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Purpose: To investigate the long-term visual outcome and their determinants after an operation in Thai pituitary adenoma (PA).
Patients and Methods: A retrospective cohort study was conducted on PA patients who underwent surgery at Rajavithi Hospital. 
Baseline characteristics and visual parameters, including visual acuity (VA) and visual field (VF), were analyzed in relation to the 
visual prognosis outcome. The outcome was defined as VA improvement at 1-year postoperatively. Visual parameters were measured 
at each follow-up visit and compared. Factors for improved visual prognosis were evaluated using logistic regression analysis.
Results: A total cohort of 87 patients (64.37% female), 62.07% showed improvement in visual outcome. Most improvement occurred 
immediately after surgery, evident at the 1-month visit. The mean follow-up time was 47.45 months (±28.49 SD), mean difference in 
VA improvement at 1-year was −0.56 logMAR (95% CI −0.73, −0.47). In multivariable logistic regression model, prolonged onset 
duration was associated with a reduced odds of improved visual outcome, with an odds ratio (OR) of 0.946 (95% CI 0.899–0.996, p = 
0.034). Baseline characteristics, tumor volume, Hardy and Knops classification, and surgical approaches were not identified as 
significant predictors.
Conclusion: Both TSS and transcranial approaches are effective for pituitary adenoma. A prompt operation is recommended for 
patients with prolonged onset duration, with thorough discussion on poor postoperative visual outcomes.
Keywords: pituitary adenoma, visual outcome, transsphenoidal surgery, transcranial surgery, Thai

Introduction
Pituitary adenoma (PA) is one of the most common benign tumors in the central nervous system (CNS). The incidence of 
PA varies from 3% to 25%.1–3 It can be categorized into functioning or non-functioning PA. Functioning PA may present 
with hormonal hypersecretion, such as Cushing syndrome or prolactinoma. Despite its benign nature in non-functioning 
PA without hormonal disturbance, the tumor can cause headache, visual impairment, or diplopia due to tumor invasion in 
the cavernous sinus.4–6 There are several treatment modalities for the tumor, including medical, surgical, and radio-
therapy. Typically, patients who present with significant visual symptoms or a neurological deficit with a large tumor are 
chosen for surgical management.2 Transsphenoidal approach (TSS) is the primary treatment chosen for the majority of 
pituitary tumors.7 Aggressive pituitary tumors may require multimodal therapy with multiple operations.

Several predictive factors for postoperative visual outcomes in PA have been identified. A shorter duration of 
symptoms before surgery and younger age are associated with a higher amount of reserved nerve fiber layers.5,8–10 

Additionally, large tumor size and suprasellar extension are significantly associated with poor postoperative visual 
outcomes.11,12 Regarding the prognosis for the visual field, favorable outcomes are observed in patients with a short 
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duration of symptoms, a higher preoperative VF, and a thicker peripapillary temporal retinal nerve fiber layer (RNFL).8 

While several researchers proposed the great benefit of TSS, the transcranial approach was found to be a significant 
predictor of favorable visual field improvement in an Asian study.13,14

The present study aims to identify predictive factors for favorable postoperative visual outcomes in patients with PA 
at Rajavithi Hospital and to report on long-term visual outcomes in Thai populations.

Patients and Methods
Patients’ Selection and Clinical Characteristics
We conducted a retrospective study of all PA patients who received their first operation at the department of neurosurgery 
in Rajavithi Hospital, Thailand, between January, 2016, and December, 2020. The inclusion criteria were for PA patients 
aged 18–80 years who underwent their first surgery at our center. Exclusion criteria included: 1) patients under 18 or over 
80; 2) incomplete baseline characteristic data; 3) follow-up time less than 1 years; 4) history of prior tumor operation, 
chemotherapy, or radiation; 5) recurrent PA; and 6) preexisting eye diseases that could affect the visual field, such as 
glaucoma or other optic neuropathies.

Demographic and tumor data were retrospectively reviewed, including age, gender, and baseline visual status such as 
best corrected visual acuity (BCVA), which were converted to the logarithm of the minimum angle of the resolution 
(logMAR) as the follows;15 no perception of light (NPL), perception of light (PL), hand moment (HM), counting finger 
(CF) to 3.4, 3.1, 2.9, and 2.6, respectively, presence of relative afferent pupillary defect (RAPD), and disc morphology. The 
type of functioning adenoma was reviewed based on the endocrinologist’s preoperative diagnosis, determined through 
serum hormone-level assessments. The visual field defect was measured by the 30–2 Swedish of the Humphrey visual field 
automate perimetry. Reliable VF value assessment was confirmed when fixation losses or false-positive or false-negative 
responses were less than 20%.16 Radiological characteristics of PA, including size, extension, and location, were assessed 
preoperatively using computed tomography scan (CT scan) or brain magnetic resonance imaging (MRI). Postoperative 
visual status at each follow-up visit was retrospectively reviewed at 1, 6, 12, and 24 months. Outcome of visual 
improvement was defined as a decrease of at least 0.2 logMAR between baseline and postoperative 1-year. Tumor volume 
and extension were measured and classified according to Hardy-Wilson and Knosp classifications.17,18

Ethics Approval
The present study was approved by the Ethics committee at Rajavithi Hospital (certificate number 186/66) and followed 
the Declaration of Helsinki. All participants were received inform and consent before data collection.

Statistical Analysis
Continuous data were expressed as mean, standard deviation (SD) in normal distributed data, or interquartile range (IQR) 
in non-normal distributed data. Categorical data were expressed as percentages and compared using Chi-square or Fisher 
exact test. The comparison of continuous data was employed by the Student’s t-test or Mann–Whitney’s U-test. The 
difference in visual acuity in logMAR and visual field in decibel for each postoperative visit was compared using 
multilevel mixed-effects model analysis. Potential prognostic predictors associated with improved postoperative visual 
recovery in univariable analysis with p <0.2 were further included in multivariable logistic regression model. All 
statistical significances were set at p <0.05. All analyses were done using a standard statistical program.

Result
Clinical Characteristics of Pituitary Adenoma Patients
We retrospectively enrolled all patients diagnosed with PA during 2016–2020 at our center. Subsequently, 174 eyes from 
87 patients were selected for inclusion in the analysis after being excluded according to the exclusion criteria (Figure 1). 
The characteristics of the patients at baseline preoperatively were similar in both improved and non-improved groups, 
with 62.07% of patients demonstrating improvement (Table 1). The mean (SD) age was 50 (12.81) years, with no 
significant difference between the improved and non-improved groups (p = 0.864). Gender distribution showed no 
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significant disparity between the groups (p = 0.252), with 64.37% females overall. The presenting symptoms were 
generally unremarkable, with visual blurring being the most common symptom in the entire cohort. Patients in the 
improved group had a shorter duration of symptoms (p < 0.001). The mean follow-up time for both groups was 47.45 
(28.49) months, with no significant difference.

Functioning adenomas constitute 77.5% of patients with available lab panels (40 out of 87 patients from the entire 
cohort). No significant differences were observed between the groups regarding the type of functioning adenoma, while 
prolactinoma was the most common, accounted for 40% (Table 2). Macroadenoma was comparable (p = 0.055). Hardy 

Figure 1 STROBE study participant’s flow chart.

Table 1 Baseline Characteristics in Pituitary Adenoma Patient.*

Clinical Characteristic n, (%) Total (87) Improved (54) Non-improved (33) p value

Age – years (mean±SD) 50 (12.81) 49.81 (12.78) 50.30 (13.05) 0.864

Gender – Female 56 (64.37) 32 (59.26) 24 (72.73) 0.252
VA – logMAR (Median; range)

Worse-seeing eye† 1 (0.1–3.4) 0.8 (0.1–3.4) 1 (0.2–3.1) 0.002‡

Better-seeing eye 0.3 (0–3.1) 0.2 0.2–2.9) 0.4 (0–3.1) 0.002‡

VF – MD dB (Median; range)
Worse-seeing eye† −15.19 (−1.71, −32.77) −11.42 (−1.71, −31.88) −19.32 (−3.6, −32.77) 0.053‡

Better-seeing eye −10.53 (−1.3, −32.02) −10.07 (−1.3, −30.50) −14.75 (−1.72, −32.02) 0.014‡

(Continued)
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Table 1 (Continued). 

Clinical Characteristic n, (%) Total (87) Improved (54) Non-improved (33) p value

Presenting sign and symptom
Ocular

Visual blur 49 (56.32) 29 (53.70) 20 (60.61) 0.657

Diplopia 20 (22.99) 12 (22.22) 8 (24.24) >0.999

Pale optic disc 23 (26.44) 10 (18.52) 13 (39.39) 0.045
Non-ocular

Headache 47 (54.02) 25 (46.30) 22 (66.67) 0.079

Galactorrhea 10 (11.49) 6 (11.11) 4 (12.12) >0.999
Amenorrhea 5 (5.75) 3 (5.56) 2 (6.06) >0.999

Acromegaly 1 (1.15) 1 (1.85) 0 >0.999

Incidental 4 (4.60) 2 (3.70) 2 (6.06) 0.632
Median onset duration – mo (range) 6 (1–60) 3 (1–50) 12 (2–60) <0.001

Follow-up time – mo (mean±SD) 47.45 (28.49) 42.74 (28.64) 55.15 (26.89) 0.048

Surgical approach >0.999
Transsphenoidal 72 (82.76) 45 (83.33) 27 (81.82)

Transcranial 15 (17.24) 9 (16.67) 6 (18.18)

Notes: *BCVA, LogMAR, MD, dB denotes Best Corrected Visual Acuity, Logarithm of the Minimum Angle of Resolution, mean deviation, decibels 
respectively. †The term “worse-seeing eye” describes eye with inferior VA at baseline for each patient, irrespective of laterality. This designation 
applied to the same eye when assessing the change of VF and remains constant during the follow-up period. ‡The p value were obtained from the 
Mann–Whitney test.

Table 2 Baseline Characteristics of Tumor and Imaging Classification.*

Clinical Characteristic n, (%) Total (87) Improved (54) Non-improved (33) p value

Functioning adenoma (n=40) 0.181

Positive 31 (77.50) 21 (87.50) 10 (62.50)

Negative 9 (22.50) 3 (12.50) 6 (37.50)
Missing 47 (54.02) 30 (55.56) 17 (51.52)

PRL 16 (40.00) 11 (44.00) 5 (33.33)

GH 3 (7.50) 1 (4.00) 2 (13.33)
ACTH 6 (15.00) 3 (12.00) 3 (20.00)

TSH 3 (7.50) 1 (4.00) 2 (13.33)

FSH 12 (30.00) 9 (36.00) 3 (20.00)
LH 4 (10.00) 3 (12.00) 1 (6.67)

Mixed 10 (25.00) 5 (20.00) 5 (33.33)

Macroadenoma 69 (79.31) 39 (72.22) 30 (90.91) 0.055
Hardy’s Classification 0.860

A 14 (17.50) 9 (18.00) 5 (16.67)

B 24 (30.00) 16 (32.00) 8 (26.67)
C 27 (33.75) 15 (30.00) 12 (40.00)

D 13 (16.25) 8 (16.00) 5 (16.67)

E 2 (2.50) 2 (4.00) 0
Knosp classification 0.471

Grade 0 18 (22.50) 13 (26.00) 5 (16.67)

Grade 1 14 (17.50) 10 (20.00) 4 (13.33)
Grade 2 7 (8.75) 3 (6.00) 4 (13.33)

Grade 3 41 (51.25) 24 (48.00) 17 (56.67)
Grade 4 0 0 0

Notes: *The macroadenoma cut-point was greater than or equal to 1 cm3. Type of functioning adenomas were analyzed in 
only cases with complete endocrinologic panel (n=40).
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and Knops classifications were similar between the two groups (p = 0.860, p = 0.471, respectively), with the majority of 
the cohort falling below grade C and below grade 3 in Hardy and Knops classifications, respectively.

Long-Term Visual Outcome in Improved Vs Non-Improved Group
Visual acuity demonstrated a statistically significant improvement after surgery over the follow-up period (Figure 2, Table 3). 
Preoperatively, the overall median logMAR in the worse-seeing eye was 1 (range 0.1 to 3.4), which improved to 0.6 (0–3.4) at 
1-month postoperatively (p < 0.001). Visual field exhibited a similar trend with a median MD of −15.19 dB (−32.77 to −1.71) and 
improved to −12.48 (−28.89 to −2.48) at 1-month postoperatively (p = 0.064). From 1-month postoperatively through month 48, 
both visual acuity and visual field remained stable. The mean difference in VA improvement at 1-year in the worse-seeing eye 
was −0.56 logMAR (95% CI −0.73, −0.47). The mean difference in VF improvement was 2.40 dB (95% CI 0.82, 3.99).

Determinates on Visual Outcome
A multivariable logistic regression analysis was conducted to identify factors influencing poor visual outcomes. In the 
multivariable regression model, age, gender, pale disc, surgical approaches, macroadenoma, and Hardy classification 
were excluded (Figure 3). Duration of symptoms remained significant associated factors with an improved visual 
outcome, with an OD of 0.946 (95% CI 0.899–0.996, p = 0.034).
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Figure 2 Changes in visual parameters from during each follow-up visit. 
Notes: Trend of improvement in VA and VF for each follow-up visit, categorized by surgical approaches. All values were measured using the worse-seeing eye. Error bars 
represent 95% confidence intervals. Overall visual acuity trend (A), overall visual field trend (B), visual acuity trend for transsphenoidal and transcranial group (C), visual 
field trend for transsphenoidal and transcranial group (D).
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Table 3 Trend of Baseline and Postoperative Visual Parameters.*

Median (range) Preoperative 1-month 6-month 1-year 2-year p value

VA – logMAR Overall 1 (0.1–3.4) 0.6 (0–3.4) 0.5 (0–3.4) 0.5 (0–3.4) 0.6 (0–3.4) <0.001†

Mean±(SD) 1.04 (0.91) 0.91 (0.94) 0.86 (0.96) 0.81 (0.87) 0.99 (1.04)
Transsphenoidal 1 (0.1–3.1) 0.5 (0–3.4) 0.4 (0–3.4) 0.45 (0–3.4) 0.55 (0–3.4) <0.001†

Mean±(SD) 1.31 (0.90) 0.75 (0.86) 0.76 (0.96) 0.74 (0.87) 0.96 (1.05)

Transcranial 1.60 (0.6–3.4) 1.90 (0.1–3.1) 1.60 (0.1–2.6) 0.90 (0.1–2.6) 0.80 (0.1–3.1) <0.001†

Mean±(SD) 1.87 (0.89) 1.69 (0.97) 1.35 (0.82) 1.12 (0.83) 1.14 (1.06)

VF – MD dB Overall −15.19 (−1.71, −32.77) −12.48 (−2.48, −28.89) −11.92 (−0.85, −30.2) −12.13 (−1.66, −27.34) −10.78 (−1.69, −31.34) 0.003†

Mean±(SD) −15.19 (8.45) −13.73 (6.21) −12.68 (6.20) −12.89 (6.00) −13.17 (6.91)
Transsphenoidal −11.82 (−1.71, −32.77) −11.84 (−2.48, −28.89) −11.26 (−0.85, −30.20) −11.20 (−1.66, −27.34) −10.51 (−1.69, −31.34) 0.017†

Mean±(SD) −14.50 (8.94) −13.25 (6.32) −12.35 (6.50) −12.57 (6.38) −12.87 (7.24)

Transcranial −18.87 (−10.01, −25.02) −17.2 (−8.38, −24.76) −14.80 (−8.48, −20.21) −15.20 (−9.59, −18.87) −16.95 (−8.73, −18.79) 0.040†

Mean±(SD) −18.45 (4.46) −16.59 (4.76) −14.46 (3.95) −14.56 (2.96) −15.08 (4.20)

Notes: *All values were measured using the worse-seeing eye. †The p value for overall comparison and each surgical approach were obtained from the multilevel mixed-effects model between baseline and 1-year.
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Discussion
The present study found that the overall visual improvement of PA post-operation is 62.07% at 1-year postoperatively. 
The most apparently improved VA and VF were observed during 1–6 months. The significant predictive risk factor for 
poor visual outcome postoperatively is prolonged duration of symptom.

In our cohort, there was a female predominance, similar to other studies.16,19 Visual blur was the most common presenting 
symptom, consistent with previous reports.16,20 Regarding the influence of patient age on visual prognosis, its impact differs 
among each study. Young age has a better visual prognosis in some studies.9,13,16,21 On the contrary, Watanabe et al observed 
no difference in postoperative visual outcome in Japanese patients in the elderly group (≥70 years) compared to the younger 
group.22 In our cohort, both improved and non-improved groups exhibited a nearly identical age range. The influence of age on 
the outcome of the disease remains unclear, probably because various parameters differ among studies including tumor size, 
tumor extension, or different criteria of visual outcome in each study. Additionally, epigenetic changes associated with aging 
and age-related vascular changes may contribute to poor visual outcomes.23 However, previous researchers observed that the 
most substantial improvement in visual field occurs 6 months rather than within the initial 3 months period after surgery.24 

Butenschoen VM et al reported a significant improvement at 3 months post-TSS.13 Taghvaei M et al also proposed an 
improvement in visual status in the PA patients (VA, VF) shortly after 3 months post-TSS.21 In this cohort, we found a notable 
improvement in visual outcome between the period of 4 weeks and 6 months. This trend in visual prognosis could serve as 
valuable guidance for advising patients and their families.

However, previous researchers reported the association between tumor size and tumor extension on the visual 
prognosis.19,25,26 In the present study, neither size nor extension, as classified by Hardy and Knops, influenced the visual 
outcome. Possibly, a larger tumor size may receive a timely operation, potentially diluting the actual correlation between 
size and outcomes. Additionally, Ng et al proposed that the tumor height from the supracarotid artery correlated more 
closely with the visual outcome rather than the absolute height of the tumor.26 Further studies evaluating the influences of 
all extensions on imaging will greatly expand our comprehensive understanding of this aspect.

Onset duration is only a predictor of poor visual recovery. While vascular density and the ganglion cell complex 
showed immediate improvement after TSS at 48 hours post-surgery, the RNFL thickness remained unchanged, suggest-
ing permanent structural damage resulting from delayed decompression.20,27 In several cases, improvements eventually 
occur despite the prolonged onset of symptoms. This apparent contradiction may be linked to the slow growth of these 
tumors, affording the optic nerve sufficiently adapts to the structural change.28 This suggested role of optic nerve 
plasticity, a factor intricately linked with genetic factors among patients, has contributed to diverse adaptive responses of 
the optic nerve and recovery, further influencing postoperative visual outcome.29 Our result is in accordance with the 
previous studies.9,14,20,30 In Asian population, Sriram et al reported that PA patients with a 1-month onset duration after 
post-transcranial or TSS operatively achieved better outcome than the longer group.14 Moreover, Jahangiri et al identified 
a delay onset of 6 months as a risk factor for poor visual outcome in the older age group.31 Therefore, despite the old age 
patients, postoperative visual outcome can still improve. Hence, we suggest that older patients who are good candidates 
for surgery should receive a timely operation to increase their chances of achieving good vision.

Initial model Final model

OR 95% CI p value Odds ratio with 95% CI OR 95% CI p value Odds ratio with 95% CI

Age – years 0.996 (0.963-1.031) 0.862 Not included

Gender – female 1.833 (0.716-4.688) 0.206 Not included

Initial logMAR* 1.741 (1.021-2.970) 0.042 1.674 (0.920-3.044) 0.091

Pale disc 0.349 (0.131-0.931) 0.035 0.520 (0.158-1.711) 0.282

Onset duration – mo 0.925 (0.878-0.974) 0.003 0.946 (0.899-0.996) 0.034

Transcranial approach 0.899 (0.288-2.808) 0.856 Not included

Macroadenoma 0.260 (0.068-0.980) 0.047 0.339 (0.078-1.475) 0.149

Hardy’s classification 0.993 (0.641-1.538) 0.978 Not included

Knosp classification 0.801 (0.551-1.162) 0.243 Not included

0 1 2 30 1 2 3 4 5

Figure 3 Multivariable logistic regression model of the initial and final best model for improved visual outcome postoperatively. 
Notes: Analysis for the improved group. *Worse-seeing eye.
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The initial visual parameters have been investigated as potential determinants of postoperative visual outcomes in 
various studies.9,16,19 However, inconclusive findings have been reported.32 Our results indicate that the initial VA 
showed no significant impact on improvement in the multivariable analysis. However, we observe a potential statistically 
inverse correlation (p = 0.091), suggesting that worse initial VA might be associated with more improvement post-
operatively. This could have resulted from misclassification bias of the cut-point for improvement with 0.2 logMAR. 
Consequently, it is conceivable that a patient with a worse preoperative VA, even with a minute improvement, could 
result in a substantial improvement in logMAR but may not result in clinically meaningful improvement. For instance, an 
individual with an initial VA of no perception of light (NPL) – logMAR 3.4 improves to a postoperative VA of perception 
of light (PL) – logMAR 3.1 demonstrating an improvement of 0.3. This comparison contrasts with another subgroup with 
a more favorable visual outcome, such as those achieving from 20/25 to 20/20, where the observed improvement is only 
0.1 logMAR. While the magnitude of improvement in logMAR may not reflect the clinical significance of visual 
improvement, and the chosen improvement threshold could potentially skew result interpretation. Moreover, patients 
with worse initial VA tend to seek earlier medical care. Early intervention for patients with poor initial VA may afford an 
opportunity for timely surgical management. Lastly, the exclusive inclusion of patients from an ophthalmic outpatient 
department leads to potential selection bias and over-representing those with initially poor VA in our cohort.

Some previous researchers revealed no different treatment efficacy among the surgical approaches in the Asian PA 
patients.14 The visual outcome of TSS or transcranial approach groups was unremarkable on the experienced surgeons or 
centers.33 However, several recent meta-analysis studies of PA reported the significantly better visual outcome of the TSS 
group.34–36 In our series, most of the patients received TSS. Although TSS did not emerge as a statistically significant 
variable in predicting a favorable visual outcome in logistic regression analysis, an interesting observation was noted; VA 
improvement was faster at the 1-month follow-up in the TSS approach compared to the 6-month interval observed in the 
transcranial approach. Conversely, the transcranial approach demonstrated a slight improvement at 1–6-month period in 
contrast to TSS approach, which maintained stable VA after an initial improvement at the 1-month visit. This suggests 
a delayed improvement that can still occur in the transcranial approach. A similar pattern was observed in VF, where 
improvement persisted beyond the 6-month postoperative period in the transcranial approach, despite lacking statistical 
significance. In general, transsphenoidal approach is preferred due to lower postoperative complications and is the 
approach of choice if there are no contraindications and suitable preoperative imaging, such as no large suprasellar 
extension. In cases with giant adenoma that would be difficult to resect due to suprasellar extension, subtotal resection 
resulting from choosing the transsphenoidal approach can lead to postoperative swelling of the tumor and infarction, 
which can be life-threatening.37 This highlights the importance of careful preoperative planning. One explanation for 
poorer visual outcomes generally observed in the transcranial approach is the more complex and aggressive nature of 
tumors. However, it allows for superior exposure, enabling more effective separation of the tumor from adjacent structure 
compared to the transsphenoidal approach.38 The involvement of the optic nerve often requires meticulous resection and 
careful separation of the tumor while balancing degree of the optic nerve damage. This manipulation of the optic nerve 
could account for the delayed improvement in visual parameters observed in our cohort. We proposed that conducting 
a subsequent study with larger sample size would be valuable for comprehensively evaluating the impact of surgical 
techniques on visual outcome across short- and long-term period.

Several limitations should be addressed in the present study. Firstly, due to the retrospective nature, certain data were 
incomplete largely, visual parameter and patients with follow-up time of less than 1 year. Consequently, they were 
excluded from the cohort, contributing to a reduction in statistical power. Moreover, the unavailability of OCT data in 
majority of patients presents a notable limitation in our study. As a result, we decided not to evaluate OCT-related. This 
omission compromise aspects associated with the thinning of the RNFL and macular ganglion cell layer (GCL) in PA 
with chiasmal compression.39–41 Secondly, the study did not account for the influence of multiple surgeons. This absence 
likely impacted the true postoperative prognosis, given the potential variability in surgical skills among different 
surgeons. Existing literature has observed only marginal improvements in vision beyond the 2-years postoperative 
period.42 Thus, the nearly 50 months follow-up time in our cohort is considered sufficient to serve as a representative 
timeframe for assessing the long-term visual outcome. This study represents the first investigation within the Thai 
population examining the visual prognosis over a prolonged follow-up period. Our finding revealed that a prolonged 
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duration is identified as the significant risk of poor visual outcome in Thai PA patients. This emphasized the importance 
of timely diagnosis and prompt treatment for improving vision outcomes in this population.

Conclusion
Both TSS and Transcranial are effective operations for patients with PA. Patients with a prolonged onset duration should 
be considered for a prompt operation, accompanied by thorough suggestions regarding the likelihood of a poor post-
operative visual outcome.
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