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Purpose: To evaluate the anatomical and functional effects of optic chiasm compression caused by a pituitary adenoma both before 
and after surgery.
Patients and Methods: Short-term prospective study of 48 eyes from 24 patients who underwent radical surgery for pituitary 
adenoma. Comprehensive ophthalmological assessment was performed and OCT (optical coherence tomography) parameters (RNFL - 
retinal nerve fiber layer, GCL - ganglion cell layer, BMO-MRW - Bruch’s membrane opening-minimum rim width) and BVCA (best 
corrected visual acuity) using ETDRS (Early Treatment Diabetic Retinopathy Study) chart were evaluated before surgery and 3 
months after surgery.
Results: Over time, a decline in RNFL was observed in circular scans of 3.5 mm, 4.1 mm, and 4.7 mm (p = 0.001–0.04), as well as in 
GCL (p = 0.001–0.022) and BMO-MRW (p = 0.001–0.033). The median improvement in vision was 4 letters (IQR 0–6) (p < 0.001). 
A positive correlation between RNFL and visual improvement was found only in the TS (temporo-superior) sector in the 4.7 mm circle 
(p = 0.018). A negative correlation was observed between the difference between preoperative and normative RNFL and GCL values 
and the postoperative BCVA (RNFL p = 0.005–0.046, GCL p = 0.009–0.022).
Conclusion: Following radical surgery all three OCT parameters show a significant decline. While the reduction between preopera
tive and postoperative values does not influence the final visual outcome, preoperative atrophy of the RNFL and the GCL is negatively 
correlated with postoperative BCVA. The BMO-MRW may represent a novel marker of compressive neuropathy.
Keywords: RNFL, GCL, BMO-MRW, ETDRS

Introduction
Pituitary adenomas account for 10–25% of all brain tumors and are the most common sellar lesion.1,2 They occur twice 
as often in women.3 Based on size on MRI (magnetic resonance imaging) scans, adenomas are classified as micro
adenomas (diameter <10mm), macroadenomas (diameter >10mm), and giant adenomas (diameter >25mm).2 The clinical 
manifestation of pituitary adenomas depends on tumor size, its relation to the optic chiasm, and the presence of hormonal 
overproduction.4 Surgical therapy via endonasal approach is the first-line treatment for nonfunctioning tumors, while the 
treatment of functioning adenomas depends on the type of hormone secreted.3 Stereotactic radiosurgery is the treatment 
of choice when surgery is not sufficiently radical, hormonal hypersecretion persists, or the tumor recurs and surgery is not 
indicated.5 The dominant radiosurgical technique is CyberKnife, while the Leksell Gamma Knife is used less frequently.5 

Traditionally in these patients, we perform perimetry to assess visual fields and measure the RNFL (retinal nerve fiber 
layer) to assess the status of the optic nerve, as pathology of both is typical in tumors growing below the pituitary gland 
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causing compression and axoplasmic stasis of fibers from the nasal retina.6 The GCL (ganglion cell layer) has for years 
been regarded as a valuable newer parameter, believed to be slightly more sensitive to early changes.6 The BMO-MRW 
(Bruch’s membrane opening-minimum rim width, true neuroretinal rim) was originally designed for glaucoma patients, 
but due to large-scale analysis of optic discs it has been observed that BMO-MRW also changes in several non- 
glaucomatous neuropathies.7 We believe that BMO-MRW may be a valuable marker of compressive neuropathy, as it 
has already been shown to be more sensitive to early glaucomatous changes than RNFL.8 In our study, we compared data 
before and after surgery and also added a comparison with the manufacturer – provided normative dataset. For the pre 
versus post-surgery comparison we anticipated a decrease in values, whereas for the comparison with the normative 
dataset we chose an exploratory two-sided approach.

Materials and Methods
Initially, a prospective analysis was conducted on 76 patients with tumors of the sellar region treated at the Clinic of 
Ophthalmology, University Hospital Ostrava, between August 1, 2022, and July 16, 2024. From this group, 59 patients 
with histologically confirmed pituitary adenomas were selected. For the final dataset used in the statistical analysis, 24 
patients (48 eyes) were included—only those who met all inclusion criteria and none of the exclusion criteria. Inclusion 
criteria were: 1. Undergoing ophthalmological examination 1–20 days before surgery and 3 months (12–14 weeks) after 
surgery, 2. Pituitary adenoma treated surgically via transnasal endoscopic resection, 3. Postoperative MRI showing no 
residual tumor. Exclusion criteria were: 1. Presence of systemic diseases affecting the monitored parameters (eg, 
neurodegenerative disorders such as multiple sclerosis), or ocular conditions that reduce media transparency (eg, corneal 
opacities, cataract), severe retinal disease (eg, age-related macular degeneration), optic nerve disease (eg, glaucoma), or 
high myopia worse than −6 diopters, 2. Poor cooperation during OCT (optical coherence tomography) examination, 3. 
Reoperation for a sellar tumor, 4. Revision surgery after primary resection, 5. History of stereotactic radiosurgery. 
Pituitary adenomas were classified as microadenomas, macroadenomas, and giant adenomas based on tumor size 
measured on MRI scans after gadolinium contrast administration. Only tumors demonstrating suprasellar extension 
were included. The study was conducted at a single medical center. It was approved by the Ethics Committee of 
University Hospital Ostrava (Approval No. 319/2022) and conducted in accordance with the principles of the Declaration 
of Helsinki.

Data Collection
All patients underwent a comprehensive ophthalmologic examination, including evaluation of BCVA (best corrected 
visual acuity) using ETDRS (Early Treatment Diabetic Retinopathy Study) chart (Good-Lite, Jansen Farm Dr, Elgin, IL, 
USA), intraocular pressure (IOP) measured with a Pascal Dynamic Contour Tonometer (Ziemer Group, Port, 
Switzerland), anterior and posterior segment examination using the CSO-SL 9900 slit lamp (CSO, Scandicci, Italy), 
and structural assessment of the retina and optic nerve with non-invasive OCT Spectralis (Heidelberg Engineering 
GmbH, Heidelberg, Germany). At all visits, BCVA testing was standardized: it began at 4 m and continued at 1 m only if 
the subject read ≤ 19 letters at 4 m. The stopping rule was 0 letters.9 The OCT acquisition process began by defining the 
anatomic landmarks for the automatic anatomic positioning system (detecting the fovea position – confirming the fovea 
position, detecting the BMO (Bruch’s membrane opening) center position – confirming the BMO center position). The 
C – curve (radius of curvature of the anterior corneal surface) remained fixed due to aforementioned inclusion/exclusion 
criteria. Three types of scans were acquired: 1) optic nerve head – 24 radial scans of 15° length and 7.5° intersectional 
distance, and 3 circle scans of 3.5 mm, 4.1 mm and 4.7 mm diameter with 0.3 mm intersectional distance, all centered on 
the the BMO center, 2) horizontal volumetric macular scan of size 30° x 25° centered on the fovea, images oriented 
parallel to the FoBMOC axis (fovea-to-BMO center axis), with an intersectional distance of 120 µm, 3) vertical 
volumetric macular scan of size 30° x 15° centered on the fovea, images oriented perpendicular to the FoBMOC axis, 
with an intersectional distance of 240 µm. Each OCT examination thus met the following criteria: 1. Image orientation 
based on two fixed landmarks – the center of the fovea and the BMO, 2. Neuroretinal rim evaluation using the BMO- 
MRW parameter (ie shortest distance between the BMO and the internal limiting membrane – true neuroretinal rim), 3. 
RNFL analysis in three concentric peripapillary circles, 4. Evaluation of the GCL. The normative database for RNFL, 
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BMO-MRW, and GCL in adult Caucasian subjects was obtained from the Spectralis device manual (User Manual 
Software version 7.0, Article No. 230129–007 INT.AE21, “unpublished data”). In this normative database, RNFL and 
BMO-MRW values were adjusted for age and BMO size, while GCL values were adjusted for age and the distance 
between the fovea center and BMO center. RNFL thickness and BMO-MRW were measured using standard sectors: 
global (G), temporal (T), temporo-superior (TS), temporo-inferior (TI), nasal (N), naso-superior (NS), and naso-inferior 
(NI). GCL thickness was assessed using the following sectors: global (G), temporo-superior (TS), superior (S), naso- 
superior (NS), naso-inferior (NI), inferior (I), and temporo-inferior (TI). The evaluated numerical variables included age, 
follow-up time, ETDRS, RNFL, GCL, and BMO-MRW.

Data Analysis
Descriptive statistics were used to characterize the numerical variables (median – M, interquartile range – IQR, 
minimum/maximum values). Categorical variables were described using absolute and relative frequencies (%). 
Comparisons of measured variables with normative values were performed using the two-sided one-sample Wilcoxon 
test. Differences between baseline and follow-up parameters were evaluated using the one-sided one-sample Wilcoxon 
test. Additional between-group comparisons were conducted using the Mann–Whitney test. Correlations between 
numerical variables were assessed using Spearman correlation coefficient, with accompanying confidence interval and 
p-value of its test of significance. A significance level of 0.05 was used for all statistical tests, which were performed 
using R software (version 4.4.1, The R Foundation for Statistical Computing, Vienna, Austria).

Results
The study group included 12 men (50.0%) and 12 women (50.0%). The median age of patients was 62 years (IQR 53–68 
years, interval 26–79 years). The median age for women was 56 years (interval 26–72 years), and for men it was 68 years 
(interval 43–79 years). The median age of women was statistically significantly lower than that of men (p = 0.005, 
Mann–Whitney test). The median follow-up duration was 94 days (interval 83–120 days). Among the patients, 22 had 
a macroadenoma (91.67%), one had a giant adenoma (4.17%), and one had a microadenoma (4.17%).

Baseline vs Normative RNFL
A statistically significant difference between baseline and normative RNFL was found in the T sector (p = 0.001–0.003) 
and the N sector (p =0.003–0.04) (Table 1).

Baseline vs Normative GCL and BMO-MRW
Statistically significant differences between baseline and normative GCL were found in all sectors (p < 0.001–0.005). For 
BMO-MRW, significant changes were found in the TS sector (p = 0.042) and the N sector (p = 0.026) (Table 2).

Table 1 Comparison of Baseline RNFL (3.5mm, 4.1mm 
and 4.7mm, All Segments) with Normative Values, n = 48 
Eyes

Normative Values Median (IQR) p

RNFL 3.5

G 97.8 98 (83; 102) 0.073

T 70.5 60 (51; 74) 0.002*
TS 128.0 131 (113; 144) 0.682

TI 148.8 143 (131; 159) 0.152

N 81.5 72 (64; 87) 0.004*
NS 112.0 114 (92; 129) 0.916

NI 109.5 110 (88; 124) 0.818

(Continued)
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Table 1 (Continued). 

Normative Values Median (IQR) p

RNFL 4.1

G 84.2 83 (72; 88) 0.058
T 63.3 54 (47; 66) 0.003*

TS 117.7 116 (108; 130) 0.882

TI 133.4 128 (116; 144) 0.194
N 68.0 60 (55; 71) 0.003*

NS 90.2 91 (73; 102) 0.542

NI 87.4 84 (74; 96) 0.576
RNFL 4.7

G 73.9 73 (65; 77) 0.072

T 58.3 50 (45; 60) 0.001*
TS 107.8 109 (102; 118) 0.386

TI 119.8 119 (110; 131) 0.963

N 58.6 54 (48; 62) 0.003*
NS 74.4 72 (60; 82) 0.244

NI 71.2 66 (60; 78) 0.293

Notes: *P-value statistically significant difference. P-values were obtained 
with the two-sided one-sample Wilcoxon test. 
Abbreviations: RNFL, retinal nerve fiber layer; IQR, interquartile range; 
G, global, T, temporal, TS, temporo-superior, TI, temporo-inferior, N, nasal, 
NS, naso-superior, NI, naso-inferior.

Table 2 Comparison of Baseline GCL and BMO-MRW (All 
Segments) with Normative Values, n = 48 Eyes

Normative Values Median (IQR) p

GCL

G 52.18 45.97 (37.02; 51.23) <0.001*
TS 48.36 45.97 (40.65; 49.44) 0.005*

S 53.45 48.01 (38.67; 52.14) <0.001*

NS 53.40 44.92 (33.69; 52.39) <0.001*
NI 53.62 44.17 (33.54; 51.15) <0.001*

I 53.05 45.90 (36.49; 50.77) <0.001*

TI 51.57 49.34 (43.56; 52.53) <0.001*
BMO-MRW

G 336.1 315.74 (280.34; 353.28) 0.061

T 238.7 215.82 (194.50; 252.83) 0.051
TS 321.1 301.78 (261.68; 338.66) 0.042*

TI 352.4 327.04 (296.40; 376.58) 0.291

N 374.2 351.70 (299.04; 385.25) 0.026*
NS 374.2 351.15 (322.23; 422.83) 0.532

NI 411.6 383.78 (343.99; 457.74) 0.235

Notes: *P-value statistically significant difference. P-values were obtained with the two- 
sided one-sample Wilcoxon test. 
Abbreviations: GCL, ganglion cell layer; BMO, MRW-Bruch’s membrane opening mini
mum rim width; IQR, interquartile range; for GCL: G-global; TS-temporo-superior; S, 
superior; NS, naso-superior; NI, naso-inferior; I, inferior; TI, temporo-inferior for BMO- 
MRW; G, global; T, temporal; TS, temporo superior; TI, temporo inferior; N, nasal; NS, 
naso-superior; NI, naso-inferior.
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Preoperative vs Postoperative RNFL
A statistically significant decrease was found: in the 3.5 mm circle – all sectors (p = 0.001–0.025), in the 4.1 mm circle - 
sectors G, T, TS, N, NS (0.001–0.024), in the 4.7 mm circle - sectors G, TS, N, NS (p = 0.001–0.009) (Table 3).

Preoperative vs Postoperative GCL and BMO-MRW
For GCL, a statistically significant decrease was observed in sectors S, NS, NI, and I (p =0.001–0.018). For BMO-MRW, 
a significant decrease was observed in all sectors (p < 0.001–0.034) (Table 4).

Visual Acuity
The median preoperative ETDRS score was 84 (IQR 77–88), and the postoperative score was 88 (IQR 80–90) (Figure 1). 
The median visual acuity gain (postoperative minus preoperative score) was 4 (IQR 0–6), and this change was 
statistically significant (one-sided Wilcoxon signed-rank test, p < 0.001). A statistically significant positive correlation 
between RNFL values and visual gain was found only in the TS sector of the 4.7 mm circle (p = 0.018) (Table 5). No 
statistically significant correlation was found between visual gain and greater/lesser declines in either GCL or BMO- 
MRW in any sector (Table 6). A statistically significant negative correlation between the difference between preoperative 
and normative RNFL and postoperative visual gain was found: in the 3.5 mm circle - sectors G, T, TS, TI, NI (p 
=0.014–0.046), in the 4.1 mm circle - sectors G, T, TS, TI (p = 0.005–0.011), in the 4.7 mm circle - sectors G, T, TS, TI 
(p = 0.014–0.018) (Table 7). A statistically significant negative correlation between the difference between preoperative 

Table 3 Comparison of RNFL (3.5 mm, 4.1 mm and 4.7 mm, All Segments) Before and 
After Procedure, n = 48 Eyes

Median (IQR) p

Before Procedure After Procedure Difference (Before-After)

RNFL 3.5
G 98 (83; 102) 96 (80; 103) 1 (0; 3) 0.001*

T 60 (51; 74) 62 (46; 73) 1 (0; 2) 0.001*

TS 131 (113; 144) 128 (112; 143) 0 (−1; 4) 0.021*
TI 143 (131; 159) 142 (129; 156) 0 (−1; 3) 0.025*

N 72 (64; 87) 70 (63; 86) 2 (0; 3) 0.001*

NS 114 (92; 129) 113 (90; 129) 0 (−1; 6) 0.016*
NI 110 (88; 124) 108 (89; 125) 1 (0; 3) 0.006*

RNFL 4.1

G 83 (72; 88) 81 (71; 88) 1 (0; 2) 0.001*
T 54 (47; 66) 56 (43; 64) 1 (0; 2) 0.002*

TS 116 (108; 130) 115 (108; 128) 1 (−1; 3) 0.024*

TI 128 (116; 144) 128 (114; 143) 1 (−2; 3) 0.052
N 60 (55; 71) 60 (52; 72) 1 (0; 2) 0.010*

NS 91 (73; 102) 91 (73; 100) 1 (−1; 2) 0.040*

NI 84 (74; 96) 86 (72; 99) 1 (−1; 3) 0.070
RNFL 4.7

G 73 (65; 77) 71 (64; 77) 1 (0; 2) 0.002*

T 50 (45; 60) 52 (43; 59) 1 (−1; 2) 0.106
TS 109 (102; 118) 107 (100; 115) 2 (0; 3) 0.001*

TI 119 (110; 131) 118 (106; 131) 0 (−1; 3) 0.072

N 54 (48; 62) 52 (48; 62) 1 (−1; 2) 0.003*
NS 72 (60; 82) 73 (58; 84) 1 (−1; 3) 0.009*

NI 66 (60; 78) 68 (59; 76) 0 (−1; 2) 0.214

Notes: *P-value statistically significant decrease. P-values were obtained with the one-sided one-sample Wilcoxon test. 
Abbreviations: RNFL, retinal nerve fiber layer; IQR, interquartile range; G, global; T, temporal; TS, temporo- 
superior; TI, temporo-inferior; N, nasal; NS, naso-superior; NI, naso-inferior.
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and normative GCL and postoperative visual gain was found in the following sectors: G, TS, S, NS, I, TI (p = 
0.009–0.022) (Table 8). Neither a positive nor a negative correlation was found between the difference between 
preoperative and normative BMO-MRW and postoperative visual gain (Table 8).

Discussion
The number of patients included corresponds to the established inclusion/exclusion criteria, and the equal gender 
distribution contributes to the consistency of the data. To our knowledge, this is the fifth prospective study on the 
topic.10–13 The median age of 62 years is slightly higher than that reported in other studies.6 In terms of follow-up 
duration, studies with up to 3 months of follow-up—consistent with our study—can be found in the literature.14,15 At 
least one study includes a one-year follow-up period.12 In our current experience, shorter follow-up improves patient 
adherence and data consistency. The study timeframe was deliberately chosen to include a longer postoperative 
interval for outcome assessment, as the primary focus was on OCT parameters, and by three months after surgery 
the healing process was expected to be complete. A longer follow-up in the future increases the risk of tumor 
recurrence, which could compromise a part of the data. The classification of adenomas by size and direction of 
expansion is based on our institutional practice. Tumor size may also be assessed by vertical height or by evaluating its 
anatomical relationship with the optic chiasm.6 Numerous papers have addressed the relationship between pituitary 
adenomas and RNFL and GCL. Some studies examine only the preoperative condition.16 Others compare RNFL and 
GCL with each other.6 Only a few studies analyze preoperative and postoperative parameters.17 Only one study was 
found that also compares RNFL and GCL values to a normative database.10

RNFL
In our study, we observed statistically significant preoperative deviations from normative RNFL values-both positive and 
negative-in the temporal and nasal sectors across all three circle diameters, consistent with literature findings.18,19 Several 
authors highlight the temporal sectors as showing the most pronounced RNFL thinning.19,20 Postoperatively, we recorded 

Table 4 Comparison of GCL and BMO-MRW (All Segments) Before and After Procedure, n = 48 
Eyes

Median (IQR) p

Before Procedure After Procedure Difference (Before-After)

GCL
G 45.97 (37.02; 51.23) 46.14 (37.65; 50.70) 0.30 (−0.50; 1.37) 0.052

TS 45.97 (40.65; 49.44) 46.58 (41.24; 49.86) 0.08 (−2.20; 1.46) 0.798

S 48.01 (38.67; 52.14) 47.70 (38.51; 51.48) 0.57 (−0.53; 2.05) 0.022*
NS 44.92 (33.69; 52.39) 44.56 (33.97; 52.34) 0.88 (−0.03; 1.95) 0.001*

NI 44.17 (33.54; 51.15) 44.33 (31.02; 51.75) 0.57 (−0.75; 1.69) 0.012*

I 45.90 (36.49; 50.77) 46.38 (35.02; 50.60) 0.34 (−0.69; 1.41) 0.018*
TI 49.34 (43.56; 52.53) 49.61 (44.19; 52.79) −0.20 (−1.02; 0.76) 0.895

BMO-MRW

G 315.74 (280.34; 353.28) 314.20 (271.07; 346.86) 5.20 (−0.87; 10.19) <0.001*
T 215.82 (194.50; 252.83) 216.39 (184.48; 242.30) 3.33 (−1.73; 9.41) 0.001*

TS 301.78 (261.68; 338.66) 299.98 (257.65; 333.99) 3.90 (−6.54; 12.73) 0.033*

TI 327.04 (296.40; 376.58) 337.90 (287.53; 376.61) 4.31 (−3.92; 11.81) 0.015*
N 351.70 (299.04; 385.25) 345.49 (294.28; 385.00) 6.66 (−1.74; 14.10) <0.001*

NS 351.15 (322.23; 422.83) 331.18 (313.34; 416.83) 9.10 (−3.78; 15.31) 0.001*

NI 383.78 (343.99; 457.74) 379.18 (337.83; 456.99) 3.46 (−3.50; 10.26) 0.030*

Notes: *P-value statistically significant decrease. P-values were obtained with the one-sided one-sample Wilcoxon test. 
Abbreviations: GCL, ganglion cell layer; BMO, MRW-Bruch’s membrane opening-minimum rim width; IQR, interquartile range; 
for GCL: G, global; TS, temporo-superior; S, superior; NS, naso-superior; NI, naso-inferior; I, inferior; TI, temporo-inferior for 
BMO MRW; G,global; T, temporal; TS, temporo-superior; TI, temporo-inferior; N, nasal; NS, naso-superior; and NI, naso-inferior.
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statistically significant RNFL thinning in all sectors except TI and NI in the 4.1 mm and 4.7 mm circles. Some authors did not 
observe significant RNFL decline after surgery.14,20 Literature on RNFL decline postoperatively is relatively scarce.10,21 

There are even studies describing postoperative RNFL elevation.17 To our knowledge, no other study has analyzed RNFL 
values across multiple peripapillary circle diameters, which we believe enhances the precision of structural assessment.

Figure 1 Paired boxplot for ETDRS before and after procedure. 
Abbreviations: ETDRS, Early Treatment Diabetic Retinopathy Study chart.

Table 5 Analysis of Relationship Between Gain of ETDRS 
(Difference After-Before Procedure) and RNFL Decrease 
(3.5 mm, 4.1 mm and 4.7 mm, All Segments, Before-After 
Procedure), n = 48 Eyes

rS (95% CI) p

Decrease RNFL 3.5 (before-after)
G 0.06 (−0.26; 0.39) 0.661

T 0.09 (−0.23; 0.42) 0.521

TS 0.02 (−0.29; 0.30) 0.889
TI −0.25 (−0.51; 0.06) 0.085

N 0.17 (−0.13; 0.48) 0.237

NS 0.15 (−0.15; 0.44) 0.319
NI 0.02 (−0.27; 0.31) 0.887

Decrease RNFL 4.1 (before-after)

G 0.01 (−0.31; 0.30) 0.963
T 0.05 (−0.26; 0.35) 0.733

TS −0.23 (−0.54; 0.07) 0.117
TI −0.16 (−0.43; 0.13) 0.272

(Continued)
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Table 5 (Continued). 

rS (95% CI) p

N 0.15 (−0.18; 0.41) 0.316

NS 0.15 (−0.16; 0.41) 0.321
NI −0.05 (−0.34; 0.24) 0.747

Decrease RNFL 4.7 (before-after)

G 0.07 (−0.23; 0.36) 0.618
T 0.08 (−0.23; 0.38) 0.579

TS −0.34 (−0.58; −0.06) 0.018*

TI −0.14 (−0.41; 0.14) 0.343
N 0.22 (−0.10; 0.51) 0.132

NS 0.14 (−0.18; 0.41) 0.348

NI 0.01 (−0.26; 0.28) 0.959

Notes: *P-value statistically significant positive correlation. The values represent 
the Spearman correlation coefficient (rS) of the listed parameters and gain of 
ETDRS, its 95% confidence interval (95% CI) and the p-value of its test of 
significance. 
Abbreviations: RNFL-retinal nerve fiber layer; ETDRS-Early Treatment Diabetic 
Retinopathy Study chart; G, global; T, temporal; TS, temporo-superior; TI, tem
poro-inferior; N, nasal; NS, naso-superior; NI, naso-inferior.

Table 6 Analysis of Relationship Between Gain of ETDRS 
(Difference After-Before Procedure) and GCL and BMO- 
MRW Decrease (All Segments, Before-After Procedure), 
n = 48 Eyes

rS (95% CI) p

Decrease GCL (before-after)
G −0.07 (−0.38; 0.26) 0.619

TS −0.17 (−0.48; 0.15) 0.253

S 0.09 (−0.21; 0.38) 0.528
NS 0.20 (−0.09; 0.47) 0.165

NI 0.14 (−0.16; 0.44) 0.333

I 0.03 (−0.29; 0.32) 0.859
TI −0.21 (−0.53; 0.10) 0.143

Decrease BMO-MRW (before-after)

G −0.03 (−0.35; 0.28) 0.858
T −0.08 (−0.35; 0.19) 0.573

TS −0.07 (−0.36; 0.24) 0.639

TI −0.23 (−0.51; 0.06) 0.110
N 0.05 (−0.23; 0.33) 0.730

NS 0.00 (−0.34; 0.31) 0.984

NI −0.03 (−0.34; 0.26) 0.827

Notes: The values represent the Spearman correlation coefficient (rS) of the 
listed parameters and gain of ETDRS, its 95% confidence interval (95% CI) and the 
p-value of its test of significance. 
Abbreviations: GCL, ganglion cell layer; BMO-MRW-Bruch’s membrane open
ing-minimum rim width; ETDRS, Early Treatment Diabetic Retinopathy Study 
chart for GCL; G-global, TS-temporo-superior, S-superior; NS, naso-superior; 
NI, naso-inferior; I, inferior; TI, temporo-inferior BMO-MRW; G, global, T, 
temporal; TS, temporo-superior; TI, temporo-inferior; N, nasal; NS, naso- 
superior; NI, naso-inferior.
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Table 7 Analysis of Relationship Between Gain of ETDRS 
(Difference After-Before Procedure) and Difference 
Between Preoperative RNFL and Normative Values 
(3.5 mm, 4.1 mm and 4.7 mm, All Segments, NV – Before 
Procedure), n = 48 Eyes

rS (95% CI) p

Difference RNFL 3.5 (NV-before)

G 0.34 (0.05; 0.59) 0.018*

T 0.35 (0.06; 0.58) 0.014*
TS 0.30 (0.01; 0.56) 0.036*

TI 0.31 (0.03; 0.55) 0.031*

N 0.16 (−0.12; 0.45) 0.269
NS 0.19 (−0.09; 0.43) 0.199

NI 0.29 (−0.01; 0.56) 0.046*
Difference RNFL 4.1 (NV-before)

G 0.39 (0.10; 0.63) 0.006*

T 0.37 (0.08; 0.60) 0.010*
TS 0.40 (0.09; 0.65) 0.005*

TI 0.36 (0.10; 0.59) 0.011*

N 0.17 (−0.14; 0.44) 0.262
NS 0.17 (−0.12; 0.43) 0.235

NI 0.23 (−0.08; 0.49) 0.120

Difference RNFL 4.7 (NV-before)
G 0.34 (0.05; 0.59) 0.018*

T 0.35 (0.08; 0.59) 0.014*

TS 0.35 (0.05; 0.60) 0.015*
TI 0.34 (0.04; 0.58) 0.017*

N 0.16 (−0.14; 0.47) 0.279

NS 0.24 (−0.08; 0.51) 0.098
NI 0.21 (−0.08; 0.50) 0.147

Notes: *P-value statistically significant negative correlation. The values repre
sent the Spearman correlation coefficient (rS) of the listed parameters and 
gain of ETDRS, its 95% confidence interval (95% CI) and the p-value of its test 
of significance. 
Abbreviations: RNFL, retinal nerve fiber layer; ETDRS, Early Treatment 
Diabetic Retinopathy Study chart; NV, normative values; G, global; T, tem
poral; TS, temporo-superior; TI, temporo-inferior; N, nasal; NS, naso- 
superior; and NI, naso-inferior.

Table 8 Analysis of Relationship Between Gain of ETDRS 
(Difference After-Before Procedure) and Difference Between 
Preoperative GCL and BMO-MRW and Normative Values (All 
Segments, NV – Before Procedure), n = 48 Eyes

rS (95% CI) p

Difference GCL (NV-before)

G 0.35 (0.04; 0.60) 0.015*

TS 0.33 (0.04; 0.59) 0.022*
S 0.35 (0.05; 0.60) 0.014*

NS 0.37 (0.07; 0.62) 0.009*

NI 0.37 (0.08; 0.63) 0.009*
I 0.35 (0.07; 0.58) 0.014*

TI 0.33 (0.04; 0.57) 0.021*

(Continued)
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GCL
The statistically significant preoperative reduction in GCL across all quadrants in our data matches previous findings in 
the literature.21 We found a study that similarly reports postoperative GCL decline.11

RNFL versus GCL
Views on the interrelationship between RNFL and GCL are evolving and should always consider the underlying disease. 
It appears that in pituitary adenomas, GCL tends to atrophy more aggressively than RNFL. We did not find 
a corresponding report in the literature supporting this observation. However, this may simply reflect insufficient follow- 
up duration, which could fail to capture gradual RNFL atrophy similar to GCL.

BMO-MRW
Several studies have investigated BMO-MRW in relation to non-glaucomatous optic neuropathies.7,22,23 However, to the 
best of our knowledge, no work has assessed BMO-MRW in the context of pituitary adenomas. Our findings show that 
preoperative BMO-MRW thinning in temporal and nasal sectors follows a similar trend as RNFL changes and reflects the 
“band atrophy” pattern described in lesions compressing the chiasm.24 In our data, preoperative BMO-MRW thinning 
correlates with RNFL thinning in temporal and nasal sectors. Correlation with GCL sectors, however, was observed only 
nasally. Postoperative BMO-MRW decline mirrors RNFL and GCL changes, but again GCL correlation is limited to 
nasal sectors. While BMO-MRW is an established marker in glaucomatous neuropathy, its role in non-glaucomatous 
optic neuropathies is growing.7 It has already been shown that BMO-MRW does not significantly change in RNFL 
atrophy caused by non-arteritic ischemic optic neuropathy.25 To date, it remains unclear how BMO-MRW behaves in 
compressive lesions of the prechiasmal and chiasmal optic pathway. Some studies report no significant correlation 
between RNFL and BMO-MRW in these cases.23 In our opinion, the value of BMO-MRW may lie in its ability to 
capture remodeling of the optic disc after RNFL loss, providing a kind of 3D perception of the optic disc. Its specific 
clinical applications, however, require further study. We refined the interpretation of BMO-MRW with respect to sex and 
age, and the analysis showed that neither sex nor age acted as a confounding variable.

We attribute the observed postoperative decline in RNFL, GCL, and BMO-MRW to residual post-compressive 
neurodegeneration continuing as part of the healing process after surgery. We consider the minor positive deviations 
of RNFL, GCL, and BMO-MRW relative to the normative database to reflect the broader physiological variability of 
these parameters. Nevertheless, for the comparison with the normative database we found it more appropriate in this pilot 
study to use a two-sided one-sample Wilcoxon test rather than a one-sided test.

Table 8 (Continued). 

rS (95% CI) p

Difference BMO-MRW (NV-before)

G 0.07 (−0.20; 0.33) 0.614
T 0.24 (−0.01; 0.46) 0.099

TS 0.28 (−0.01; 0.53) 0.054

TI 0.06 (−0.23; 0.33) 0.700
N −0.02 (−0.31; 0.27) 0.872

NS 0.00 (−0.28; 0.26) 0.985

NI 0.00 (−0.29; 0.29) 0.979

Notes: *P-value statistically significant negative correlation. The values represent 
the Spearman correlation coefficient (rS) of the listed parameters and gain of 
ETDRS, its 95% confidence interval (95% CI) and the p-value of its test of 
significance. 
Abbreviations: GCL-ganglion cell layer; BMO-MRW-Bruch’s membrane opening- 
minimum rim width; NV, normative values; for GCL: G, global; TS, temporo, 
superior; S, superior; NS, naso, superior; NI, naso, inferior; I, inferior; TI, temporo 
inferior; for BMO, MRW: G, global; T, temporal; TS, temporo superior; TI, 
temporo inferior; N, nasal; NS, naso superior; and NI, naso inferior.
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Visual Functions
In this study, BCVA was assessed using ETDRS optotypes. Only one study was found in the literature using ETDRS to 
assess vision in patients with pituitary adenomas.15 We observed a statistically significant improvement in BCVA after 
surgery, which aligns with published findings.4 We believe that our use of actual ETDRS chart reading provides greater 
accuracy compared to studies relying on converted decimal values. Our analysis showed that visual improvement 
(ETDRS) does not significantly correlate with greater or lesser RNFL decline over time—except in the TS sector of 
the 4.7 mm circle, where a negative correlation between RNFL decline and vision gain was observed. Similar findings 
have been reported by other authors.26 We also demonstrated that lower preoperative RNFL values, particularly in the 
temporal quadrants, are associated with greater visual improvement postoperatively. This negative correlation has already 
been described.10 This knowledge supports performing surgery even when optic nerve head atrophy is already present. 
The correlation between visual functions and temporal RNFL sectors is mentioned in multiple studies.18 Our data showed 
no significant correlation between BCVA improvement and the magnitude of GCL decline over time. At least one study 
indirectly supports this conclusion.27 However, we did find a negative correlation between preoperative GCL values and 
postoperative vision gain. A direct correlation of this nature has not been documented in the current body of literature, to 
the best of our knowledge. Generally, there is a strong traditional reliance on perimetry as the gold standard for assessing 
visual function in pituitary adenomas. While visual field testing provides valuable information, it can be affected by 
patient cooperation, which often reduces test validity. In contrast, vision gain following decompression of the visual 
pathway may reflect rapid postoperative axoplasmic transport improvement—even when GCL and RNFL values are low 
—explaining significant vision gains despite advanced thinning.26 In our study, the negative correlation between RNFL 
and GCL deviations from normative values and postoperative visual gain was significant primarily in temporal sectors 
for RNFL and in both temporal and nasal sectors for GCL. Conversely, no such negative correlation was found between 
preoperative BMO-MRW and vision gain. Analysis showed that BCVA improvement did not significantly correlate with 
greater or lesser BMO-MRW decline over time.

The major strength of our study is its prospective design and the assessment of the BMO-MRW parameter with 
accompanying auxiliary data (age, sex). According to our literature review, this is the first study to explore the 
relationship between pituitary adenomas and the BMO-MRW parameter.

Our study has several limitations. First is the small sample size and limited number of parameter measurements (due 
to a shorter follow-up), which constrain more robust statistical analyses, especially regarding inter-parameter relation
ships. Acute postoperative measurements were not included, as their interpretation could be confounded by the healing 
process. Additionally, perimetric testing was excluded due to technical issues with data export and the heterogeneity of 
results, which made them unsuitable for statistical analysis.

Conclusion
In our prospective study, we confirmed that the compressive nature of pituitary adenomas leads to dominantly negative 
deviations in RNFL, GCL, and, newly, in BMO-MRW parameters compared to the normative database. We ascribe the 
significant decline in these values after uncomplicated surgery to residual neurodegeneration occurring as part of the 
postoperative healing process. However, this decline does not appear to have a substantial impact on postoperative visual 
acuity, which in most cases improved beyond preoperative levels. We also demonstrated a statistically significant negative 
correlation between preoperative levels of RNFL and GCL and postoperative visual improvement, which has important 
clinical implications. We demonstrated that the BMO-MRW parameter is a solid marker of compressive neuropathy, though 
the pathophysiology is still not clear. Our data also suggest a potential relationship between RNFL, GCL, and BMO-MRW, 
although further studies are necessary to accurately describe these associations over longer follow-up periods.
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