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Purpose: To analyze and predict the possibility of visual field (VF) recovery after
endoscopic transsphenoidal surgery (ETSS) in patients with pituitary adenoma, we
investigated the factors affecting the improvement of the visual field defect (VFD) and
built a nomogram predictive model based on these risk factors. We further
investigated specific recovery regions of VF associated with the improvement of VFD.

Methods: The clinical data of patients who underwent ETSS for pituitary adenomas
at a single center between the January 2021 and April 2022 were retrospectively
analyzed. Univariate and multivariate analyses were used to determine the
predictive factors affecting the improvement in the VF defect and specific
recovery regions in patients with pituitary adenomas after ETSS.

Results: We enrolled 28 patients (56 eyes) who were hospitalized at our institution.
Four clinical features, including compression of the optic chiasm, preoperative
mean defect (MD), diffuse defect, and duration of the visual symptom, were chosen
from the least absolute shrinkage and selection operator regression analysis to
establish the predictive nomogram. The nomogram’s area under the curve (AUC)
was 0.912, indicating a good degree of differentiation. A calibration plot was used
to evaluate the predictive model's calibration, and a decision curve was used to
evaluate its clinical application value. The VF defects were improved in the 270-
300° range (270-300: RR = 361.00, 95% CI: 21.01-6,202.41).

Conclusion: We developed a predictive nomogram model based on significant
visual field improvement-associated factors after ETSS in patients with pituitary
adenoma. Postoperative visual field improvement is likely to begin at 270-300° in
the inferior temporal quadrant. This improvement would enable personalized
counselling for individual patients by precisely predicting the visual field recovery
after surgery.
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1 Introduction

Pituitary tumors account for 10-15% of all diagnosed primary
intracranial lesions (1), and in 30-70% of cases, they cause chiasmal
compression and associated visual impairments (2, 3). Visual
symptoms result from compression and ischemia of the optic
chiasm. Visual field loss is the main symptom, ‘particularly
bitemporal hemianopia (4). The progression of a visual field defect
(VFD) changes from superior to inferior in the temporal hemifield
and from inferior to superior in the nasal hemifield (5). VFD and
decreased visual acuity are important indications for transsphenoidal
surgery for pituitary adenomas (6-9). A recent meta-analysis found
that VFD improved after endoscopic endonasal transsphenoidal
surgery (ETSS) in most patients with pituitary tumors, with a
prevalence rate of improvement of nearly 80.8% (10).The
microscopic transcranial approach is a useful strategy for about 1-
10% of large-to-giant pituitary adenomas. However, the risk of
postoperative visual outcomes worsening could be as high as 25%.
Subarachnoid space invasion identified by preoperative magnetic
resonance imaging was the only independent negative predictor for
visual function after transcranial surgery (11).

Although ETSS is an effective and safe treatment for patients with
VED, complete recovery from VFD is rare. Existing studies of visual
field (VF) recovery mainly analyzed the overall VF map and lacked
results for specific defective regions.

In addition, previous studies have focused on the factors
influencing postoperative visual field recovery, including the
duration of symptoms, the preoperative mean defect (MD), age,
retinal nerve fiber layer (RNFL) thickness, tumor volume,
suprasellar tumor extension, and expression levels of vascular
endothelial growth factor (VEGF)/Ki-67 (12-15).

To analyze and predict the possibility of VF recovery after ETSS in
patients with pituitary adenoma, we investigated the factors affecting the
improvement of VFD and developed a dynamic nomogram predictive
model based on these risk factors. We also studied the specific regions of
VEF recovery associated with the improvement of VFD.

2 Materials and methods
2.1 Patient population and study design

Patients with pituitary adenomas were identified by
histopathology and magnetic resonance imaging (MRI) at the First
Affiliated Hospital of Soochow University between January 2021 and
April 2022. All participants underwent pre- and postoperative
ophthalmic examinations, including visual acuity and visual field
measurements. The visual field map was divided into the superior
temporal region (0-90°), inferior temporal region (270-360°),
superior nasal region (90-180°), and inferior nasal regions (180-
270°). Each region was divided into three ranges (0-30°, 30-60°, 60—
90°, 90-120°, 120-150°, 150-180°, 180-210°, 210-240°, 240-270°,
270-300°, 300-330°, and 330-360°).

The inclusion criteria were as follows: (1) pituitary adenomas
identified by histopathological examination and MRI; (2) evidence of
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preoperative VF impairment; (3) endoscopic endonasal surgery; and
(4) totally resection identified by postoperative MRI.

Exclusion criteria were as follows: (1) patients without defects in
the preoperative visual field; (2) unavailable data or insufficient
ophthalmic examinations; (3) previous treatment for ocular lesions
and previous ocular surgery; (4) high myopia (>6 diopters); (5)
congenital eye disease; (6) glaucoma, any optic disc anomaly, and
macular disease.

2.2 Visual field testing

Static central visual field tests were performed using the Octopus
900 perimeter (Haag-Streit Inc., Koeniz, Switzerland). Standard
automated perimetry was performed using tendency-oriented
perimetry (G-TOP) strategy, which examined 59 testing points
within 30° of the central visual field using Goldmann III stimuli
with a stimulus duration of 100 ms under a background luminance of
31.4 asb (10/cd/m?). The tests were performed under low-light
conditions. During the testing session, the better eye was tested
first, and the non-examined eye of the patient was covered by an
occluded white eye. Seven-in-one reports for each eye were collected,
and MD was recorded before and after the operation, which is a
promising way to measure quantitative outcomes (16).Healthy eyes
were defined as those with an MD less than 2 dB. And visual field
defect was defined as an Octopus perimetry MD higher than 2 dB.
The outcome of interest was the improvement in VFD after ETSS.
The diagnosis of improvement of VFD was defined based on MD
difference values higher than 1 dB. The diffuse defect is defined as the
average of the difference between the 20 and 27 percentile values of
the cumulative defect curve in relation to the 50 percentile value (17).

2.3 Data collection

We collected the following data on patients who underwent ETSS
for pituitary adenomas: patient basic information (age, sex, duration of
visual symptoms); tumor characteristics (tumor maximum diameter
identified by MRI, tumor texture, categorized as not hard (easily or
difficultily removed by suction), or hard (not removable by suction and
excised en bloc)) (18); radiological examination (optic chiasm
compression identified via MRI); visual field testing (diffuse defect or
not, preoperative MD); laboratory values on admission (Ki67, CD34,
EGFR, Mmp9, P53, neutrophil (><109/L), platelet (><109/ L), lymphocyte
(x10°/L), neutrophil-to-lymphocyte ratio (NLR), systemic immune-
inflammation index(SII)(x10°/L), and platelet-to-lymphocyte ratio
(PLR)); and outcome (the improvement of VED after ETSS).

2.4 Statistical analyses

All data were statistically analyzed using the R software version
4.2.0 (R Foundation for Statistical Computing, Vienna, Austria).
Frequency (percentages) was used for categorical variables, while
mean * standard deviation and median (interquartile range) were
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used for continuous variables. Nominal data were compared using the
Chi-squared or Fisher’s exact test. For comparisons among these
groups, ANOVA and Mann-Whitney U-tests were performed
depending on the mode of data distribution.

The least absolute shrinkage and selection operator (LASSO)
regression method is a shrinkage method that can actively select from
alarge and potentially multicollinear set of variables in the regression and
can result in a more relevant and interpretable set of predictors (19). This
method can reduce the size of the coefficients of the independent
variables according to their predictive power. Variables were selected
to identify the optimum combination of variables that could predict the
improvement of VFD in patients with pituitary tumors using the LASSO
regression model. During the LASSO analysis, the built-in function in R
produces two automatic A’s: one that minimizes the binomial deviance
and one representing the largest A that is still within one standard error of
the minimum binomial deviance. We opted for the largest A as it results
in a stricter penalty, allowing us to reduce the number of covariates even
further than the deviance-minimizing A.

Finally, after selecting the optimal combination of variables, a
dynamic nomogram (https://cerebralnomogram.shinyapps.io/
Pituitary_adenoma_IVFDnom/) was created. Next, the
discriminative ability of the nomogram was summarized using the
receiver operating characteristic curve. The uniformity between the
nomogram and the ideal observation was evaluated via the calibration
curve, and the calibration plots on the slope of the 45° line were
considered excellent models. A decision curve was used to evaluate
the clinical application of the nomogram. To research the differences
of the difficulty in the improvement of visual field defect among the
divided twelve ranges. Thus, we compare the improvement rate of
visual field defect in each ranges (dichotomous variables) using the
Mantel-Haenszel method via Revman software. A P>0.05 is defined as

significance difference.

3 Results

3.1 Baseline characteristics of the
patients included

The study finally enrolled a 28 patients (56 eyes) according to the
inclusion and exclusion criteria. (Figure 1). The characteristics of the
patients with pituitary tumors and patient's eyes included in our study
are summarized in Tables 1, 2.

3.2 LASSO regression analysis of factors
associated with the improvement of VFD in
patients with a pituitary tumor

Univariate Logistic regression analysis for improvement of visual
field defect of patients with pituitary tumor are summarized in Table 3.
LASSO regression was applied to filter the 21 variables across 56 eyes of
28 patients with a pituitary tumor. According to the A that is still within
one standard error of the minimum binomial deviance, four variables
(compression of the optic chiasm, preoperative MD, diffuse defect, and
duration of visual symptoms) were selected for further stepwise
analysis to make up the optimum model (Figures 2A, B).
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FIGURE 1
Flowchart of study participants.

3.3 Nomogram for the improvement of VFD
in patients with a pituitary tumor

Four clinical features were selected from the LASSO regression
analysis and further stepwise analysis to establish the predictive
nomogram, including compression of the optic chiasm, preoperative
MD, diftuse defect, and duration of visual symptoms. The nomogram
allowed for an estimation of the individual probability of improvement in
visual field defects in patients with pituitary tumors (Figure 2C). The
total number of points was calculated based on the four selected features.
By projecting the total points to the lower total points scale, we could
predict the probability of improving visual field defects in patients with

TABLE 1 Overview of patient characteristics.

Category (units) Overall patients
No. of patients 28
Age, mean(SD) 45.1 (14.7)

Male sex, n% 10 (35.71%)

Symptoms
diplopia 13 (46.43%)
headache 5 (17.86%)

irregular menstruation 5 (17.86%)

dizziness 3 (10.7%)
decreased sexual potency 2 (7.14%)
acral enlargement 2 (7.14%)
facial acne 2 (7.14%)
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TABLE 2 Baseline characteristics of eyes of patients included.

10.3389/fonc.2023.1108883

Variables Overall eyes Unimproved Improved P-value
Patients, n (%) 56 28 28
Male, n (%) 20 (35.7) 10 (35.7) 10 (35.7) 1.000
Age in years, median (IQR) 41.50(35.25, 53.25) 41.50 (37.50, 51.00) 44.50 (30.25, 62.00) 0.793
Symptom duration before surgery (months), median [IQR] 2.50 (0.00, 12.00) 10.50 (0.00, 24.00) 1.00 (0.00, 5.25) 0.042
Optic nerve compression, n (%) 36 (64.3) 13 (46.4) 23 (82.1) 0.012
Tumor maximum diameter, median [IQR] 20.00 (15.00, 29.25) 20.00 (14.50, 21.00) 25.00 (19.25, 33.50) 0.011
Hard tumor texture, n (%) 26 (46.4) 13 (46.4) 13 (46.4) 1.000
Diffuse defect, n (%) 30 (53.6) 9 (32.1) 21 (75.0) 0.003
Pre-operation MD, mean (SD) 7.39 (6.03) 527 (5.67) 9.51 (5.70) 0.007
Immunohistochemistry (IHC)
Ki-67, median [IQR] 3.00 (2.00, 4.25) 3.00 (3.00, 5.00) 3.00 (2.00, 4.00) 0.271
CD34, n (%) 48 (85.7) 26 (92.9) 22(78.6) 0.252
EGEFR, n (%) 18 (32.1) 13 (46.4) 5(17.9) 0.045
Mmp9, n (%) 16 (28.6) 10 (35.7) 6(21.4) 0.375
P53, n (%) 46 (82.1) 24 (85.7) 22 (78.6) 0.727
Admission Laboratory Values
Neutrophil (x10°/L), median (IQR) 3.55 (3.06, 4.06) 3.56 (2.97, 4.10) 3.55 (3.12, 3.95) 0.974
Lymphocyte (x10°/L), median (IQR) 1.91 (1.55, 2.40) 1.81 (1.57, 2.36) 2.10 (1.51, 2.41) 0.533
Platelet (x10°/L), median (IQR) 217.00 (187.75, 251.75) 218.00 (180.00, 257.50) 214.50 (197.50, 241.00) 0.844
NLR, median (IQR) 1.78 (1.32, 2.42) 1.80 (1.32, 2.43) 1.75 (1.31, 2.18) 0.555
PLR, median (IQR) 111.65 (97.57, 142.30) 113.67 (100.35, 155.83) 107.61 (87.63, 132.06) 0.325
SII index (x10°/L), median (IQR) 380.53 (316.18, 594.15) 430.61 (316.80, 625.87) 361.50 (314.30, 447.26) 0.325

pituitary tumors. We revealed the contribution of each factor to the
improvement of VED in patients with pituitary tumors. For example, the
frequency of improvement in VFD was 33% for pituitary tumor patients
with optic chiasm compression, a preoperative MD of 16, a diffuse defect,
and a 20-month duration of visual symptoms. Calculations were made as
follows: based on the location of each factor in the nomogram, 13 points
were given for “optic chiasm compression,” 20 for “preoperative MD 16,”
20 for “diffuse defect,” and 50 for “20-month.” By adding these points
together, we obtained 103 points, equivalent to a probability of
approximately 33% for the improvement of VED. Finally,a dynamic
nomogram was made. The dynamic nomogram may be obtained at
https://cerebralnomogram.shinyapps.io/Pituitary_adenoma_
IVFDnom/ .

3.4 Validation of a nomogram

The area under the curve (AUC) of the nomogram was 0.912,
indicating that the nomogram had a good degree of differentiation
(Figure 3A). The constructed calibration curve showed that the
nomogram had a good calibration in this study (Figure 3B). The
calibration curve in our study revealed a good degree of uniformity
between the likelihood of predicted improvement and unimproved
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eyes (Brier =0.106, S: p = 0.718, Emax = 0.124). Decision curve analysis
showed that the nomogram had good clinical application value and
could assist in clinical decision-making (Figure 3C).

3.5 Degrees of improvement in VFD based
on different visual ranges

Next, we performed a statistical analysis to determine the degree of
improvement of VFD among different visual ranges. As shown in the
supplementary material, we found more improved eyes than unimproved
eyes in the overall divided range (RR = 2.48, 95% CI: 1.77-3.48, p <
0.00001). The extent of improvement in eyes with a visual field defect was
higher in the range of 30-60° or 270-300° than in other ranges (30-60°:
RR = 99.25, 95% CI: 11.50-708.48; 270-300°: RR = 361.00, 95% CI:
21.01-6202.41), which means that a VFD in the range of 270-300° or 30—
60° is easier to recover than that in other ranges. (Figure 4).

3.6 Illustrative cases

Case 1 A 24-year old female was diagnosed with pituitary
adenoma and underwent ETSS, who presented with facial acne for

frontiersin.org
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TABLE 3 Univariate logistic regression analysis for improvement of visual field defect of patients with pituitary tumor.

Improvement of visual field defect

Unadjusted
Variables OR (95% Cl)
Male 5.578e-01 1.00 (0.33, 3.01) >0.9
Age in years 0.019 1.01 (0.98, 1.05) 0.542
Symptom duration before surgery (months) 0.044 0.88 (0.80, 0.95) 0.005
Optic nerve compression 0.622 5.31 (1.65, 19.5) 0.007
Tumor maximum diameter 0.030 1.07 (1.01, 1.14) 0.028
Hard tumor texture 5.359¢-01 1.00 (0.35, 2.88) >0.9
Diffuse defect 0.595 6.33 (2.06, 21.6) 0.002
Pre-operation MD 0.056 1.15 (1.04, 1.30) 0.013
Immunohistochemistry(IHC)
Ki-67 0.128 0.90 (0.69, 1.15) 0.387
CD34 0.866 0.28 (0.04, 1.37) 0.144
EGFR 0.622 0.25 (0.07, 0,81) 0.026
Mmp9 0.606 0.49 (0.14, 1.58) 0.241
P53 0.710 0.61 (0.14, 2.42) 0.488
Admission Laboratory Values
Neutrophil (x10°/L) 0.148 0.97 (0.72, 1.30) 0.833
Lymphocyte (x10°/L) 0.394 1.67 (0.80, 3.87) 0.194
Platelet (x10°/L) 5.180e-03 1.00 (0.99, 1.01) >0.9
NLR 0.176 0.80 (0.54, 1.11) 0.216
PLR 0.006 0.99 (0.98, 1.00) 0.169
SIT index (x10°/L) 0.001 1 0.311

5 months. Preoperative MRI revealed that tumor maximum diameter
was 6 millimeters, and the tumor was totally resection identified by
postoperative MRI (Figure 5, Case 1).

Case 2, A 48-year old female with no familial history, who
presented with headche and diplopia for 3 months, was admitted to
our hosptial. Preoperative MRI suggested that tumor maximum
diameter was 35 millimeters, and the tumor was totally resection
identified by postoperative MRI (Figure 5, Case 2). We chose the
endoscopic surgery for her. According to visual field maps (Figure 5,
Case 2), VF defects were improved in the 270-300°range of inferior
temporal quadrant. The VF defect of case 2 were obviously improved
than case 1. The patient of case 2 was with compression of the optic
chiasm, heavily diffuse defect, higher preoperative mean defect (MD)
andduration of the visual symptom, but case 1 not.

4 Discussion

A previous study suggested that VF recovery is associated with
many factors, including age, duration of symptoms or a visual
impairment, RNFL thickness, tumor volume, suprasellar tumor
extension, and expression levels of vascular endothelial growth
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factor (VEGF)/Ki-67. We developed a predictive model that
comprehensively integrates multiple parameters to predict visual
recovery after endoscopic surgery in patients with pituitary
adenoma. The compression of the optic chiasm, preoperative MD,
diffuse defects, and duration of visual symptoms were used to
construct the nomogram. The final nomogram showed an AUC of
0.912, indicating good calibration. The inferior temporal region (270-
360°) was the most significant recovery region of the VF after ETSS.

VF defects are a common symptom of pituitary adenomas,
especially early in the disease’s presentation. Patients with pituitary
tumors often visit the ophthalmology department first and not
neurosurgery. Patients with pituitary apoplexy require urgent
surgical resection, presenting with acute visual deterioration (7).
Surgery is an effective treatment for VF defects caused by pituitary
adenomas. There are two surgical approaches: endoscopic and
microsurgical. In this study, all patients accepted endoscopic
transsphenoidal surgery (ETSS).

Several mechanisms underlie VF defects. Direct compression of
the optic chiasm can be seen in MRI images of patients with pituitary
macroadenomas. This generally results in temporal or bitemporal
hemianopia. With disease progression, visual field loss of the nasal
pattern can be involved, implying that nasal retinal fibers are
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FIGURE 4

Degree of Improvement of visual field defect based on different visual range. As shown in the supplementary material, we found more improved eyes
than unimproved eyes in the overall divided range (RR = 2.48, 95% Cl: 1.77-3.48, p < 0.00001). The extent of improvement in eyes with a visual field
defect was higher in the range of 30-60° or 270-300° than in other ranges (30-60°: RR = 99.25, 95% Cl: 11.50-708.48; 270-300°: RR = 361.00, 95%
Cl: 21.01-6202.41), which means that a VFD in the range of 270-300° or 30-60° is easier to recover than that in other ranges.

preferentially damaged more than the temporal retinal fibers (20).
Some scholars have focused on the blood supply system of the optic
chiasm. The microcirculation in the median chiasma is weak, causing
bitemporal hemianopia. This mechanism also provides evidence that
the temporal VF can be preserved due to the lateral chiasma arteries.
In addition, although there is no direct compression of the pituitary
microadenoma, as demonstrated by MRI, bitemporal hemianopia can
be found. “Shunt-flow” (stealing blood) in pituitary microadenomas
results in the ischemia of the optic chiasma (21, 22).

In our study, the most significant recovery region of VF after
ETSS was in the inferior temporal region (270-360°). A previous
study demonstrated that the temporal visual field improved earlier
than the nasal visual field and that the inferior temporal quadrant had
the greatest relative improvement (23, 24). Improvement in the
temporal hemifield was already evident after ETSS (23, 24). The
VED starts from the superior temporal quadrant, which is consistent
with the rule that nerve fibers below the optic chiasm are compressed
first (20). The postoperative improvement in the visual field was in
reverse order of the previous damage, which may be related to the
relief of compression after the resection of the pituitary tumor.

The present study demonstrated the correlation of VF recovery with
the duration of visual symptoms, optic nerve compression, preoperative
MD, and diffuse defects. An inverse correlation was found between
symptom duration and postoperative visual field recovery. A previous
study suggested that patients with visual symptoms of <1-year duration
had better visual outcomes (25). Visual symptoms were caused by
compression and ischemia of the optic chiasm. The prolonged visual
symptoms may suggest a longer duration of compression and ischemia.
This causes irreversible damage to the optic chiasm and visual pathways,
which might affect VF recovery (12, 25).

Pituitary macroadenomas mostly affect the visual pathway and cause
visual field defects because they compress the optic chiasm. VF recovery
mainly depends on defects in the preoperative VF, which indirectly
indicates that optic chiasm compression may affect VF recovery
(26).Some studies have suggested that preoperative MD negatively
correlates with VF recovery (13). Furthermore, evidence supports that
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a higher MD value of preoperative VF is favorable for VF outcome (27).
Our study found that preoperative MD and optic chiasm compression
are associated with VF recovery. After tumor resection, compression of
the optic chiasm was relieved in patients with a higher preoperative MD.
Most patients with obvious preoperative VF defects have good VF
outcomes. However, for patients with severe preoperative VFD, the
postoperative VF was difficult to improve even after surgical treatment
due to irreversible changes caused by long-term compression of the optic
chiasm. Otherwise, tumor apoplexy will further aggravate compression
of the optic chiasm in the short term, causing severe visual field defects.
These patients require early surgical treatment to reduce the risk of
irreversible VF impairment. Studies have shown that patients with
hemorrhagic pituitary apoplexy require early neurosurgical
intervention within 48 hours (28).

Diffuse defects suggest a wide range of VF defects. In this study,
most patients with diffuse defects had significant VF recovery after
surgical treatment. Although transsphenoidal surgery is an effective
treatment, patients with severe preoperative optic chiasm
compression or ischemia cannot recover from visual impairment.

Contradictory findings regarding tumor maximum diameter have
been reported in the literature. Some studies have shown that tumor
maximum diameter can be used as a predictor of postoperative visual
outcomes (4, 29). When the tumor maximum diameter is <36.5 mm,
better visual field outcomes will be achieved after surgery (25).
Among patients with adenomas with a mean diameter size >36.5
mm, postoperative visual field recovery was difficult after ETSS and
even after further deterioration. This may be associated with severe
compression of the optic chiasm by a macroadenoma, resulting in
irreversible mechanical damage to the optic chiasm and the visual
pathway. Other studies found no correlation between VF recovery
and tumor volume (27). In addition, suprasellar extension (SSE) of
the PA is a predictor of visual outcome after ETSS (25, 27). SSE was
likely to reflect the severity of optic chiasm compression or ischemia
(30). The correlation between VF recovery and tumor maximum
diameter should be considered to assess the severity of the
preoperative visual impairment.
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Results of visual field and pituitary MRIs of illustrative cases. Case 1 A 24-year old female was diagnosed with pituitary adenoma and underwent ETSS,
who presented with facial acne for 5 months. Preoperative MRI revealed that tumor maximum diameter was 6 millimeters, and the tumor was totally
resection identified by postoperative MRI (Figure 5, Case 1). Case 2, A 48-year old female with no familial history, who presented with headche and
diplopia for 3 months, was admitted to our hosptial. Preoperative MRI suggested that tumor maximum diameter was 35 millimeters, and the tumor was
totally resection identified by postoperative MRI (Figure 5, Case 2). We chose the endoscopic surgery for her. According to visual field maps (Figure 5,
Case 2), VF defects were improved in the 270-300°range of inferior temporal quadrant. The VF defect of case 2 were obviously improved than case 1.
The patient of case 2 was with compression of the optic chiasm, diffuse defect, higher preoperative mean defect (MD) and duration of the visual

symptom, but case 1 not

Few studies have examined the effects of histopathology and
immunohistochemistry on visual field recovery. Some studies have
suggested that visual field recovery is associated with low expression of
VEGF/Ki67 (13). Our study found a significant relationship between
VF recovery and low EGFR expression in tumor tissues, but not Ki67
expression. Ki67/EGFR is important for tumor angiogenesis. The
relationship between VF recovery and the Ki67/EGFR ratio requires
further validation in the field of molecular biology.

In addition, no other significant factors were found in our study,
including age, sex, tumor texture, SII index, P53, CD34, and MMP9.
There are contradictory results regarding age. One study suggested
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that a younger age of onset is more likely to be beneficial for visual
field deficit improvement (31). The blood supply to the
optochiasmatic system is enriched in young patients. Blood flow
plays a critical role in VF recovery by nourishing the optic chiasm and
the visual pathways. Most elderly patients believe that visual
dysfunction is related to presbyopia. They are insensitive to visual
impairment and delayed treatment, resulting in the longer optic nerve
and optic chiasm compression and a reduced possibility of visual
field recovery.

Our study has some limitations. The small number of patients was
the main limitation, and the results need to be confirmed in an
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extended study population. In addition, there were no data on visual
acuity for some patients. Despite these limitations, the specific regions
and risk factors of VF recovery are not often published in the
literature, which is the novelty of this study.

In conclusion, we developed a predictive nomogram model based
on factors associated with significant visual field improvement after
ETSS in patients with pituitary adenoma. The duration of visual
symptoms, optic nerve compression, preoperative MD, and diffuse
defects were used as predictive variables. The postoperative
improvement in the visual field starts in the range of 270-300° in
the inferior temporal quadrant. This would allow tailored counseling
for individual patients by precisely predicting the visual field recovery
after surgery.
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