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Purpose: To identify predictive factors for macular sensitivity and fixation stability following rhegmatogenous retinal detachment
(RRD) repair using MP-1 microperimeter.

Methods: Retrospective study of 66 eyes from 66 patients who underwent successful primary pars plana vitrectomy and had
postoperative microperimetry assessment.

Results: Median postoperative macular sensitivity was 12.9 decibels and median fixation stability was 81.5%. Median time between
RRD repair and microperimetry testing was 10.0 months. Initial visual acuity >20/200 was associated with higher postoperative
macular sensitivity (p=0.021) and fixation stability (p=0.004). Attached macula at presentation was associated with better macular
sensitivity (p=0.041) and fixation stability (p=0.034). Gas tamponade resulted in superior outcomes compared to silicone oil for both
macular sensitivity (p=0.004) and fixation stability (p<0.001). Multivariate regression analysis identified gas tamponade as the most
significant predictor for better macular sensitivity (odds ratio = 5.53; 95% confidence interval [2.11-8.94]; p = 0.002). Significant
negative correlations were observed between preoperative logarithm of the minimum angle of resolution (LogMAR) visual acuity and
postoperative macular sensitivity (r=—0.253; p=0.043) and fixation stability (r=—0.408; p=0.001). Final LogMAR visual acuity was
negatively correlated with macular sensitivity (=—0.581; p<0.001) and fixation stability (r=—0.421; p<0.001).

Conclusion: Better initial visual acuity, attached macula at presentation, and gas tamponade are significant predictors for better
postoperative macular function after RRD repair.
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Introduction

Rhegmatogenous retinal detachment (RRD) occurs when liquefied vitreous passes through a retinal tear, separating the
neurosensory retina from the retinal pigment epithelium (RPE). This condition is an ocular emergency that demands
urgent surgical intervention to prevent permanent vision loss.'

Pars plana vitrectomy (PPV) followed by the use of either gas or silicone oil as an internal tamponade has become an
increasingly favored technique for managing RRD. It allows for the complete removal of the vitreous gel, relief of
vitreoretinal traction, and sealing of retinal breaks—essential steps to achieve successful reattachment, with anatomical
success rates exceeding 90%.>* However, achieving anatomical success does not always translate into functional
success, which remains difficult to predict. While visual acuity is typically the primary postoperative measure to assess
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visual outcomes, it does not fully capture the extent of functional recovery. Patients may continue to experience visual
disturbances such as paracentral scotomas, reduced contrast sensitivity, altered color vision, metamorphopsia, and
aniseikonia despite good visual acuity. These persistent functional deficits are thought to arise from underlying retinal
microstructural and cellular alterations, including photoreceptor damage, synaptic reorganization, and glial cell remodel-
ing, which may not fully recover despite successful anatomical reattachment.”>’

Microperimetry, also known as fundus-controlled perimetry, is a tool used to assess retinal sensitivity and fixation
stability across the macula and has emerged as a valuable method for evaluating functional recovery. By mapping
macular sensitivity at various loci and analyzing fixation stability with automated eye tracking, it provides a more
detailed assessment of visual function.® Several studies have utilized microperimetry to assess macular function
following RRD repair.>*'® Nevertheless, the factors that specifically influence macular sensitivity and fixation stability
after RRD repair remain underexplored. The aim of this study was to determine the pre-, intra-, and post-operative factors
that predict macular sensitivity and fixation stability after successful RRD repair, using microperimetry as the primary
assessment tool.

Patients and Methods

We retrospectively reviewed the medical records of patients who underwent successful RRD repair at King Abdulaziz
University Hospital, Riyadh, Saudi Arabia, from November 2008 to December 2023, and had postoperative micro-
perimetry testing. All patients underwent primary PPV, followed by the use of either gas or silicone oil as internal
tamponade. For all patients, microperimetry was performed after silicone oil removal or when gas resorption exceeded
60%. Also, postoperative microperimetry assessment was performed only for phakic patients without visually significant
cataract, for pseudophakic patients, or for aphakic patients after secondary intraocular lens (IOL) insertion. Patients with
postoperative media opacity, preoperative proliferative vitreoretinopathy (PVR) grade B or worse, optic nerve pathology,
retinochoroidal pathology involving the macula, prior vitreoretinal surgery, or insufficient follow-up were excluded.

Data collection included patient demographics (age, gender, eye laterality, history of trauma, and presence of
amblyopia), preoperative clinical characteristics (duration of symptoms, preoperative Snellen visual acuity, preoperative
lens status, extent of detachment, macular status, type of detachment, and characteristics of retinal breaks), surgical
details (techniques used, any intraoperative complications, and the type of tamponade agent applied), and postoperative
outcomes. Postoperative outcomes included best-corrected Snellen visual acuity (BCVA), intraocular pressure (IOP), slit-
lamp examination findings, dilated fundus examination results, optical coherence tomography (OCT) findings, micro-
perimetry results, and the time interval between RRD repair and microperimetry testing.

The study adhered to the ethical principles outlined in the Declaration of Helsinki and was reviewed and approved by the
Institutional Review Board of King Saud University (Decision No. 24/1290/IRB). All study subjects provided a written informed
consent for the surgical procedure. Permission was also obtained to use the collected data for research. Given the retrospective
design of the study and the use of de-identified patient data, the Institutional Review Board waived the requirement for patient
consent to review medical records. All patient data were handled confidentially and anonymized prior to analysis.

Operation Details

All surgeries were performed under general anesthesia by a single surgeon (A.M.A). In every case, a 2.5 mm-wide solid
silicone encircling band was circumferentially placed pre-equatorially to support the posterior margin of the vitreous
base. Pars plana lensectomy was performed in eyes with dense cataracts, while posterior capsulectomies were made using
a vitreous cutter in pseudophakic eyes to enhance visualization. All eyes underwent 3-port, 20-gauge pars plana
vitrectomy (PPV) to remove the vitreous gel and posterior hyaloid. Perfluorocarbon liquid (PFCL) was injected over
the posterior pole to drain subretinal fluid through retinal breaks, ensuring that the PFCL bubble remained posterior to the
breaks. The encircling band was adjusted as necessary to achieve adequate buckle height, facilitating thorough vitreous
base shaving. Meticulous vitreous removal was performed near the retinal breaks, and horseshoe break flaps were excised
to relieve traction. In cases where complete drainage through a posterior break was not feasible, an anterior retinotomy
near the ora serrata was performed. Chorioretinal adhesion was induced using indirect ophthalmoscope laser photo-
coagulation around all retinal breaks and extended 360 degrees in the peripheral retina along the vitreous base. After
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confirming the absence of iatrogenic breaks, a complete fluid-air exchange was performed. Internal tamponade was
achieved by injecting either 25% sulfur hexafluoride (SF6), 14% perfluoropropane (C3F8) gas—air mixtures, or silicone
oil into the vitreous cavity.

Microperimetry Technique

Microperimetry assessments were conducted using the MP-1 microperimetry system (Nidek Technologies, Padova, Italy)
with version 1.4.2 software. The system provided a 45-degree non-mydriatic fundus image and automatically compen-
sated for eye movements. Patients underwent dark adaptation for five minutes before testing and received a brief
orientation at the beginning of each follow-up test. For this study, specific testing criteria were applied: stimuli were
arranged in a radial grid pattern across the central 12 degrees, focusing on the fovea. The stimuli, similar in size to
Goldmann III, were projected for 200 milliseconds on a white background set to 4 apostilbs. A bright red cross (23
degrees in size) served as the fixation target, adjusted to the patient’s BCVA. A 4-2 double staircase strategy was
employed, along with automatic eye tracking to account for eye movements. Stimulus intensity ranged from 0 to 20
decibels (dB), and fixation stability was determined by the percentage of fixation points within a 2-degree diameter circle.
Figure 1 provides examples of MP-1 microperimetry results, showing numerical and color-coded data from two patients
with varying levels of macular sensitivity.

ation scale (dB)
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Figure | MP-1 microperimetry results from two patients included in this study with different levels of macular sensitivity, both with macula-off retinal detachment. The
color-coded numeric scale represents retinal sensitivity thresholds in 2 dB steps, ranging from 0 to 20 dB, with green indicating normal sensitivity and red denoting areas of
decreased sensitivity. The first patient, shown in the top row, had a preoperative visual acuity (VA) of 20/100 and a final VA of 20/30, with relatively good sensitivity.
Numerical microperimetry readings (top left) show a mean retinal sensitivity of 14.7 decibels, with a superior gas bubble visible but not covering the studied area. The color-
coded map (top right) shows mostly green to yellow areas, indicating good overall retinal sensitivity. The second patient, shown in the bottom row, had a preoperative VA of
counting fingers (CF) and a final VA of 20/60, with lower sensitivity and more significant defects. Numerical microperimetry readings (bottom left) show a mean retinal
sensitivity of | | decibels, with eight retinal loci in the superior macular area having a sensitivity of 0 decibels. The corresponding color-coded map (bottom right) displays red
defects in the superior macular area, aligning with the areas of 0 decibels in the numerical data.
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Statistical Methods

Data were collected, stored, and managed in a spreadsheet using Microsoft Excel 2010® software. Data were analyzed
and figures were prepared using SPSS®™ version 21.0 (IBM Inc., Chicago, Illinois, USA). Descriptive statistics were used
to summarize the demographic and clinical characteristics of the study population. Categorical variables (eg, gender,
macular status, and tamponade type) were presented as frequencies and percentages, while continuous variables (eg, age,
visual acuity in logarithm of the minimum angle of resolution [LogMAR], and macular sensitivity) were summarized as
medians and interquartile ranges (IQR) due to their non-normal distribution. Mann—Whitney U-tests were performed to
explore associations between predictive factors and postoperative macular sensitivity and fixation stability. Multivariate
regression analysis was performed to identify independent predictors of macular sensitivity recovery, adjusting for
covariates with p value less than 0.2 from the univariate analysis and these were: age, gender, initial visual acuity,
macular involvement, and tamponade type. Spearman correlation coefficient was used to evaluate the relationships
between preoperative visual acuity, final BCVA, mean macular sensitivity, and fixation stability. A p value of less than
0.05 was considered statistically significant for all analyses.

Results

A total of 66 eyes from 66 patients were included in the study. The median age of the cohort was 51.0 years (IQR
32.3-57.0), with 47 (71.2%) being male. The right eye (OD) was involved in 38 (57.6%) cases, and the left eye (OS) in
28 (42.4%) cases. Six (9.1%) patients had a history of trauma, and one (1.5%) patient had a history of amblyopia. The
median duration of symptoms prior to surgical intervention was 7 days (IQR 4.0-30.0).

Regarding preoperative lens status, 42 (63.6%) patients were phakic, 19 (28.8%) were pseudophakic, and 5 (7.8%) were
aphakic. Retinal detachments involved two quadrants in 40 (60.6%) patients, three quadrants in 10 (15.2%) patients, and all
four quadrants in 9 (13.6%) patients. Macular involvement was observed in 49 (74.2%) patients. Posterior vitreous
detachment (PVD)-related retinal breaks were present in 51 (77.3%) patients, while 15 (22.7%) patients had chronic
RRD caused by atrophic holes with attached posterior hyaloid. The retinal breaks were smaller than one clock hour in 54
(81.8%) eyes. The number of retinal breaks per patient was observed as follows: 34 (51.5%) patients had 1 break, 13
(19.7%) patients had 2 breaks, 7 (10.6%) patients had 3 breaks, and 12 (18.2%) patients had more than 3 breaks.

For internal tamponade, 42 (63.6%) patients received C3F8 gas, 13 (19.7%) received SF6 gas, and 11 (16.7%)
received silicone oil. The indications for using silicone oil in these 11 cases were as follows: giant retinal tear (GRT)
(n=3), multiple retinal breaks in different quadrants (n=4), hypotony with coexisting choroidal detachment (n=1), chronic
detachment with subluxated IOL (n=1), Marfan’s syndrome with dislocated crystalline lens (n=1), and a pregnant patient
with difficult positioning (n=1). Among these patients, the timing of silicone oil removal varied, with a median duration
of 6 months (IQR 4.0-10.0).

At the final follow-up, the median mean macular sensitivity was 12.9 dB (IQR 8.1-16.1), and the median fixation stability
was 81.5% (IQR 59.0-90.3). The median time between RRD repair and microperimetry testing was 10.0 months (IQR 2.0-25.5).

Factors Predicting Macular Sensitivity and Fixation Stability

Several factors were evaluated for their potential influence on postoperative macular sensitivity and fixation stability
(Table 1). Initial visual acuity showed a significant relationship with both outcomes. Patients with better initial visual
acuity (>20/200) had significantly higher median macular sensitivity (13.3 dB, IQR 10.1-15.4) compared to those with
worse visual acuity (<20/200), whose median sensitivity was 10.8 dB (IQR 2.8-13.6, p=0.021). Similarly, fixation
stability was better in patients with higher initial visual acuity (median 88%, IQR 73-93) compared to those with worse
visual acuity (median 69%, IQR 46-84, p=0.004).

Macular status also had a statistically significant impact on postoperative outcomes. Patients with macula-on RRD
had significantly higher macular sensitivity (median 13.3 dB, IQR 10.4-16.8) compared to those with macula-off
(median 11.9 dB, IQR 5.3-14.6, p=0.041). Fixation stability followed a similar trend, with patients with macula-
on showing better stability (median 87%, IQR 77-92) compared to those with macula-off (median 78%, IQR 55-90,
p=0.034).
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Table | Factors Influencing Mean Macular Sensitivity and Fixation Stability

Mean Macular Sensitivity | P Value | Fixation Stability (%), | P Value
(dB), Median (IQR) Median (IQR)
Gender
Female (n=19) 10.6 (7.4-14.7) 0.081 82 (59-91) 0.630
Male (n=47) 13.3 (9.47-17.1) 79 (59-90)
Age in years
<50 (n=31) 12.0 (5.9-15.2) 0.177 77 (57-86) 0.165
>50 (n=35) 13.9 (10.3-17.0) 86 (59-93)
Initial visual acuity
<20/200 (n=31) 10.8 (2.8-13.6) 0.021* 69 (46-84) 0.004*
220/200 (n=35) 13.3 (10.1-15.4) 88 (73-93)
Trauma
Yes (n=6) 49 (1.4-17.2) 0.181 7 (15-84) 0.129
No (n=60) 13.2 (9.0-16.0) 82 (59-91)
Duration of symptoms (days)
<7 (n=36) 13.2 (9.6-16.1) 0.541 84 (59-91) 0.524
>7 (n=30) 12.0 (5.7-16.1) 77 (59-90)
Macular status
Off (n=49) 11.9 (5.3-14.6) 0.041* 78 (55-90) 0.034*
On (n=17) 13.3 (10.4-16.8) 87 (77-92)
Number of breaks
I (n=34) 11.5 (7.9-16.5) 0.715 78 (55-89) 0.298
22 (n=32) 13.4 (10.7-15.8) 85 (59-93)
Quadrants involved
Superior (n=14) 11.9 (9.6-14.6) 0.312 89 (65-92) 0.120
Inferior (n=23) 14.2 (10.8-16.0) 84 (65-94)
Both (n=29) 11.9 (4.9-17.1) 77 (55-86)
Size of breaks
<1 Clock hour (n=54) 12.4 (8.1-16.3) 0.927 78 (59-90) 0.215
>| Clock hours (n=12) 13.6 (6.2-15.3) 87 (65-95)
Type of RRD
PVD related breaks (n=51) 13.0 (8.8-16.7) 0.603 82 (59-91) 0.387
Atrophic breaks with attached hyaloid (n=15) 12.0 (7.4-15.2) 76 (58-88)
(Continued)
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Table | (Continued).

Mean Macular Sensitivity | P Value | Fixation Stability (%), | P Value
(dB), Median (IQR) Median (IQR)
Extent of detachment
| Quadrant (n=7) 14.5 (11.0-17.5) 0.419 90 (59-97) 0.408
2 Quadrants (n=40) 12.9 (8.8-16.2) 82 (59-89)
23 Quadrants (n=19) 10.8 (5.5-14.8) 78 (54-91)
Type of tamponade
Gas (SF6, C3F8) (n=55) 13.3 (9.1-15.3) 0.004* 84 (69-91) <0.001*
Silicone oil (n=11) 5.9 (24-11.9) 46 (12-63)

Notes: *Statistically significant at 5% level of significance.
Abbreviations: C3F8, perfluoropropane; dB, decibels; IQR, interquartile range; PVD, posterior vitreous detachment; RRD, rhegmatogenous retinal
detachment; SF6, sulfur hexafluoride.

Table 2 Multivariate Analysis to Identify Predictors for
Macular Sensitivity

Variable OR [95% CI] P Value
Tamponade - Gas 5.53 [2.11-8.94] 0.002*
Initial visual acuity - 220/200 | 2.35 [-0.48-5.18] | 0.102
Gender - male 1.85 [-0.88—4.58] | 0.18I
Age in years - >50 1.55 [-0.94-4.03] | 0.218
Macular involvement - No 0.16 [-3.46-3.14] | 0.924

Notes: *Statistically significant at 5% level of significance.

The type of tamponade used during surgery was another significant factor. Patients who received gas tamponade (SF6
or C3F8) had significantly higher macular sensitivity (median 13.3 dB, IQR 9.1-15.3) compared to those who received
silicone oil (median 5.9 dB, IQR 2.4-11.9, p=0.004). Fixation stability was also significantly better in the gas group
(median 84%, IQR 69-91) compared to the silicone oil group (median 46%, IQR 12-63, p<0.001).

Multivariate logistic regression analysis was performed to identify the independent predictors of postoperative
macular sensitivity (Table 2). The type of tamponade was found to be the only independent predictor for postoperative
macular sensitivity. Gas tamponade was associated with a higher likelihood of better macular sensitivity compared to
silicone oil (odds ratio [OR] = 5.53, 95% confidence interval [CI] [2.11-8.94], p = 0.002). Initial visual acuity of > 20/
200 showed a trend toward better outcomes (OR = 2.35; 95% CI [-0.48-5.18]; p = 0.102), though it did not reach
statistical significance (Table 2).

Correlations Between Preoperative Visual Acuity, Final Visual Acuity, and
Microperimetry Findings

There were significant negative correlations between preoperative visual acuity (logMAR) and mean macular sensitivity
(r=—0.253, p=0.043) as well as fixation stability (r=—0.408, p=0.001) (Figure 2). Similarly, significant negative correla-
tions were observed between final BCVA (logMAR) and both mean macular sensitivity (r=—0.581, p<<0.001) and fixation
stability (r=—0.421, p<0.001) (Figure 3).
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Figure 2 Scatterplots showing the relationships between preoperative visual acuity (Pre-op VA), measured on the logarithm of the minimum angle of resolution (LogMAR)
scale, and two postoperative functional outcomes. The left plot illustrates the association with mean macular sensitivity (measured in decibels), while the right plot highlights

the association with fixation stability (measured as the percentage of fixation points within a 2-degree diameter circle). Both scatterplots reveal that better preoperative
visual acuity corresponds to higher macular sensitivity and improved fixation stability. *Statistically significant at 5% level of significance.
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Figure 3 Scatterplots illustrating the relationships between postoperative visual acuity (Post-op VA), measured on the logarithm of the minimum angle of resolution
(LogMAR) scale, and two postoperative functional outcomes. The left plot represents the association with mean macular sensitivity (in decibels), while the right plot
illustrates the association with fixation stability (measured as the percentage of fixation points within a 2-degree diameter circle). Both scatterplots demonstrate that better
postoperative visual acuity is associated with higher macular sensitivity and improved fixation stability. *Statistically significant at 5% level of significance.

Visual Acuity Improvement

A total of 43 (65.2%) eyes experienced an improvement in visual acuity following RRD repair. Visual acuity remained
the same in 16 (24.2%) eyes, while it deteriorated in 7 (10.6%) eyes. There was a statistically significant improvement in
visual acuity from baseline to the final follow-up, with a median reduction in logMAR BCVA from 1.3 (IQR 0.6-2.3)

(Snellen equivalent, 20/400) preoperatively to 0.48 (IQR 0.17-0.70) (Snellen equivalent, 20/60) postoperatively
(p<0.001).

Discussion

This study aimed to identify factors predicting macular function following successful RRD repair with primary pars
plana vitrectomy, using fundus microperimetry as the primary assessment tool. Our analysis identified three significant
predictors for improved postoperative macular function, including initial visual acuity of > 20/200, attached macula at
presentation, and the use of gas as a tamponade rather than silicone oil.
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The univariate analysis showed that better initial visual acuity is a significant predictor of better postoperative
macular function, including macular sensitivity and fixation stability. This finding aligns with previous studies, which
have identified initial visual acuity as a main predictive factor of visual outcomes following RRD repair.'” ?° This
correlation may be attributed to the fact that better initial visual acuity is often observed in cases of RRD with a lesser
extent of detachment or with macular sparing. Moreover, this is supported by our analysis, as cases with macula-on RRD
were significantly associated with better postoperative macular function.

Regarding type of internal tamponade, univariate analysis revealed that gas tamponade was found to be a significant
predictor for better postoperative macular sensitivity and fixation stability compared to silicone oil. On multivariate
logistic regression analysis, gas tamponade was identified to be an independent predictor for better outcomes. Scheerlinck
et al'® reported similar findings in their study of 40 eyes divided into gas and silicone oil groups for macula-on and
macula-off cases. Using microperimetry, they showed superior foveal sensitivity in eyes treated with gas tamponade,
regardless of macular status. However, their tamponade selection was not randomized, and silicone oil was more
frequently used in complex detachments, including cases with advanced PVR (grade C). This may explain the poorer
functional outcomes in their silicone oil group. In our study, eyes with PVR grade B or worse were excluded; however,
selection bias may still exist since silicone oil was used in more complex cases. In our view, randomizing tamponade
selection is challenging and often impractical, as the decision is largely based on the surgeon’s intraoperative judgment,
assessing the estimated risk of redetachment, future PVR formation, or the need for longer tamponade. This variability
may introduce some bias toward a worse outcome observed in the silicone oil group. Nevertheless, our findings of lower
macular sensitivity in the silicone oil group are supported by other studies. Dou et al'* found improvements in retinal
sensitivity and fixation stability after silicone oil removal in eyes with macula-off RRD. Their findings suggested that the
duration of silicone oil tamponade and the interval between retinal detachment and surgery were important predictors.
They found that prolonged tamponade is associated with impairment of macular function. Additionally, other studies
demonstrated silicone oil-related visual loss. It was proposed that visual loss related to silicone oil might result from
multiple factors, such as mechanical effects on the retina, subclinical retinal toxicity, and phototoxicity during oil
removal.”' >* Collectively, these findings suggest that silicone oil tamponade is associated with a worse macular function.

A key strength of this study is the use of microperimetry as an assessment tool, offering a detailed analysis of macular
function. Additionally, to the best of our knowledge, this is the first study to focus on multiple predictive factors for two
key macular functions following RRD repair—macular sensitivity and fixation stability—providing a comprehensive
approach to understanding the factors influencing postoperative macular recovery. However, the study has several
limitations. Its retrospective nature limits control over potential confounding factors, and the small sample size may
reduce the statistical power to detect significant associations and might affect the multivariate regression results.
Additionally, microperimetry assessments were not conducted at fixed intervals postoperatively due to the retrospective
nature of the study, which may introduce variability in the timing of functional outcomes. Also, as previously mentioned,
there may be selection bias between the use of gas and silicone oil tamponades, with silicone oil more frequently used in

complex detachments, which may have influenced the outcomes.

Conclusion

In conclusion, initial visual acuity, macular status, and tamponade type are significant predictors for postoperative
macular function following RRD repair using primary PPV. Gas tamponade appears to offer advantages over silicone
oil in enhancing functional recovery. However, selection bias may exist as silicone oil was used in more complex cases.
Future prospective studies with larger cohorts and standardized assessment protocols are needed to validate these findings
and further explore the role of microperimetry in long-term functional assessment after RRD repair.

Data Sharing Statement

De-identified data are available from the corresponding author (Ahmed M Abu El-Asrar) upon reasonable request.
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Ethics Statement

The study adhered to the ethical principles outlined in the Declaration of Helsinki and was reviewed and approved by the
Institutional Review Board of King Saud University (Decision No. 24/1290/IRB). All study subjects provided a written
informed consent for the surgical procedure. Permission was also obtained to use the collected data for research. Given
the retrospective design of the study and the use of de-identified patient data, the Institutional Review Board waived the
requirement for patient consent to review medical records. All patient data were handled confidentially and anonymized
prior to analysis.
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