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Purpose: To report the clinical and echographic features, the prevalence of retinal detachment (RD), and associated visual acuity in a cohort of pediatric patients with morning glory disc anomaly (MGDA).

Methods: This was a retrospective review of 249 pediatric patients with MGDA (271 eyes) seen at the Dept. of Ophthalmology, Xinhua Hospital. Their medical records were reviewed for demographic data and ocular and systemic findings. The maximal depth and width of the cavity were measured using standardized echographic images. The ratios of cavitary depth to axial length, cavitary depth to maximal cavitary width, and the product of cavitary depth and width were calculated and used to indicate the relative size of the excavation. The clinical and echographic findings were correlated with visual acuity and the occurrence of RD of the patient.

Results: The relative size of the excavation and the presence of RD were positively associated with increased risk of poor vision (p < 0.05). The presence of persistent fetal vasculature was not associated with the risk of RD and poor vision. The ratio of cavitary depth to axial length more than or equal to 0.25 conferred an increased risk of RD (OR, 2.101; 95% CI, 1.469–3.003).

Conclusions: Clinical and echographic features of MGDA may be used in predicting the risk of RD. Measuring the relative size of excavation via echography may guide the follow-ups and assist in the early diagnosis of RD.
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INTRODUCTION

Morning glory disc anomaly is a rare congenital cavitary anomaly of the optic disc, characterized by an enlarged and excavated optic disc with juxtapapillary chorioretinal pigment disturbance, radial retinal blood vessels, and a central white glial tuft. It was first named by Kindler in 1970 because of its resemblance to the morning glory (1). Its prevalence is ~3.6 per 100,000 children (2). The visual acuity of the affected children is usually poor, <0.1 of the decimal visual acuity. The exact pathogenesis of MGDA remains unknown but may be related to poor development of the posterior sclera and lamina cribrosa (3).

Patients with MGDA often have other abnormalities. Ocular complications, such as persistent fetal vasculature (PFV), cataracts, microphthalmia, and retinal detachment (RD), are frequently found in MGDA eyes. Systemic disorders, such as Aicardi syndrome, basal encephalocele, persisting embryonal infundibular recess, and other cerebrovascular anomalies, have been reported together with MGDA (2, 4–7). Eyes with MGDA and PFV have been well-described by Fei et al. (8), which showed a high occurrence of ocular complications. However, studies on visual prognosis of MGDA eyes with variable clinical features are rare.

About one-third of MGDA eyes had RD at diagnosis (9), which can follow an unpredictable clinical course of spontaneous attachment and re-detachment (10). Surgeries aimed to reattach the retina is challenging. Sometimes, multiple surgeries were needed, especially in eyes with advanced RD (11). Despite anatomical success, visual prognosis is always worse than before. Finding relative risk factors of RD is quite needed for surgeons to guide the follow-ups in children and diagnose the occurrence of RD earlier.

In the current study, we evaluated the excavation in a cohort of 271 MGDA eyes based on ocular echography using a method proposed by Venincasa et al. for ocular coloboma (12). The association between clinical and echographic features of MGDA and the risk of RD and visual prognosis were then analyzed. To the best of our knowledge, this is the first study that used echography to evaluate the prognosis of MGDA.



MATERIALS AND METHODS

This retrospective study was approved by the Institutional Review Board of the Xinhua Hospital affiliated to Shanghai Jiao Tong University School of Medicine. The study was conducted in compliance with the Declaration of Helsinki. A total of 249 patients diagnosed with “morning glory syndrome” or “morning glory disc anomaly” between July 2010 and August 2021 in the Department of Ophthalmology of Xinhua Hospital were included. The patients with optic nerve coloboma were excluded. Patient charts were reviewed and the data collected included: demographics, major symptoms (strabismus, nystagmus, leukocoria, smaller eye size, decreased vision, abnormal fundus presentation, and others), ultrasound measurement of maximal cavitary depth and width, presence of classic PFV and their types (anterior, posterior, and combined), visual acuity, presence of RD, other ocular conditions (microphthalmia, glaucoma, and cataract), and non-ocular conditions (developmental delay, intellectual disability, cleft lip, and cranial abnormalities, including Moyamoya disease, cerebral artery stenosis, callosal agenesis, and so forth). Although all the patients were asked to have cranial magnetic resonance imaging (MRI) and MR angiography (MRA) or computed tomography (CT) examinations, only 75 such reports were available.

When applicable, Snellen fraction and non-numerical visual acuity values were converted to a numerical form (logarithm of the minimum angle of resolution, logMAR), permitting statistical analysis. As described by Moussa et al. (13), “counting fingers” (CF) was equivalent to logMAR 2.1; “hand motion” (HM) was equivalent to logMAR 2.4; “light perception” (LP) was equivalent to logMAR 2.7; and “no light perception” (NLP) was equivalent to logMAR 3.0.

The echographic parameters were measured as described by Venincasa et al. (12). In brief, the parameters of the eye were measured with a portable ultrasound probe (mode: B scan, Aviso or CineScan, Quantel Medical, Clermont-Ferrand, France). The axial length, the maximal depth, and the maximal width of each excavation were measured to the nearest millimeter with calipers from the digital or printed images (Figures 1, 2). The axial length was defined as the linear distance between the anterior apex of the cornea and the margin of the excavation. When measuring the axial length, the depth of the cavity was not included (Figures 1, 2). The maximal cavitary depth was defined as the measurement between the apex and the base of the excavation. Given the variable morphology of the excavation, the volume was not calculated. Instead, the relative size of the excavation was represented by the following parameters: the ratio of cavitary depth to axial length, the ratio of cavitary depth to maximal cavitary width, and product of cavitary depth and width. Microphthalmia was defined as an eye with axial length less than 2 SD below the mean for that age (axial length < 16 mm at birth, < 19 mm at 1 year) (14). All parameters of each excavation were performed by the same technician.


[image: Figure 1]
FIGURE 1. One sample of echographic measurement with digital images. (A) Fundus image of one eye of morning glory disc anomaly (MGDA) with retinal detachment (RD). (B) The axial length (AL) was measured from the anterior apex of cornea to the anterior of retina close to the margin of excavation. (C) The maximal cavitary depth (C1-C1) and the maximal cavitary width (C2-C2) were measured at the maximal cross section of the excavation.
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FIGURE 2. Samples of echographic measurement with printed images. (A,B) One eye of morning glory disc anomaly (MGDA) without retinal detachment (RD). (C,D) One eye of MGDA with RD. Red line, axial length; blue line, maximal cavitary depth; yellow line, maximal cavitary width.


Statistical analyses were performed with SPSS 22.0 (SPSS, Inc., Chicago, IL, USA) statistical software. Student's T-test, Mann–Whitney U-test, and chi-square test were used to compare the numerical or categorical variables with the presence or lack of RD and visual acuity better or worse than 2/200 (logMAR 2.0). Cox regression was used in the analysis of risk factors for RD. A P-value of equal or less than 0.05 was considered as statistically significant.



RESULTS

A total of 271 MGDA eyes of 249 patients were included in this study. Bilateral MGDAs were present in 22/249 (8.8%) patients. The mean age at diagnosis was 30.3 ± 28.6 months (median = 22.1; range, 0.2–160.3 months); the mean age at last follow-up was 51.2 ± 33.2 months (median = 48; range, 2.3–182 months). The major symptoms at diagnosis included leukocoria (6%), esotropia (13%), exotropia (14%), smaller eye size (11%), decreased vision (15%), and nystagmus (6%). Patient demographics are shown in Table 1.


Table 1. Patient demographics.
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Other associated ocular and non-ocular abnormalities are presented in Table 2. Classic PFV (Figure 3) was found in 77 eyes (28% of total eyes), and microphthalmia was found in 42 eyes (15%). The most common secondary complication was cataract, which was found in 23 eyes (8%), followed by secondary glaucoma in three eyes (1%). Developmental delay was present in three patients and intellectual disability in one patient. Cranial MRI/MRA or CT examinations from 75 patients showed abnormalities in 8 patients, including Moyamoya disease in one patient, cerebral artery stenosis in three patients, callosal agenesis in one patient, arachnoid cyst in one patient, and pituitary dysplasia in two patients (Figure 4).


Table 2. Patient ocular and non-ocular anomalies.
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[image: Figure 3]
FIGURE 3. One patient with morning glory disc anomaly associated with combined persistent fetal vasculature (PFV). (A) The classic PFV with a prolonged ciliary process; (B) The MGDA excavated optic disc and residual cord rising from the disc to the posterior of the capsule after lensectomy and laser coagulation around the optic disc.
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FIGURE 4. Cranial MRI or MRA images of three patients with cranial abnormalities. (A,B) Coronal T2-weighted and sagittal T1-weighted images of one patient, who showed growth hormone deficiency, showing a thickened optic chiasm (a black arrow), an ectopic pituitary (a triangle), and abnormal pituitary stalk (a grey arrow). (C) Sagittal T2-weighted images of one patient showing the corpus callosum body agenesis. (D) Cranial MRA showing the narrowing of the left M1 MCA segment (an arrow).


Axial length, cavitary depth, and maximal cavitary width were measured based on digital or printed echographs (Figures 1, 2). The ratio of cavitary depth to axial length, cavitary depth to maximal cavitary width, and the product of cavitary depth and width were calculated and used as indicators of the relative size of the cavity. The average values of these parameters presented are listed in Table 3.


Table 3. Echographic characteristics of MGDA in this study (n = 271).
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Correlation Between Echographic Parameters and Poor Vision

Vision acuity was measured in 113 eyes (42%, Table 4). The rest of the eyes (158 eyes) had no data on vision acuity due to extremely young age of the affected patients (16.6 ± 15.9 months). Increased cavitary depth and the relative size of excavation, and the presence of RD were significantly associated with an increased risk of poor vision (all p < 0.05). Cavitary width, the product of cavitary depth and width, and the presence of PFV were not associated with the risk of poor vision. However, there was a trend toward increasing risk of poor vision with the presence of PFV (0.17 in eyes with VA of better than 2/200 vs. 0.25 in eyes with VA of worse than 2/200, P = 0.433).


Table 4. Best-corrected visual acuity (LogMAR) at follow-up.
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Correlation Between Echographic Parameters and RD

RD was present in 129/271 eyes (48%, Table 5). Increased cavitary depth, cavitary width, and relative size of excavation were all significantly associated with an increased risk of RD (all p < 0.05), and decreased axial length was significantly associated with an increased risk of RD (p < 0.05). The presence of PFV was not associated with RD (P = 0.656). Complete data on RD are shown in Table 5.


Table 5. Demographic, echographic, and structural characteristics of eyes with and without retinal detachment.
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Cox regression analysis was used to evaluate the risk factors of RD. Increased cavitary depth to the axial length ratio was associated with an increased risk of RD (P = 0.000). Further analysis showed that the cavitary depth to the axial length ratio of more than or equal to 0.25 was associated with an increased risk of RD compared to those with the ratio of less than 0.25 (OR, 2.101; 95% CI, 1.469–3.003) (Figure 5).


[image: Figure 5]
FIGURE 5. A Kaplan–Meier plot comparing risk of retinal detachment with cavitary depth/axial length more than or equal to, or less than 0.25 (P = 0.000). A Cox regression analysis, including cavitary depth, cavitary width, relative size of excavation (cavitary depth/axial length, cavitary depth/cavitary width, and product of cavitary depth and width), and the presence of PFV, is performed, and cavitary depth/axial length is the only statistically significant risk factor (P = 0.000).





DISCUSSION

The visual acuity in eyes with MGDA is generally poor. In the current study, 95/113 (84%) of the patients had visual acuity worse than 2/200 (counting fingers). Increased cavitary depth, relative size of excavation (the ratios of cavitary depth to axial length and cavitary depth to maximal cavitary width), and the presence of RD were significantly associated with an increased risk of poor vision. Cavitary width, product of cavitary depth and width, and the presence of PFV were not significantly associated with the risk of poor vision. Cranial abnormalities were not significantly associated with the clinical and echographic characteristics of MGDA (data not shown). One explanation is that this may be due to the limited number of patients. A larger scale of samples to define the associations better will be needed.

RD is one of the most common complications in eyes with MGDA and occurred in 129 (48%) of 271 eyes in this series. This is higher than a previous study, which reported 37% RD in eyes with MGDA (9). The higher percentage of RD observed in the current study could be partially due to the fact that this cohort of patients was collected in a tertiary referral center, which tended to treat patients with more severe and complicated conditions.

The surgical management of RD in eyes with MGDA is challenging. Rhegmatogenous RD is easier repaired than exudative RD, and the latter is easier to progress into total RD and re-detach after surgery (11, 15–17). In the current series, only three patients were diagnosed as rhegmatogenous RD, and the rest of RD eyes were exudative. Given the poor prognosis after surgery, only a small number of eyes underwent surgical intervention, and the remaining eyes were suggested regular follow-ups.

Thus, identifying relative risk factors of RD in MGDA eyes is needed for surgeons, particularly in the preverbal or minimally communicative children. The cavity produced at angential dragging force of retina around the disc and increased the risk of retinal brittleness. It is conceivable that the size and the shape of the cavity contribute to the risk of RD. In this study, we used the cavitary depth to axial length and cavitary depth to cavitary width ratios to represent the shape and the size of the cavity and found that the cavitary depth to the axial length ratio of more than or equal to 0.25 was associated with an increased risk of RD. This suggests that relative size of excavation in MGDA may prognosticate the risk of RD.

The pathogenesis of RD in MGDA has not been fully known. There are few reports about the components of RD in MGDA in large series. In previous reports, retinal breaks in MGDA may occur in the excavation and are difficult to be found (15, 18, 19). The traction of vitreous and preretinal glial tissues has been reported to be associated with the retinal breaks (18, 20). In this study, we hypothesized that deeper excavation with a sharper turn angle around the edge of the excavation would be subject to increased vitreoretinal traction and increased retinal breaks. Although the angle of edge along the excavation was not measured, size parameters of the excavation were measured in this study. The finding that cavitary depth to the axial length ratio of more than or equal to 0.25 was associated with an increased risk of RD via ultrasound supports this hypothesis. A prospective-design and higher-powered study would be warranted to confirm this finding.

It is worthwhile to mention that the presence of PFV was not significantly associated with poor vision and RD. In Venincasa's study, eyes with structural abnormalities may have worse vision or increased risk of RD (12). Although MGDA eyes with PFV have a higher incidence of complications (8), there was only an increasing trend toward the association between the presence of PFV and poor vision. Although we counted the numbers of the anterior, combined, and posterior types of PFV separately, the severity of proliferation was not evaluated. Thus, a prospective and higher-powered study about the association between the presence of PFV and RD would be required.

Some limitations of this study are that it was retrospective. Given the variable morphology of the excavation, volume of excavation was not calculated via a formula. The product of cavitary depth and width could not be equal to the volume. A multimodal approach such as three-dimensional reconstruction would be better to evaluate the morphology of the excavation. Besides, the examiners to produce the images were different in our ophthalmic center over a long period. Although the same examiner measured each excavation and axial length, some patients only had printed images available, while others had digital images. Furthermore, given the young population, assessments of visual acuity were acquired in just 42% of the eyes included.

To the best of our knowledge, this is the first report to analyze echographic measurements of MGDA eyes in a large cohort. We also correlated the echo parameters with the risk of poor vision and RD and found a more sensitive factor. MGDA with cavitary depth to the axial length ratio of more than or equal to 0.25 may have a higher risk of RD. Further clinical research will be required to confirm the effectiveness of echographic measurements to predict RD risk.
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