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Abstract
BACKGROUND
[bookmark: OLE_LINK2]Pitt-Hopkins syndrome (PTHS; MIM #610954) is a rare genetic neurological disorder. Myopia and strabismus have been reported in approximately 50% of PTHS patients. No studies have reported details about the required surgery for PTHS with strabismus and early-onset myopia. Here, we retrospectively reviewed the surgical management of two patients with PTHS combined with strabismus and/or early-onset myopia.

CASE SUMMARY
[bookmark: OLE_LINK1][bookmark: OLE_LINK3]A 5-year-old girl presented with congenital esotropia and left eye myopia, and the second girl was a 5-year-old girl who presented with intermittent exotropia. Genetic testing performed on both patients showed a mutation in transcription factor 4, which is a diagnostic marker of PTHS. The first girl underwent bilateral medial rectus recession combined with posterior scleral reinforcement (PSR) in the left eye and the second patient underwent bilateral lateral rectus recession strabismus surgery. We made key innovations in surgical timing and strategy, and the results were satisfactory. The combination of strabismus and PSR surgery is an innovative strategy for patients with both strabismus and early-onset myopia.

CONCLUSION
Early treatment of strabismus and myopia positively influence motor development and should be included in rehabilitation programs for patients with PTHS.
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Core Tip: Ophthalmic conditions and surgical outcomes were observed in two children with Pitt-Hopkins syndrome (PTHS). We made key innovations in surgical timing and strategy, and the results were satisfactory. The combination of strabismus and posterior scleral reinforcement surgery is an innovative strategy for patients with both strabismus and early-onset myopia. Furthermore, early diagnosis and treatment of strabismus and myopia positively influence motor development and have, therefore, been included in rehabilitation programs for patients with PTHS. Overall, this study laid the groundwork for future surgical treatment of PTHS associated with strabismus and early-onset myopia.

INTRODUCTION
Pitt-Hopkins syndrome (PTHS; MIM #610954) is a rare, genetic, neurological disorder first described by Australian physicians Pitt and Hopkins[1] in 1978 and Zollino et al[2] in 2019. Prevalence is estimated to be 1:225000–1:300000[2]. The phenotypic presentations most frequently observed in PTHS are developmental delay, intellectual disability, distinctive facial features, breathing pattern abnormalities, and high rates of autism spectrum disorder[3]. 
[bookmark: OLE_LINK5][bookmark: OLE_LINK4]PTHS is caused by a mutation in the transcription factor 4 (TCF4) gene (MIM #602272), a causative gene discovered in 2008[4]. The human TCF4 gene encodes a type I basic helix-loophelix which binds to E-box DNA sequences. It is located in the 18q21.2 region, containing 41 exons and spanning 437 kb[5]. TCF4 mutations play an essential role in the nervous system and have been linked to autism, schizophrenia, and PTHS in humans[6]. PTHS mutations are spontaneous and do not run in families[7,8].
[bookmark: OLE_LINK20]Myopia and strabismus have been reported in approximately 50% of patients[9]. Myopia is typically severe and usually occurs before 2 years of age[10]. Early-onset myopia is a relevant factor related to later development of high myopia. Hence, once diagnosis of PTHS has been confirmed, children should be referred to an ophthalmologist[2]. Posterior scleral reinforcement (PSR) is recognized as an effective strategy to slow axial length (AL) elongation and prevent high myopic complications[11]. Strabismus surgery is generally performed when conservative treatments are unsuccessful in aligning the eyes[12]. Surgical treatment of strabismus and/or early-onset myopia in patients with PTHS has not been previously described. This report documents our experience in managing two PTHS cases of PTHS with ocular abnormalities. 

CASE PRESENTATION
Chief complaints
Case 1: Esodeviation for 5 years and left eye myopia for 2 years.

Case 2: Exodeviation for 1 year.

History of present illness
Case 1: The patient presented with distinctive facial features (Figure 1A-C), drooling, stereotypic movements such as hand clapping and hand shaking, and episodic hyperventilation.

Case 2: The patient presented with distinctive facial features, breath-holding while awake, and severe constipation. The patient had intellectual disabilities which were confirmed by a child neurologist. 

History of past illness
Case 1: She was born at full term with a birth weight of 3150 g and a length of 49 cm. Apgar score was 10 at one and five minutes. No fetal complications were observed during pregnancy. She was unable to sit until she was 1-year-old. Walking ability was assessed at 4 years of age. Speech development was absent.

Case 2: The child was born at the 38th week (eutopic labor), with a birth weight of 3300 g and a length of 50 cm. Apgar score was 10 at one and five minutes. No fetal complications were observed during pregnancy.

Personal and family history
There was no remarkable personal or family history.

Physical examination
[bookmark: OLE_LINK25]Case 1: The patient did not cooperate in visual acuity or stereoacuity examinations. Cycloplegic refraction was +1.75 sph/-1.00 cyl/5° in the right eye and -3.75 sph/-2.25 cyl/5° in the left eye. AL measured with Intraocular Len Master was 23.13 and 25.70 mm in the right and left eyes, respectively. The primary alignment was +40 prism diopter (PD) esotropia with correction. The anterior segments were normal with clear lenses.

Case 2: Visual acuity was 20/40 in both eyes, and near-and distance-stereoacuity was lost. The cycloplegic refraction was +0.25 sph/-1.75 cyl/170° in the right eye and +0.25 sph/-1.75 cyl/15° in the left eye. The AL was 23.42 and 23.39 mm in the right and left eye, respectively. The primary position alignment was -50 PD of exotropia. The intraocular pressure was 17 mmHg in both eyes. The anterior segments were normal with clear lenses. 

Laboratory examinations
[bookmark: OLE_LINK10]Case 1: Genetic testing revealed a heterozygous variant (c.1146+3A>G/p.?) in the TCF4 gene. The patient did not cooperate in visual acuity or stereoacuity examinations. 

Case 2: Sequencing results indicated that c.1153C>T of TCF4 had a nonsense mutation, leading to early termination of protein translation (p. Arg385*), which was confirmed by Sanger sequencing (Figure 2). 

Imaging examinations
Case 1: Fundoscopy revealed slight tesselation in the left eye (Figure 1D).

Case 2: There were no abnormalities on fundus examination.

FINAL DIAGNOSIS
Case 1: PTHS with congenital esotropia and left eye myopia.

Case 2: PTHS with intermittent exotropia.

TREATMENT
[bookmark: OLE_LINK23][bookmark: OLE_LINK22]Case 1: To repair the strabismus and slow AL elongation to prevent high myopic complications, the patient underwent 5 mm of bilateral medial rectus recession (BMR) combined with PSR in the left eye.

[bookmark: OLE_LINK24]Case 2: The patient underwent 8 mm of bilateral lateral rectus recession (BLR) strabismus surgery to recover visual function and improve her appearance.

OUTCOME AND FOLLOW-UP
Case 1: Esotropia was significantly relieved on the day after surgery. Conjunctival congestion and edema were observed at an early postoperative stage, although both conditions were completely alleviated after 1 mo (Figure 3). No postoperative infection was observed during slit-lamp examination. No postoperative pathological signs were found in either eye during fundus examination performed at the 1 year postoperative follow-up.

Case 2: The patient’s exotropia was significantly relieved on the first postoperative day (Figure 4). At the 3 mo postoperative follow-up, her parents noticed that she presented with an improvement in walking and fine motor tasks; she also reported a significant improvement in stereoacuity.

DISCUSSION
[bookmark: OLE_LINK27]Variants of TCF4 in PTHS usually occur de novo, and empirical recurrence risk can be as high as 2%[2]. Myopia is a supportive feature of the diagnostic criteria for PTHS. In a previous study[2], myopia occurred in 52% of patients with PTHS, and strabismus was present in 44% of patients. One patient (case 1) had early-onset myopia. Consistent with previous literature, which states that strabismus occurs at a very high frequency, case 1 presented with strabismus (congenital esotropia type, unlike case 2, which presented with intermittent exotropia). Early-onset myopia may be related to the hapoinsufficiency of TCF4, causing increased AL, and resulting in myopia combined with rough and partially unpigmented eyes, as demonstrated in zebrafish and drosophila models[13,14]. Interestingly, although refractive errors and strabismus are ubiquitous in PTHS patients, other structural ocular abnormalities, including enophthalmia, small optic nerves, and macular degeneration are uncommon[2]. 
In this report, case 1 was diagnosed with congenital esotropia and left-eye myopia. Transient visual disturbances during the critical developmental period may be sufficient to impair normal binocular function. Restoring proper ocular alignment as soon as possible can help to improve fine motor development and other visual tasks. Patients with esotropia > 40 PD and a stable or increasing angle on at least two examinations, 2 or more weeks apart following full spectacle correction, are candidates for early surgery[12]. Additionally, case 1 was diagnosed with myopia in the left eye, given that early-onset severe myopia is a frequent clinical manifestation of PTHS, the AL of the patient’s left eye was 25.70 mm and much longer than the right, and the left fundoscopy revealed slight visibility of the large choroidal vessels. PSR was considered to slow AL elongation and prevent highly myopic complications. 
Both strabismus and PSR surgeries require conjunctival incision and extraocular muscle exposure, and they require a similar surgical approach. The surgeon covered the scleral buckle to the posterior pole, which corresponds to the peripheral macula, ensuring the therapeutic effect of the procedure and not affecting the recession or transposition of the extraocular muscle. In case 1, BMR combined with PSR was preferred because it avoided the need for a second surgery for postoperative adhesions, thereby reducing the patient’s expenses. It should be noted that acquired esotropia fixus is associated with high myopia[15]; therefore, the amount of recession would be 5–10 PD less than standard surgical numbers. For this child, we performed a 5 mm BMR for a target angle of +40 PD. Intraoperatively, the extraocular muscles were sufficiently exposed and the implanted material covered the posterior pole, which corresponded to the peripheral macula. This patient showed orthotropia in the primary position after combined surgery; therefore, presurgical planning was proven to be correct.
Case 2 was a patient with congenital exotropia, a rare condition that occurs in the first few weeks of life and frequently in stunted children. Typically, stereoscopic vision is preserved when exotropia is well-controlled, and the timing of surgical procedures is based on stereopsis and frequency of exotropia. Nonetheless, for patients with PTHS, we believe that stereopsis and exotropia frequency may not be the most reliable indicators of surgery. Owing to the common comorbidity of severe intellectual disability and speech impairment in children with PTHS, examinations can prove challenging. In these cases, we suggest early surgical interventions after confirming the type of strabismus and the angle of deviation to promote motor coordination ability and balance function recovery.
The two main options for surgical correction include BLR, unilateral lateral rectus recession, and medial rectus resection [16]. However, there is no perfect preoperative plan. Although both PTHS and Angelman syndrome are muscle tone abnormality disorders, no reports are available on exotropia surgery for PTHS. We selected lateral rectus weakening surgery as the major strategy, and BLR with surgical doses similar to standard exotropia surgery, as in our previous study on Angelman syndrome[17]. Eventually, the patient underwent an 8 mm BLR surgery and achieved stable ocular alignment. A limitation of our study was the small sample size owing to the low incidence rate of PTHS. Another important limitation was the need for further long-term follow-ups of outcomes.

CONCLUSION
Ophthalmic conditions and surgical outcomes were observed in two children with PTHS. To the best of our knowledge, this is the first report of strabismus and PSR surgery in patients with PTHS. We made key innovations in surgical timing and strategy, and the results were satisfactory. The combination of strabismus and PSR surgery is an innovative strategy for patients with both strabismus and early-onset myopia. Furthermore, early diagnosis and treatment of strabismus and myopia positively influence motor development and have, therefore, been included in rehabilitation programs for patients with PTHS. Overall, this study laid the groundwork for future surgical treatment of PTHS associated with strabismus and early-onset myopia.
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Figure Legends
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Figure 1 Image of patient 1. A-C: Facial abnormalities included narrow forehead, thickened helix, wide mouth and cupid bow upper lip; D: Fundus photos in both eyes of the patient, the left eye (oculus sinister) revealed a slight fundus tessellation. OD: Oculus dexter; OS: Oculus sinister.
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[bookmark: OLE_LINK7][bookmark: OLE_LINK6]Figure 2 Sanger sequencing showed a heterozygous nonsense mutation (c.1153C>T:p.R385* in exon 15) in the patient 2. Her parents were normal. Red arrows point to the mutant bases. TCF4: Transcription factor 4.

[image: ]
Figure 3 Pre-operative, one day post-operative and one month post-operative alignment of patient 1. A: Case 1 had +40 prism diopter in the primary position before the surgery; B and C: After bilateral medial rectus recession combined with posterior scleral reinforcement surgery, the patient’s esotropia was significantly relieved on the secondary day of surgery. Conjunctival congestion and edema were observed in this patient at an early stage, and both conditions were completely alleviated after 1 mo.

[image: ]
Figure 4 Pre-operative and one day post-operative alignment of patient 2. A: Case 2 had -50 prism diopter in the primary position before the surgery; B: After bilateral lateral rectus recession surgery, the patient’s exotropia was significantly relieved on the secondary day of surgery. 
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