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Background: To investigate the risk factors for the development of consecutive exotropia (CXT) by comparing patients with spontaneous or postoperative CXT during follow-up with another group of patients who had no deviation or less than 10 prism dioptre (PD) esotropia.



Methods: In this retrospective cohort study, 6 patients with spontaneous CXT (group A), 13 patients with postoperative CXT (group B), and 39 patients with no exotropia (group C) were enrolled. Probable risk factors for CXT were evaluated among the groups. Kruskal-Wallis H test was used to determine if any significant differences were present among the groups. Fisher’s exact test or Mann-Whitney U test was used for univariate analyses to compare differences between case groups or between case and control groups. The Bonferroni method was used to conduct multiple comparisons.



Results: The follow-up period of spontaneous CXT patients was significantly longer than that of postoperative CXT and nonconsecutive exotropia patients (p = 0.035 and p < 0.001, respectively). The interval between alignment and CXT onset in spontaneous CXT patients was slightly longer than that in postoperative CXT patients, but not significantly difference (6.50 vs. 5.00 years, p = 0.072). Vertical deviation was associated with a high risk of postoperative CXT (p = 0.001). Most [38 (97.44%)] nonconsecutive exotropia patients had fusion; conversely, the absence of fusion function (p < 0.001) as well as stereoacuity (p = 0.029) were associated with a high risk of CXT.



Conclusion: Vertical deviation and poor binocular function are strongly associated with a high risk of CXT. Children with spontaneous CXT are highly recommended to be followed-up long-term, while they maintain long-term ocular alignment before developing consecutive exotropia from comitant esotropia (CE).
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1. Introduction

Consecutive exotropia (CXT) is an exodeviation that occurs in patients with a previous history of esotropia. The prevalence of CXT has been reported to range from 4% to 27% (1), but it is uncommon in clinical practice. It typically occurs after strabismus surgery for esotropia but can rarely occur spontaneously. Khaouam and Jampolsky (2) identified 12 cases of spontaneous CXT (0.4%) among 3,000 consecutive cases of strabismus. Romanchuk et al. (3) found that 7% of patients had spontaneous CXT in a cohort of 233 patients with a minimum of +5.00 dioptre spheres (DS) in the least hypermetropic eye. In previous studies, the prevalence of CXT increased with increased follow-up time; exodeviation can occur long-term after esodeviation treatment (1, 4).

Some studies have analysed CXT patients’ development to identify the possible risk factors for this disease. Suggested risk factors for postoperative CXT include an excessive amount of surgery, postoperative limitations of adduction, brain abnormalities, absence of fusion, amblyopia, and vertical incomitance (1, 5–7). Similar characteristic factors have also been linked with the development of spontaneous CXT (5, 8), including high hypermetropia, amblyopia, and absence of fusion. However, the mechanisms underlying the evolution towards exotropia are unclear. Because of the low prevalence of this condition, no previous reports have compared spontaneous with postoperative cases and identified the risk factors for CXT. The purpose of this study was to identify, in a cohort of CXT patients who were followed-up long-term, the risk factors for the development of CXT by comparing patients with spontaneous or postoperative CXT during follow-up with patients who had no deviation or less than 10 prism dioptre (PD) esotropia at the last visit.



2. Materials and methods

This study was conducted in accordance with the Declaration of Helsinki and was approved by the Ethics Committee of Peking University First Hospital (PKUFH 2022-537). Written informed consent was waived because of the use of retrospective data.

We retrospectively reviewed the medical records of patients who underwent surgery for consecutive exotropia from January 2019 to December 2021 and matched a group of patients who underwent surgery for comitant esotropia (CE) from January 2016 to January 2019. The inclusion criteria of the CXT group were as follows: consecutive exotropia, no previous strabismus surgery or only one previous CE surgery, and a follow-up period from CE onset. The inclusion criteria of the CE group were as follows: comitant esotropia, no previous strabismus surgery, and no deviation or less than 10 PD esotropia in a follow-up period of at least 2 years. The exclusion criteria were as follows: paralytic esotropia, ocular lesions, central nervous system defects, neurological or developmental disorders, and previous ophthalmic surgery.

We allocated the patients with spontaneous consecutive exotropia into group A, and the patients with postoperative consecutive exotropia into group B. The group C was composed of patients who had esotropia surgery during the same time frame as group B and did not develop consecutive exotropia.

Clinical data, including birth history, demographic characteristics, visual acuity, refraction, binocular vision and therapeutic measurements, were analysed. All patients underwent a full ophthalmological examination. Best corrected visual acuity was measured with a Snellen chart or Lea symbols chart depending on the age and level of cooperation. For comparison purposes and statistical analyses, acuity thresholds were converted to logMAR values. Amblyopia was defined as an interocular visual acuity difference of two lines or more. Instillation of 1% atropine was performed three times daily for 3 days prior to the day of cycloplegic refraction examination. The spherical equivalents (spherical error plus half the cylindrical component, SE) of the absolute refractive errors of both eyes were recorded. Hyperopia was considered significant when the degree of refractive error was >= 4.00 dioptre (D). Anisometropia was defined as a difference of 1.5 D or greater in refractive error between eyes. Prism and alternate cover tests or Krimsky tests were performed to measure the deviation at near and distance (33 cm and 6 m, respectively). Ocular motility was assessed by the same ophthalmologist (D.H.Z.). Binocular functions were assessed using the Worth four-dot test and Titmus stereotest (Stereo Optical, Chicago, IL, USA). A stereoacuity of 400 s of arc or better was defined as good.

Data analysis was performed by SPSS 23.0 (SPSS, Inc., Chicago, IL, USA). Continuous data are presented as median (range), and categorical data are presented as counts. Risk factors contributing to the development of consecutive exotropia were analysed. Kruskal-Wallis H test was used to determine if any significant differences were present among the groups. Fisher exact test or Mann-Whitney U test was used for univariate analyses to compare differences between case groups or between case and control groups. The Bonferroni method was used to conduct multiple comparisons. P values < 0.05 were considered to indicate statistical significance.



3. Results

Six patients with spontaneous consecutive exotropia (group A), 13 patients with postoperative consecutive exotropia (group B), and 39 patients with no exotropia (group C) were enrolled in this study. To determine the risk factors for spontaneous and postoperative CXT, we first aimed to determine any differences in the clinical characteristics of the patients. The patient demographic characteristics are described in Table 1. No statistically significant differences were found among the three groups in terms of sex, age, age at onset of esotropia, or birth history.


TABLE 1 Patient demographics and baseline data (n = 58).
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Table 2 shows the surgical characteristics of these three groups. There was no significant difference in the preoperative deviation before CE surgery, type of strabismus surgery, duration from onset to CE surgery, or follow-up period between the two groups of children who had maintained orthophoria (group C) and developed CXT after CE surgery (group B). There was no significant difference in preoperative deviation (both at near and at distance) between the two CXT groups, while group A had a longer follow-up time (p = 0.035) and slightly longer orthostatic time (p = 0.072) than group B.


TABLE 2 Surgical features of the patient groups (n = 58).
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3.1. Timeframe of CXT onset

The peaks of incidence for spontaneous and postoperative CXT appeared in our study at 5–10 years and at 1–5 years, respectively (Figure 1). The median interval between alignment and consecutive exotropia onset in group A (6.50 years) was slightly longer than that in group B (5.00 years) (p = 0.072, nonsignificant). Patients in group A had a longer alignment time in the longer follow-up period (10.50 years, p < 0.001).


[image: Figure 1]
FIGURE 1
Distribution of patients according to the interval between alignment and CXT onset. Shown is the percentage of patients for each time frame. CXT, consecutive exotropia.




3.2. Factors significantly associated with CXT

The presence of vertical deviation and binocular function were significantly associated with the onset of CXT (Table 3). Three (50.00%) patients in group A, 9 (69.23%) patients in group B, and 6 (15.38%) patients in group C had vertical deviation; there was a significant difference between groups B and C (p = 0.001). Fusion was observed in 2 (33.33%) patients in group A, 6 (46.15%) patients in group B, and 38 (97.44%) patients in group C; most patients in group C had fusion, and this proportion was significantly different from that of groups A and B (both p < 0.001). Good stereoacuity was defined as 400 s of arc or better and was observed in 2 (33.33%) patients in group A, 3 (23.08%) patients in group B, and 25 (64.10%) patients in group C. The percentage in group C was higher, although not significantly, than that in groups A and B (p = 0.597 and p = 0.066, respectively). The incidence of hyperopia in group A (33.33%) was higher than that in group B and C, but not significantly difference (p = 0.055).


TABLE 3 Risk factors for the patient groups (n = 58).
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3.3. Factors nonsignificantly associated with CXT

No significant observable postoperative limitations in extraocular movements were noted in any of the postoperative CXT patients. No statistically significant differences were found among the 3 groups in terms of the presence of anisometropia, amblyopia, or refractive error. Specifically, few patients had amblyopia, and the differences in its incidence among the 3 groups were not statistically significant (p = 0.815).




4. Discussion

This study identified some risk factors for the development of consecutive exotropia in a cohort of long-term follow-up patients. Our cohort of 58 patients suggested the importance of these characteristics, such as the presence of vertical deviation, lack of fusion, and absence of stereoacuity. Although a few prior observational studies have investigated spontaneous and postoperative CXT, to our knowledge, this is the first study to analyse the clinical features of CXT and compare them with those of controls.

In our study, 3 patients (50.00%) and 9 patients (69.23%) had vertical deviation in the spontaneous and postoperative CXT group, respectively, compared to 6 patients (15.38%) in the nonexotropia control group. In previous studies, vertical deviation, including dissociated vertical deviation (DVD) and oblique dysfunction, was identified as a risk factor in spontaneous and postoperative CXT. Han et al. (9) found that DVD was a risk factor for the development of CXT after esotropia-correcting surgery with an odds ratio of 5.26. They also reported that the presence of DVD was higher in patients with spontaneous CXT than in those in the nonexodeviation group (10). They ultimately suggested that DVD might trigger the development of CXT as a result of loss of macular and peripheral fusion and imperfect binocularity. Ceylan et al. (11) reported that 26.7% of the CXT group showed inferior oblique muscle overaction compared to 7.4% of the nonexotropic group. Oblique dysfunction leads to orthotropic instability and is not beneficial for long-term alignment, which may even accelerate the development of misalignment (12). Our results highlighted the strong influence of vertical deviation in affecting long-term alignment.

Several studies have considered a high degree of hyperopia a risk factor for the spontaneous development of CXT (13, 14). Patients with high hypermetropia develop spontaneous CXT due to reduced accommodative convergence (15). According to the study of Bryselbout et al. (16), hyperopia of 4.00 D or more was reported in 55% of postoperative CXT patients and was an independent factor related to the occurrence of CXT, although not significantly (p = 0.05). In the present study, the median SE refractive error in the spontaneous CXT group was +1.00 D in the right eyes and +2.00 D of the left eyes. There were no significant differences in the SE refractive error between the CXT group and the control group. The proportion of patients with hyperopia at least +4.00 D was higher in the spontaneous CXT group, but the difference was not statistically significant. Additionally, only a small number of patients, 2 in the spontaneous CXT group and 2 in the nonexotropix group, had a high degree of hyperopia, which may have influenced the results. Further studies with more patients are needed to better evaluate this claim.

As other studies have illustrated, binocular function promotes alignment stability after surgical treatment or refractive correction in the long term (15, 17–19), and better binocular function translates into better eye position stability and less CXT (6, 13, 14). In this study, poor binocular function was a significant factor in the development of CXT. Long-term follow-up is highly recommended for CE patients whose fusion function has not recovered.

Our results show that the spontaneous CXT patients had a preoperative angle of deviation similar to that of postoperative patients, even with a much longer follow-up period. The interval between alignment and CXT onset in spontaneous CXT was longer than that in postoperative CXT patients. Many previous studies have suggested that the use of spectacles with reduced hyperopic correction may be considered a primary treatment for spontaneous CXT and may effectively correct exodeviation without the need for surgery (8, 10). In previous studies, 33%–98% of CXT patients showed complete resolution by reducing their hyperopic correction (4, 10, 15, 20). In this study, all 6 spontaneous CXT patients underwent strabismus surgery; additionally, they all chose hyperopic correction reduction as the first treatment and were able to maintain normal long-term ocular motility. This suggests that reducing hyperopic correction can delay strabismus surgery in spontaneous CXT patients, and they may need long-term follow-up.

This study does have several limitations. First, this was a retrospective study, and selection bias might have occurred. Because of the low prevalence, a group small sample size of patients was included in this study and the results had a high risk of a type II error. We need more data and further investigation. Second, this retrospective study was limited by incomplete data: we used the clinical distance–near relationship in the clinic and did not record the calculated accommodative convergence to accommodation (AC/A) ratio. Therefore, the role of the AC/A ratio in decompensation could not be evaluated. Third, we did not evaluate the patients for motor fusion. Further prospective studies are needed to investigate the association of the AC/A ratio and the effect of motor fusion on the results. Finally, the follow-up period was not uniform across all patients.



5. Conclusions

Exodeviation in patients using common treatments for CE can be observed, even though the patients showed successful ocular alignment after surgical treatment or refractive correction. This study shows that vertical deviation and poor binocular function are strongly associated with a high risk of CXT. Long-term follow-up is highly recommended for CE patients whose fusion function has not recovered after successful surgical alignment or full-correction spectacles. Children with spontaneous CXT maintain long-term ocular alignment, and their strabismus surgery may be appropriately delayed.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving human participants were reviewed and approved by the Ethics Committee of Peking University First Hospital (PKUFH 2022-537). Written informed consent to participate in this study was provided by the participants’ legal guardian/next of kin.



Author contributions

JW and DZ conceived the idea of the study. JW, RL and RL collected the data and performed data analyses. XL assisted in collation of the data and article writing. The manuscript was drafted by JW and critically revised by DZ. All authors contributed to the article and approved the submitted version.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Ganesh A, Pirouznia S, Ganguly SS, Fagerholm P, Lithander J. Consecutive exotropia after surgical treatment of childhood esotropia: a 40-year follow-up study. Acta Ophthalmol. (2011) 89:691–5. doi: 10.1111/j.1755-3768.2009.01791.x

2. Khaouam E, Jampolsky A. “Non-surgical consecutive exotropia”. In: Proceedings of IV Afro-Asian congress of ophthalmology; Beirut, Lebanon. (1968). p. 255–65.

3. Romanchuk KG, Kent JS, Dotchin SA, Zurevinsky JA. “Visual acuity, strabismus and binocularity in children with high hyperopia”. In: Transactions of the 31st meeting European strabimus association; Mykonos, Greece. (2007). p. 43–6.

4. Mohan K, Sharma A. Long-term treatment results of accommodative esotropia. J AAPOS. (2014) 18:261–5. doi: 10.1016/j.jaapos.2014.01.018

5. Oğuz V, Arvas S, Yolar M, Kizilkaya M, Tolun H. Consecutive exotropia following strabismus surgery. Ophthalmologica. (2002) 216:246–8. doi: 10.1159/000063850

6. Yurdakul NS, Ugurlu S. Analysis of risk factors for consecutive exotropia and review of the literature. J Pediatr Ophthalmol Strabismus. (2013) 50:268–73. doi: 10.3928/01913913-20130430-01

7. Calis F, Atilla H, Kiziltunc PB, Alay C. Brain abnormalities in infantile esotropia as predictor for consecutive exotropia. Strabismus. (2019) 27:199–204. doi: 10.1080/09273972.2019.1677729

8. Kim SH, Rah SH. Clinical characteristics of exodeviated patients with accomodative esotropia and hyperopia without strabismus. J Korean Ophthalmol Soc. (2015) 56:1921–5. doi: 10.3341/jkos.2015.56.12.1921

9. Han SY, Han J, Rhiu S, Lee JB, Han SH. Risk factors for consecutive exotropia after esotropia surgery. Jpn J Ophthalmol. (2016) 60:333–40. doi: 10.1007/s10384-016-0443-3

10. Shin DH, Choi CY, Han SY. Risk factors for spontaneous consecutive exotropia in children with refractive and nonrefractive accommodative esotropia. Jpn J Ophthalmol. (2020) 64:292–7. doi: 10.1007/s10384-020-00724-5

11. Ceylan OM, Gokce G, Mutlu FM, Uludag HA, Turk A, Altinsoy HI. Consecutive exotropia: risk factor analysis and management outcomes. Eur J Ophthalmol. (2014) 24:153–8. doi: 10.5301/ejo.5000344

12. Gong Q, Wei H, Zhou X, Li Z, Liu L. Risk factors analysis of consecutive exotropia: oblique muscle overaction may play an important role. Medicine. (2016) 95:e5644. doi: 10.1097/md.0000000000005644

13. Weir CR, Cleary M, Dutton GN. Spontaneous consecutive extropia in children with motor fusion. Br J Ophthalmol. (2001) 85:242–3. doi: 10.1136/bjo.85.2.238e

14. Senior JD, Chandna A, O'Connor AR. Spontaneous consecutive exotropia in childhood. Strabismus. (2009) 17:33–6. doi: 10.1080/09273970802678818

15. Berk AT, Koçak N, Ellidokuz H. Treatment outcomes in refractive accommodative esotropia. J AAPOS. (2004) 8:384–8. doi: 10.1016/j.jaapos.2004.02.001

16. Bryselbout S, Promelle V, Pracca F, Milazzo S. Clinical and surgical risk factors for consecutive exotropia. Eur J Ophthalmol. (2019) 29:33–7. doi: 10.1177/1120672118769787

17. Bradbury JA, Doran RM. Secondary exotropia: a retrospective analysis of matched cases. J Pediatr Ophthalmol Strabismus. (1993) 30:163–6. doi: 10.3928/0191-3913-19930501-08

18. Birch EE, Stager DR, Berry P, Leffler J. Stereopsis and long-term stability of alignment in esotropia. J AAPOS. (2004) 8:146–50. doi: 10.1016/j.jaapos.2003.10.003

19. Lennerstrand G. Strabismus and eye muscle function. Acta Ophthalmol Scand. (2007) 85:711–23. doi: 10.1111/j.1600-0420.2007.00853.x

20. Watanabe-Numata K, Hayasaka S, Watanabe K, Hayasaka Y, Kadoi C. Changes in deviation following correction of hyperopia in children with fully refractive accommodative esotropia. Ophthalmologica. (2000) 214:309–11. doi: 10.1159/000027511



OPS/images/fped-11-1186666-t001.jpg
Feature Group A | Group B | Group C

Patients () 6 13 39
Sex (male/female) 412 67 24015 0596
Age [median(range), 125 120 10.1 0.068"

years] (110~18.0) | (7.8~185) | (82~18.0)
Age at onset of CE 3.0 (1.0~3.0) 10 2.0 0.163°
[median(range), years] (0.17~40) | (0.17~5.0)

Birth history [1 (%)] 2(3333) | 3(308) | 5(28) | 038

Group A included patients with spontaneous consecutive exotropia. Group B
included patients with postoperative consecutive exotropia. Group C included
patients with no exotropia. N, number of patients; CE, comitant esotropia.
*Fisher exact test.

brruckal-Wallis 1 test





OPS/images/fped-11-1186666-t002.jpg
Feature

Preoperative deviation before CE surgery

Group A

(n=6)

Group B
(n=13)

Group C | p value
(n=39)

At near [median(range),
D]

3750
(20~55)

3000
(15~60)

At distance [median
(range), PD]

3750
(15~50)

25.00
(15~60)

“Type of strabismus surgery

‘Symmetrical surgery
[n (%))

3(23.08)

18 (46.15)

Asymmetrical surgery
()

10 (76.92)

21 (53.85)

Duration from onset to
CE surgery [median
(range), years]

267
(0.50~9.00)

325
(0.32~9.10)

deviation before CXT surgery

At near [median(range),

D]

-2250
(~40~0)

~3500
(-60~-10)

At distance [median
(range), PD]

-25.00
(=30~-20)

~3000
(=50~-10)

Interval between
alignment and CXT
onset [median (range),
years]

6.50
(5.0~10.5)

500
(2.0~105)

Follow-up period
[median (range), years]

1050
(8.0~13.0)

6.12
(3.0~108)

Group A (Ga): patients with spontaneous consecutive exotropia. Group B (Gb):
patients with postoperative consecutive exotropia. Group C (Ge): patients with
no exotropia. N, number of patients; CE, comitant esotropia; PD, prism dioptre.

“Significant difference.
*Fisher exact test

"Mann-Whitney U test.
Kruckal-Wallis / test





OPS/images/fped-11-1186666-t003.jpg
Feature

Refractive errors.

Group A
(n=6)

Group B

[GERE)]

Group C
(n=39)

p value

Spherical equivalent
OD [medi D]

+1.00 (=2.00~+4.25)

+0.88 (=3.50~+2.63)

—0.50 (=6.13~+6.75)

05 [medi D]

+2.00 (+0.88~+4.00)

+0.50 (~225~+3.38)

+0.25 (=6.38~+6.38)

Hyperopia >=+4D [n (%)]

2(33.33)

0(0)

2(5.13)

Anisometropia [ (%)]

3 (50.00)

3(23.08)

5(1282)

Amblyopia [ (%)]

1(16.67)

1(7.69)

4 (1026)

Vertical deviation [ (%)]

3 (50.00)

9(6923)

6(15.38)

Ga vs. Gb >0.999
Ga vs. Ge 0252
Gb vs. Ge 0.001*

Fusion [n (%)]

2(33.33)

6 (46.15)

38 (97.44)

<0001
Ga vs. Gb >0.999
Ga vs. Ge <0.001"
Gb vs. Ge <0.001*

Stereoacuity

<400 s/are [ (%)]

2(33.33)

3(23.08)

25 (64.10)

0.029"
Ga vs. Gb >0.999
Ga vs. Ge 0.597
Gb vs. Ge 0.066

Group A (Ga): patients with

Group B (Gb: pat

N, number of patients; OD, oculus dexter; OS, oculus sinister; D, dioptre.

“Significant difference.
*Fisher exact test
brruckal-Wallis 1 test

exotropia. Group C (Ge): patients with no exotropia





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Characteristics and risk factors for spontaneous and postoperative consecutive exotropia in children with esotropia

		1. Introduction



		2. Materials and methods



		3. Results



		3.1. Timeframe of CXT onset



		3.2. Factors significantly associated with CXT



		3.3. Factors nonsignificantly associated with CXT











		4. Discussion



		5. Conclusions



		Data availability statement



		Ethics statement



		Author contributions



		Conflict of interest



		Publisher's note



		References



















OPS/images/cover.jpg
& frontiers | Frontiers in Pediatrics

Characteristics and risk factors for
spontaneous and postoperative
consecutive exotropia in children
with esotropia









OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Pediatrics





OPS/images/fped-11-1186666-g001.jpg
Percentage of patients (%)

604

404

204

53.85

50.00

Il spontaneous CXT
33.33
: postoperative CXT

1-5 years 5-10 years > 10 years
Interval between alignment and CXT onset





