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Purpose: To evaluate the efficacy and safety of slanted bilateral lateral rectus recession (BLR-rec) for treating convergence 
insufficiency-type intermittent exotropia (CI-IXT) in children.
Methods: In this retrospective cohort study, 26 patients aged <16 years with CI-IXT who underwent BLR-rec between August 2016 and 
July 2021 with six months of follow-up data post-surgery were classified into slanted BLR-rec group (n = 14) and standard BLR-rec group 
(n = 12; equal-length recession of the upper and lower horns of the LR muscle). Surgical outcomes were compared between the groups.
Results: In the slanted and standard groups, the preoperative distance exodeviation was 27.9 ± 5.5 and 30.8 ± 10.0 prism diopter (PD) 
(p = 0.63), near exodeviation was 41.1 ± 5.6 and 42.9 ± 9.2 PD (p = 0.75), and difference between near and distance deviation 
(N-D deviation difference) was 13.2 ± 3.2 and 12.1 ± 3.3 PD (p = 0.30), respectively. The ratio of postoperative and preoperative 
N-D deviation difference was compared between the slanted BLR and standard BLR groups at six months postoperatively. The results 
revealed that the ratio for slanted-BLR was 0.44 ± 0.19, and for standard-BLR was 0.84 ± 0.24. In the standard group, stereoacuity 
remained unchanged post-surgery compared to that pre-surgery, while the slanted group showed significant improvement (p < 0.05, 
Wilcoxon signed-rank test).
Conclusion: Compared with the standard BLR-rec procedure, the slanted BLR-rec procedure reduced N-D deviation differences in 
CI-IXT, positively impacting gross stereopsis.
Keywords: bilateral lateral rectus recession, convergence insufficiency-type intermittent exotropia, postoperative diplopia, 
consecutive esotropia, stereopsis

Introduction
The convergence-insufficiency type of intermittent exotropia (CI-IXT) is characterized by a greater exodeviation at 
near fixation compared to distance by ≥10 prism diopters (PD).1–3 Patients with CI-IXT may experience symptoms 
including headache, brow ague, diplopia, blurred vision, fatigue of the eye, and reading difficulty, which can 
significantly impact their work and lifestyle.4–6 CI-IXT is associated with weak fusional convergence amplitudes, 
reduced accommodative amplitudes, or a low accommodative convergence to accommodation (AC/A).3,4,7 In mild 
cases, symptoms may be amenable to non-surgical treatment like orthoptic treatment and base-in prism reading 
glasses.8–10 However, some patients do not respond to non-surgical treatment and cannot maintain phoria for near 
vision due to large exodeviations, necessitating surgical treatment.

Various surgical modalities have been reported for patients with CI-IXT.3,4,11–14 In cases of intractable convergence 
insufficiency, surgeons have employed medial rectus (MR) strengthening procedures and MR resections with adjustable 
sutures to minimize the disparity between near and distance deviations (N-D deviation difference).4,11,12
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Furthermore, unilateral lateral rectus (LR) recession combined with MR resection (R&R) has been utilized for CI-IXT 
treatment.3,13,14 Despite the range of surgical methods available, they often struggle to address the N-D deviation difference 
effectively. Conventional recession/resection surgeries targeting near deviation may result in postoperative overcorrection 
at a distance, while those targeting distance deviation may lead to under-correction at near deviation. Consequently, slant 
surgery has emerged as a method aimed at improving the N-D deviation difference.6,7,15–18

In 1999, Snir et al proposed a novel slanted LR recession procedure for CI-IXT, wherein the upper horn of the LR 
muscle was recessed based on distance exodeviation, and the lower horn was recessed based on near exodeviation.7 They 
reported a success rate of 80–90% in achieving an N-D deviation difference of ≤8 PD one year after slanted LR recession 
for convergence insufficiency. This study aimed to evaluate the efficacy and safety of the slanted bilateral LR recession 
procedure (slanted BLR-rec) for the treatment of CI-IXT in children compared with those of the standard bilateral LR 
recession procedure (standard BLR-rec). We evaluated improvements in near stereopsis and N-D deviation difference per 
1 mm. The primary outcome measured the ratio of postoperative to preoperative N-D deviation difference.

Materials and Methods
Patients
The study was approved by the institutional review board of Kyorin University Hospital (project R-01-115, approval 
number 1380) and adhered to the Declaration of Helsinki for the protection of human subjects. Informed consent was 
obtained from parents or guardians of patients (<16 years) before surgery.

This single-institution retrospective cohort study was conducted at Kyorin University Hospital. It included patients 
aged six to 15 years with CI-IXT who underwent BLR-rec between August 2016 and July 2021, with at least six months 
of post-surgery follow-up, were recruited from our medical records. Inclusion criteria were CI-IXT with ≥10 PD greater 
exodeviation at near fixation than at a distance, best-corrected visual acuity (VA) in the worse eye of 20/25 or better, and 
≤1-line interocular difference in VA on the Landolt Optotype. Both eyes’ spherical equivalent values based on 
cycloplegic refraction fell within −7.0 D and +4.0 D. Exclusion criteria included: A-V pattern of strabismus, vertical 
deviation ≥5 PD, torsional strabismus, nystagmus, previous ocular/strabismus surgery, other ocular/neurologic condi-
tions, and systemic disease. Preoperatively, none of the patients underwent occlusion therapy or received a prescription 
for prism eyeglasses. Patients were divided into two groups based on surgical procedures: Standard BLR-rec was 
performed on eligible patients from 2016 to 2018, while slanted BLR-rec was conducted from 2019 to 2021. Standard 
BLR-rec served as a historical control.

Examination
Patients underwent comprehensive ophthalmologic and orthoptic evaluations, including best-corrected visual acuity, 
cycloplegic refraction (1% cyclopentolate hydrochloride, administered twice), fundus examination, and ocular motility 
assessment. Distance (5 m) and near (1/3 m) deviations were measured using the alternating prism cover test (APCT) 
using accommodative targets, with patients wearing their best optical correction. Monocular occlusion was performed for 
45 minutes to avoid fusion, followed by a prism adaptation test (PAT); maximum deviations were determined near and at 
a distance. In other words, the maximum angle of deviation was obtained using PAT to determine the surgical amount for 
both groups. Surgical doses for LR recession in both groups were calculated using Park’s surgical dosage table.19

Our routine post-operative follow-up schedule included assessments at one day, one week, four weeks, and six 
months.

Objective torsion was measured using a major amblyoscope to detect cyclotropia. Stereopsis was evaluated using the 
Titmus stereo test (Stereo Optical, Chicago, IL, USA) and the TNO stereo test (HAAG-STREIT UK) (Table 1). Titmus and 
TNO stereo tests were used to evaluate pre- and post-operative binocular vision function. For numerical comparison of these 
stereoscopic results, we scored the stereopsis such that the binocular disparity log values were approximately equal. Table 1 
presents the stereopsis scoring of the results of the TNO and Titmus stereo tests on an interval scale. The eight points of the 
scale are defined as follows: score 0: none; score 1: 3000 seconds (sec); score 2: 800 sec; score 3: 480 sec; score 4: 240 sec; 
score 5: 120 sec; score 6: 60 sec; score 7: <60 sec.
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Surgical Procedure
Both standard and slanted BLR-rec procedures were conducted via temporal limbal peritomy under general anesthesia in 
all cases. The LR was recessed and sutured directly to the globe. The amount of slanted BLR-rec was determined 
according to the Park’s surgical dosage table.19 The upper and lower horns of the LR were recessed based on the distance 
and near exodeviations, respectively. The slanted LR recession was performed obliquely compared with the original 
insertion (Figure 1). The lower horn was recessed more than the upper horn owing to greater exodeviation at near than at 
distance. In standard LR recession, without any risk of consecutive esotropia at distance, both upper and lower horns 
were equally recessed based on the maximum exodeviation angle at a distance determined by Park’s surgical dosage 
tables.19

Postoperative evaluations included assessment of the difference between distance and near exodeviation as well as the 
presence of diplopia due to consecutive esotropia, torsion, and the A-V pattern of strabismus. The impact of the slanted 
recession on deviation collapse was defined as per Snir et al.7 The impact of the slanted recession on the collapse of the 
angle of deviation was calculated as follows: the mean reduction in the N-D deviation difference in exodeviation after 
slanted surgery was divided by the mean amount of slanted insertion, which was the mean difference between the new 
upper and lower horns of the slanted muscle from the original insertion. All surgeries were performed by two surgeons.

Successful surgical alignment was defined as <+5.0 PD esodeviation (esophoria/tropia) and <-8.0 PD exodeviation 
(exophoria/tropia) in the primary gaze while viewing distant or near targets, with an N-D deviation difference ≤8 PD.

Table 1 Stereopsis Scoring

Score TNO* TST**

0 None NA
1 NA Fly (+) 3000 sec

2 NA Circle 1/9 800 sec

3 480 sec NA
4 240 sec NA

5 120 sec NA

6 60 sec Circle 7/9 60 sec
7 < 60 sec Circle 8/9 50 sec

Abbreviations: *TNO, TNO stereo test; 
**TST, Titmus stereo test.

Figure 1 The slanted BLR-rec procedure (surgeon’s view). The lower horn was recessed according to the near exodeviation. The upper horn was recessed according to the 
distance exodeviation. The lower horn of the muscle was more recessed than the upper horn in the new insertion. The physiological mechanism of the slanted BLR-rec for 
CI-IXT considered that it was based on Scott’s investigation. 
Abbreviations: BLR-rec, bilateral lateral rectus recession; CI-IXT, convergence insufficiency-type intermittent exotropia.
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Statistical Analysis
The Statistical Package for the Social Sciences (version 27.0, IBM Armonk, NY, USA) was used for all statistical 
analyses. Mann–Whitney U-test, Wilcoxon signed-rank test, and Fisher’s exact test were used to perform comparisons.

Results
In total, 26 patients aged six to 15 years with CI-IXT were included in the study, with 14 and 12 patients in the slanted BLR-rec 
and standard BLR-rec groups, respectively. Table 2 displays participants’ characteristics, revealing no significant differences 
between groups in preoperative factors such as average age at surgery (p = 0.38), preoperative follow-up duration (p = 0.76), 
and spherical equivalent of the right and left eyes (p = 0.90, and p = 0.68, respectively).

Table 3 presents angles of deviation at near fixation, far fixation, N-D deviation difference, and the ratio of 
postoperative N-D deviation difference/preoperative N-D deviation difference in the preoperative period and six months 
post-surgery. No significant differences were observed between slanted and standard groups in the preoperative angle of 
deviation at near and distant, as well as the N-D deviation difference (p = 0.63, p = 0.75, and p = 0.30, respectively).

However, the angle of deviation at six months post-surgery for the slanted and standard groups was 5.7 ± 6.0 PD and 
13.6 ± 10.9 PD (p = 0.04) for distance and 8.7 ± 8.7 PD and 23.4 ± 10.2 PD (p < 0.01) for near, respectively. 
Postoperative distance deviation (p < 0.05) and near deviation (p < 0.01) were significantly smaller in the slanted group 
compared to the standard group. The N-D deviation difference of the slanted group (5.9 ± 3.1 PD) was significantly 
smaller than that of the standard group (9.8 ± 2.7 PD). The results showed that the ratio of postoperative N-D deviation 
difference/preoperative N-D deviation difference for slanted BLR-rec was 0.44 ± 0.19, whereas for standard BLR-rec 

Table 2 Preoperative Patient Characteristics

Slanted BLR-rec Group Standard BLR-rec Group p-value

Number of patients 14 12 0.35a

Sex, number (%)

Male 6 (43%) 7 (58%)
Female 8 (57%) 5 (42%)

Age at operation* (years) 10.2 ± 3.2 (6.3 to 15.4) 9.1 ± 2.8 (6.1 to 15.3) 0.38b

Follow-up period before operation* (months) 27.4 ± 32.0 (6 to 98) 26.6 ± 23.1 (4 to 72) 0.76b

Equivalent spherical diopter* (D, right) −1.1 ± 2.6 (−6.75 to 3.50) −1.5 ± 2.0 (−5.75 to 0.5) 0.90b

Equivalent spherical diopter* (D, left) −1.3 ± 2.2 (−5.33 to 3.25) −1.7 ± 1.9 (−6.50 to 0.5) 0.68b

Note: *Mean ± SD (range), aFisher’s exact test, bMann–Whitney U-test. 
Abbreviations: BLR-rec, bilateral lateral rectus recession; D, Diopter.

Table 3 Pre-and Post-Operative Exotropia Deviation Results

Preoperative Postoperative Six Months The Ratio of 
Postoperative 
N-D Deviation 

Difference / 
Preoperative 

N-D Deviation 
Difference

Distance 
Deviation 

(PD)

Near 
Deviation 

(PD)

N-D Deviation 
Difference 

(PD)

Distance 
Deviation 

(PD)

Near 
Deviation 

(PD)

N-D Deviation 
Difference 

(PD)

Slanted BLR-rec group 27.9 ± 5.5 41.1 ± 5.6 13.2 ± 3.2 5.7 ± 6.0 8.7 ± 8.7 5.9 ± 3.1 0.44 ± 0.19

Standard BLR-rec group 30.8 ± 10.0 42.9 ± 9.2 12.1 ± 3.3 13.6 ± 10.9 23.4 ± 10.2 9.8 ± 2.7 0.84 ± 0.24
p-value 0.63 0.75 0.30 0.04* < 0.01** < 0.01** < 0.01**

Note: *p < 0.05, **p < 0.01, Mann–Whitney U-test. 
Abbreviations: PD, prism diopters; N-D deviation difference, difference of near deviation-distance deviation; BLR-rec, bilateral lateral rectus recession.
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was 0.84 ± 0.24. The slanted BLR-rec was able to reduce the N-D deviation difference by an average of 56%, while the 
standard BLR-rec was only able to reduce the N-D deviation difference by an average of 16%.

In 11 of the 14 cases (79%) in the slanted group and five of the 12 cases (42%) in the standard group, the 
N-D deviation difference showed improvement to ≤8 PD. In addition, with regard to the angle of near deviation 6 
months after surgery, eight of 14 patients (57%) in the slanted group and 0 of 12 patients (0%) in the standard group 
exhibited successful surgical alignment (Figure 2). In the slanted group, the amount of recession was 6.5 ± 1.0 mm 
(range: 4.5–8.0 mm) and 8.0 ± 0.7 mm (range: 7.0–9.5 mm) at the upper and lower horns of the LR muscle, respectively. 
Conversely, the amount of recession in the standard group was 6.9 ± 1.1 mm. The difference between the lower and 
upper horns of the LR muscle (the difference in the amount of recession) was 1.5 ± 0.5 mm (range 1.0–2.5 mm). Each 
millimeter of difference between the upper and lower horns of the slanted recessed LR muscle was associated with an 
improvement of 8.6 PD in the N-D deviation difference for children. No A-V pattern misalignment was observed 
preoperatively or postoperatively. No patient in either group had an overcorrection (esotropia) of ≥10 PD, torsional effect, 
or postoperative diplopia six months post-surgery. TNO and Titmus stereo test results, expressed on an interval scale by 
stereopsis scoring (Table 1), compared pre- and postoperative stereopsis in the slanted and standard groups, respectively. 
The slanted group had a stereopsis score of 3.9 ± 2.3 preoperatively and 4.7 ± 1.8 postoperatively (p < 0.05) (Table 4). 
The standard group scored 4.8 ± 1.8 preoperatively and 5.0 ± 1.1 postoperatively. In the standard group, there was no 

Figure 2 Scatter plot of pre- and postoperative angle deviations. A successful surgical alignment was defined as an exodeviation (exophoria/tropia) of −8.0 PD or less and 
esodeviation (esophoria/tropia) of +5.0 PD or less in primary gaze while viewing distance or near targets, with an N-D deviation difference ≤ 8 PD. In terms of the angle of 
near deviation 6 months after surgery, the surgical success rate was 57% (8/14) in the slanted BLR-rec group and 0% (0/12) in the standard BLR-rec group. 
Abbreviations: BLR-rec, bilateral lateral rectus recession; N-D, near and distance deviation; PD, prism diopter.

Table 4 Stereopsis at Pre- and Post-Operation

Preoperative  
Score

Score at 
Postoperative Six 

Months

p-value

Slanted BLR-rec group 3.9 ± 2.3 4.7 ± 1.8 0.04*
Standard BLR-rec group 4.8 ± 1.8 5.0 ± 1.1 0.75

Note: *p < 0.05, Wilcoxon signed-rank test. 
Abbreviation: BLR-rec, bilateral lateral rectus recession.
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change in stereoacuity pre- and post-operatively, while in the slanted group, stereoacuity was significantly improved 
compared to that before surgery (p < 0.05, Wilcoxon signed-rank test). Until the last follow-up, none of the patients 
demonstrated restricted abduction of the eyes, A-V pattern misalignment, torsional diplopia, or consecutive esotropia.

Discussion
Surgery for CI-IXT is less common compared to other exodeviation patterns,3 yet CI-IXT, particularly when associated 
with reading difficulties and blurred near vision, significantly impacts quality of life. Recognizing the importance of 
reducing the N-D deviation difference to alleviate these symptoms, we compared slanted BLR-rec surgery with standard 
BLR-rec. surgery. The results indicate that slanted BLR-rec surgery reduced the N-D deviation difference in CI-IXT, as 
shown by the comparison of the ratio of the postoperative to preoperative N-D deviation difference with that of the 
standard BLR-rec surgery (Table 3), making it easier to maintain the phoria at near vision, potentially leading to an 
improvement in binocular function. In other words, the N-D deviation difference in CI-IXT poses challenges in surgical 
techniques. Various surgical approaches have been explored to address this issue.3,4,11–14 In 1990, Nemet et al20 

performed three patient-biased MR muscle resections, whereby the upper and lower horns of the MR were resected 
according to the distance and near deviations, respectively, based on Scott’s principle. In 1975, Scott reported that the 
fibers of the upper and lower horns of the LR muscle were of equal length in the primary ocular position; however, in the 
downward near gaze (30°) position and at the near position, the upper muscle fibers were lengthened from 40.0 to 
41.5 mm, while the lower muscle fibers were reduced from 40.0 to 37.1 mm.21

In our study, we performed slanted BLR-rec in children with CI-IXT, a technique introduced by Snir et al7 based on 
Scott’s principle.21 Snir et al7 performed bilateral or unilateral slanted surgery on 12 subjects aged 4 to 50 years in 1999 
and compared them with a standard surgery group, consisting of six patients aged 6–22 years, who underwent equal- 
length recession of the upper and lower horns of the LR muscle. Their comparison revealed that slanted LR recession 
outperformed standard LR recession in reducing both distance and near exodeviation, as well as the N-D deviation 
difference. Subsequent retrospective clinical studies on the slanted BLR-rec procedure, following Snir et al's6,15,17 work, 
have consistently demonstrated a reduction in the N-D deviation difference to <8 PD with a 70–80% success rate. Similar 
to the procedure in previous studies6,7,15,17,18 that involved slanted BLR-rec, the procedure in our study successfully 
reduced the N-D deviation difference to <8 PD. Because this study was designed as a retrospective cohort study, we 
confirmed the absence of significant differences in the age at surgery, sex ratio, preoperative follow-up period, and 
equivalent spherical values between the slanted and standard BLR-rec groups, and the fact that we compared the two 
groups will contribute to evaluations of the efficacy of slanted BLR-rec.

In addition, in our study, 11 of 14 cases (79%) in the slanted BLR-rec group showed an improved N-D deviation 
difference of ≤8 PD. This result was in contrast to those of Choi et al,22 who performed slanted bilateral MR resections in 
10 patients with CI-IXT and found an N-D deviation difference of <10 PD in only half the patients. This suggests that 
slanted BLR-rec may be more effective than slanted bilateral MR resection in reducing N-D deviation.

Farid et al16 conducted a prospective study in 2018, where 67 CI-IXT patients were categorized into three groups, and 
the effects of three surgical methods were compared, including Slanted BLR-rec; New R&R, in which unilateral MR was 
based on near exodeviation while LR recession was based on the distance exodeviation; and augmented bilateral LR 
recession (A-BLR), in which LR recession was augmented to the near exodeviation. However, they reported no significant 
differences among the three groups in terms of distance deviation, near deviation, or N-D deviation difference one year after 
surgery. Furthermore, they reported that the Slanted BLR-rec group had a vertical pattern of strabismus (A and V pattern), 
while the New R&R and A-BLR groups had many instances of postoperative overcorrection and under-correction. They 
considered the cause of the AV phenomenon as a complication of the Slanted BLR-rec procedure. This complication could 
be attributed to the large N-D deviation difference in the cases recruited in their series. In their study, the following surgical 
approach was performed: the upper horn of the muscle was recessed based on the distant exodeviation (range: 4 −7.5 mm) 
and the lower horn of the muscle was recessed according to the near deviation (range: 6–11 mm).

Our series and previous reports6,7,16,18 showed no cases of vertical-pattern strabismus (A and V pattern) postoperative 
complications. This is because the difference in the amount of recession in our study was 1.5 ± 0.5 mm, and the amount 
of slant stated by Kwon and Lee17 was 1.7 mm (range, 1–3 mm). We also speculated that the following factors are likely 
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to cause the AV phenomenon as a postoperative complication. If the N-D deviation difference is large, the difference in 
the recession will inevitably increase, leading to the AV phenomenon.

In contrast, slant BLR-rec is also indicated as a treatment for A and V pattern strabismus without superior and inferior 
oblique muscle overaction23,24 In the case of A and V pattern strabismus, the difference in the amount of recession was 
>3–4 mm.24 Therefore, in the treatment of CI-IXT, we assume that the amount of slant should be within 3 mm to avoid 
postoperative vertical deviation.

We investigated the effect of reducing the N-D deviation difference per 1 mm of the difference in the amount of recession 
at the lower and upper horns of the LR muscle. In our study, the difference in the amount of recession per 1 mm shortened the 
N-D deviation difference by 8.6 PD. Similarly, the improvement associated with the difference in the amount of recession on 
the LR was reported as follows: Snir et al7 4.6 PD/mm; Chun and Kyung,15 8.7 PD/mm; and Ren et al6 5.7 PD/mm. This is 
because Snir et al and Ren et al included adult cases in the study, whereas Chun and Kyung targeted patients under 12. In 
comparison, in this study, pediatric patients <15 years were included, which means that the effect of the difference in the 
amount of recession may differ according to age. In other words, the effect of the difference in the amount of recession may be 
larger for children than for adults.

This study has some limitations. The sample size was small, with slanted and standard groups including 14 and 12 
patients, respectively. In addition, the postoperative follow-up period was short, with six months postoperatively. This 
study was conducted as a retrospective cohort study, potentially introducing bias through case selection and unmasked 
outcome examination. Further studies should be conducted to determine the utility of slanted BLR-rec.

Conclusions
In conclusion, the slanted BLR-rec procedure for CI-IXT in children might successfully reduce the N-D deviation difference 
compared to the standard BLR-rec procedure, without risk of postoperative diplopia. It is possible that the postoperative 
stereopsis score observed in the slanted BLR-rec group was better than that of the standard BLR-rec group because of the 
improved N-D deviation difference within this group. This technique may have a positive impact on gross stereopsis.

Abbreviations
CI-IXT, convergence-insufficiency type of intermittent exotropia; PD, prism diopters; MR, medial rectus; ULR, uni-
lateral lateral rectus; APCT, alternating prism cover test; PAT, prism adaptation test.
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