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Slanted recession on bilateral lateral rectus  «i=

for the treatment of intermittent Exotropia
with convergence insufficiency
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Abstract

Purpose: To evaluate the efficacy and safety of slanted bilateral lateral rectus recession (S-BLRc) for the treatment of
convergence insufficiency-type intermittent exotropia (CI-IXT) in children and to probe the relationship of the slanted
amount and surgical outcomes.

Methods: Retrospective study. Fifty-eight patients with CI-IXT, aged 4 to 10years old, underwent S-BLRc procedures.
According to the different slanted amount between the upper and lower poles of lateral rectus, all the patients were
grouped: Group A (slanting 1 mm, n=22), Group B (slanting 1.5 mm, n=18) and Group C (slanting 2mm, n=18). The
successful surgical outcome was defined as deviation in the primary position ranging from exotropia< 82 to esotro-
pia< 54 both at near and at distant as well as the near-distance difference (NDD) < 548 We analyzed and compared
the preoperative and postoperative data including deviations both at near and at distance, NDD, objective torsion,
horizontal deviation at up and down gaze, lateral incomitance, binocular vision and surgical success rate among three
groups.

Results: The average deviations were significantly decreased from — 37.1 A 4428 (— exotropia) to — 148 £ 460
at near (P<0.05) and from — 2582 £3.78 to — 0.1 £4.12 at distance (P<0.05). The postoperative NDD on average
was significantly reduced from 10.02 to 182 in Group A (P<0.05), from 11.22 t0 0.82 in Group B (P<0.05) and from
133210 0.92 in Group C (P<0.05). There was a significant difference in the mean corrections of NDD among the
three groups 8281n group A, 1032 0n group B and 1248 in group C respectively, P<0,05). All the patients attained
various improvement of stereopsis after surgery. None had torsional diplopia, A-V pattern and lateral incomitance
after strabismic surgery. Totally, the surgical success rate was 89.7% in our series at the 6- to 8-month follow-up.

Conclusions: Slanted bilateral lateral rectus recession is an effective and safe procedure for the treatment of CI-IXT
in children. S-BLRc can successfully collapse exotropia both at distance and at near, decrease NDD and benefit to gain
binocular vision. The correction of NDD was associated with the slanted amount.
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(NDD)
Introduction
Convergence insufficiency intermittent exotropia (CI-
IXT) is a subtype of intermittent exotropia characterized
TC.O”?SF’O”de”CQE leeyueping@aliyun.com o by a greater deviation of at least 102 at near than that
Tianjin Eye Hospital, Clinical College of Ophthalmology of Tianjin di duci h di diff
Medical University, Tianjin Key Laboratory of Ophthalmology and Vision at distance [1-3]. Re ucing the near-distance difterence
Science, Tianjin 300020, China (NDD) is imperative to effective treatment of CI-IXT. A
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improve convergence and reduce the NDD, has been rec-
ommended for treatment of CI-IXT [4-8]. However, it
has not only been associated with persistence postopera-
tive overcorrection at distance for a few months, but also
with unsatisfactory undercorrection in the long-term
[5]. Kushner found an undercorrection rate of 83% 1year
after symmetrical MR resections [9]. With regard to MR
resection and lateral rectus (LR) recession (R&R) proce-
dure for the treatment of CI-IXT, researchers have sug-
gested that the resection amount was determined by the
deviation at near and the recession amount was based on
the deviation at distance [8, 10]. Although NDD collapsed
around 102, 7 to 18% of patients could be overcorrected,
at a success rate of 42% 1year after surgery [10, 11]. With
regards to LR recession procedure for CI-IXT, previous
studies have shown that the surgical amount depending
on the deviation at distance is prone to undercorrec-
tion but the surgical amount according to the deviation
at near could cause over-correction [12, 13] . However,
standard LR recession does not effectively reduce the
NDD [14, 15]. Some researchers suggested that slanted
recession of the LR is an effective surgical procedure for
reducing deviation at distance and at near as well as col-
lapsing the NDD [14-18]. To date, however, the effect
of different slanted amounts on postoperative outcomes
remains unclear. In this study, we aimed to investigate the
relationship between slanting recession amount and sur-
gical outcomes and evaluated efficacy and safety of dif-
ferent amounts of slanting recession for the treatment of
CI-IXT in children.

Subjects and methods

Patients

All the surgical procedures were performed in accord-
ance with the Declaration of Helsinki for research involv-
ing human subjects. The study protocol was approved
by the Institutional Review Board (IRB) of Tianjin Eye
Hospital. All the participants signed written informed
consent. Informed consent for minors was obtained
from their legal guardian(s). A total of 58 children, aged
between 4 tol0O years old, with CI-IXT were enrolled
from August 2019 to July 2020. Patients who exhibited
high AC/A (gradient method), A-V pattern of strabismus,
vertical deviation>5%, torsional strabismus, amblyopia,
nystagmus, previous strabismic surgery were excluded.

Examinations

All patients underwent complete ophthalmologic evalu-
ations, including best corrected visual acuity, cyclople-
gic refraction, fundus examination, ocular movement,
AC/A ratio and the deviations measured with prism and
alternating cover test (PACT), before and after opera-
tions. Maximum deviations at near and at distance were
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determined after patching one eye for 60 min. Stereopsis
was evaluated by the Titmus test. The objective torsion
was measured on the fundus photograph using Corel-
Drawl X7 software (Corel Corporation, Canada). The
fovea-disc angle was defined as positive (+) if the macula
located above the horizontal line passing through the
center of the optic disc and negative (—) when macula
located below the horizontal line. We took the sum of the
bilateral fovea-disa angles as the total objective torsional
angle so as to avoid the effect of the head tilting on the
ocular torsion. The final follow-up visits were conducted
6 to 8 months after surgeries.

Surgical procedure and grouping

All surgical procedures were performed by one sur-
geon. The procedure for slanted recession of LR is
illustrated in Fig. 1a. Summarily, the upper poles of LR
were recessed 4 to 6mm according to the deviations at
distance while the lower poles were recessed 6 to 8 mm
according to the deviation at 33 cm. The slanted amount
was defined as the recession difference between the lower
pole and upper pole. All patients were grouped based on
the slanted amount as follows: Group A-1mm; Group
B-1.5mm and Group C-2mm. In this study, the criteria
for successful surgical outcome comprised postoperative
deviation ranging from exotropia < 82 to esotropia < 58
both at distance and at near as well as NDD <52,

Statistical analysis

The preoperative and postoperative data were compared
using paired t-test. The data among the groups were
compared using one-way ANOVA. The improvement of
stereopsis and surgical success rate among the groups
were analyzed using Fisher’s Exact Test. All data were
analyzed with IBM SPSS Statistics 23.0 (IBM, Armonk,
NY, USA). P values less than 0.05 were deemed statisti-
cally significant.

Results

Fifty-eight patients, 33 males and 25 females, aged
between 4 to 10years old (average 6.53 £ 2.35years)
were enrolled in this study. The average deviations sig-
nificantly decreased from — 37.12 4 4.28at near pre-
operatively to — 148 +4.68 postoperatively (P <0.05)
and from —258243.72 at distance preoperatively
to —0.18+4.14 postoperatively (P<0.05). The mean
NDD also significantly reduced from 11.42 +2.02 to
1.28 4+ 222 (P<0.05). Deviations at both near and dis-
tance as well as NDD exhibited a significant decrease
after surgery in each group (Table 1). We also found
statistically significant differences in the postopera-
tive deviations at near and corrections of NDD among
the three groups (P=0.039, 0.00011). By pairwise
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Fig. 1 The procedure of slanted recession of LR. a Taken during the surgery, recession 4 mm of the upper pole and recession 6 mm of the lower
pole. The slanted amount is 2mm. b The diagram of slanted recession procedure. O is the opper pole of LR. OA (blue) is the new insertion and a
(blue) is the central point of OA in the standard recession procedure. During the procedure in our study, the scleral pass of the upper pole of LR
was firstly performed and then the scleral pass of the lower pole. OA'(red) is the slanted insertion and &' (red) is the central point of OA’in the 1 mm
slanted recession procedure. OA” (black) is the slanted insertion and a” (black) is the central point of OA”in the 2 mm slanted recession procedure. To
keep the original length of LR insertion, the actual width of LR, perpendicular to the direction of the muscle force, is narrowed and the central point

of new insertion is shifted upwards a bit

comparison, NDD was corrected most in Group C and
least in Group A (Fig. 2). The correction of NDD (Y)
was significantly correlated with the slanted amount
(X) (R=0.53, P=0.000018), with the following fitting
equation: Y =4.163X 4 4.071.

Notably, we found no statistically significant differ-
ences between preoperative and postoperative vari-
ables, including total fovea-disa angle, difference of
deviation at up and down gaze, lateral incomitance
in each group. A similar trend was observed among
groups (Table 2).

At 6- to 8-month follow-up visit, the success rate was
89.7% (52/58) in our series. Notably 3 patients (5.2%)
had over-corrected and 3 patients (5.2%) had under-
correction. There were no significant difference in
surgical success rate among the three groups (Z=3.72,
P=0.452) (Table 1). However, the constituent ratio
of the number of patients with different stereopsis
was significantly different before and after surgery
(Z=18.82, P=0.001) (Table 3.). Notably, the num-
ber of patients with fine stereopsis (<60”) increased
from 11 to 35 after surgery. Moreover, 3 patients with
undercorrection after surgery also exhibited improved
binocular vision. However, the 3 patients with overcor-
rection exhibited no stereopsis due to diplopia.

Discussion

Horizontal strabismus subtypes that may be attribut-
able to abnormal compartmental function include near/
distance disparity esotropia or exotropia, distance eso-
tropia or exotropia, and A- or V-pattern strabismus [15,
19, 20]. Both slanted recession and slanted resection of
the horizontal rectus were first described for treatment of
A-V pattern strabismus [19]. Scott demonstrated that the
upper and lower margins of lateral rectus (LR) have the
same length in the primary position, although the lower
margin is shorter than the upper margin when gazing
down at near [21]. Previous studies have shown that the
lower part of LR fibers can affect XT deviation at both
near and downgaze. Particularly, the LR muscle shows
the highest level of compartmental organization [20].
Demer found that in the LR muscle, the abducens nerve
divides into both superior and inferior portions, which do
not overlap and generate the asymmetric contraction on
the eye-globe [22]. Conversely, other reports have shown
that both superior and inferior compartments of the lat-
eral rectus muscle relax symmetrically in adduction and
convergence [23]. Different operations can be designed
for the upper and lower parts of the muscle lateral rectus,
although the underlying mechanism remains unknown.
Snir et al. first introduced slanted recession of LR
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Fig. 2 The corrections of NDD in the three groups

Group B Group C

recession for CI-IXT. They recommended that the surgi-
cal amount of the lower and upper poles were dependent
on exodeviation at near and at distance, respectively [15].
Notably, NDD reduced from 142 to 2.94 by balancing
of the upper and lower muscle tension [14], the surgical
successful rate varied from 58 to 92% whereas the NDD
correction per millimeter of slanted amount varied from
4.62 to 8.72 in the previous literatures [15-18]..

In our series, we found a surgical success rate of 89.7%
at 6 to 8 months of follow-up. Notably, 2 and 1 patient
from group A and B, respectively, were undercorrected,
whereas 2 and 1 from groups C and B, respectively, were
overcorrected. Based on these outcomes, we hypothesize
that a smaller and larger slanting recession may have
given rise to more undercorrections and more overcor-
rections, respectively.

Our results also confirmed that S-BLRc could success-
fully reduce NDD. Particularly, we recorded a mean NDD
correction of 10.22, which was similar to that reported
in previous studies [14—18]. The NDD corrections were
824194, 10.3+2.52 and 12.4+3.92 in groups A, B
and C, respectively, and these were significantly different.
Although there were only three groups in our study, we
generated an equation of NDD correction (Y) and slanted
amount (X); Y=4.163X 4 4.07. Based on this equation, it
was evident that the NDD correction per 1 mm slanting
in our series was lower than that observed in other stud-
ies. We speculated that the procedure of S-BLRc in our

study not only caused the change in the more posterior
insertion of the inferior pole of LR, but also narrowed the
width of LR and shifted LR upward a bit, compared to the
procedure of standard recession (Fig. 1b). All factors had
different impacts at near and at distance. The rang of the
slanted amount, from 1 to 2mm in our series, was small,
thus further studies on larger slanted recession based
on more groups are needed to validate these results
and obtain a more accurate equation of the relationship
between the NDD correction and slanted amount.
Results from a study on rabbit eye with slanted reces-
sion of superior rectus revealed that both margins had
anterior movement at 3 months post-operation, indica-
tive of a decrease in surgical effectiveness [24]. Notably,
the decrease in slanting degrees was more in the 4mm
than that in the 2mm group. Howeverthe collaps-
ing of NDD after S-BLRc maintained well over postop-
erative 6 months in our study. Even the 6 patients with
both undercorrection and with overcorrection, still had
smaller postoperative NDDs relative to those at preoper-
ation. Based on these findings, we suggest that the effect
of S-BLRc on NDD improvement may be relatively stable.
Previous studies have shown that 13.6% of patients
who underwent S-BLRc exhibited secondary esotropia
at downgaze due to postoperative V-pattern, while 4.5%
of them developed postoperative A pattern [13]. In
our series, no patient developed the A-V phenomenon
after surgery. We attribute this phenomenon to small
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Table 3 The number of patients with different stereopsis before and after surgery
Titmus<60" 60"<Titmus<200" 200"<Titmus<400” 400" <Titmus<3000" No

stereopsis

Preoperation 11 24 12 5 6

(n=58)

Postopration 35 14 3 3

(n=58)

Three cases without stereopsis were overcorrected after surgery

slanting in our study, as well as lack of A or V pattern
before surgery. We also measured the objective torsion
on the fundus photograph, but not the subjective tor-
sion. No patient developed postoperatively torsional
diplopia in our series, even in those with either over-
correction or undercorrection. Moreover, no patient
developed postoperative lateral incomitance in the pre-
sent study.

This study had some limitations. Firstly, NDDs were
relatively small, which might explain the slanting
amount ranged from 1 to 2 mm. Secondly, the patients
were followed up only for a period of 6 to 8 months
after surgeries. Future studies, using larger sample sizes
and larger slanted recession as well as longer follow up
times are needed to validate these findings.

In conclusion, S-BLRc is an effective and safe pro-
cedure for the treatment of CI-IXT in children, owing
to its efficacy in correcting deviation both at distance
and at near. S-BLRc can effectively reduce NDD and
improve binocular visual function.
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