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Purpose: To compare the surgical outcomes of slanted versus augmented recession in patients with
horizontal strabismus.

Methods: In this randomized clinical trial, a total of 100 esotropic (ET) and exotropic (XT) patients with a high
AC/A ratio which was defined as a difference of > 10 prism diopters (pd) between the distance and near
deviations were included if the patients had a distance deviation > 15 pd. Patients were randomly assigned
into the slanted (n =26 in ET and n = 24 in XT group) and augmented recession groups (n =25 in ET and n
=25 in XT group). In the slanted group, recession was performed on the superior and inferior poles of the
muscle based on the distance and near deviations, respectively, while in the augmented recession group,
the muscles were recessed 1.00 or 1.50 mm more than the standard amount according to the distance and
near difference between 10 and 20 pd or > 20 pd, respectively.

Results: The mean age was 9.8 + 9.6 years and 63% were female. There was a significant postoperative
reduction of difference in convergence excess in ET cases compared to patients who underwent the
augmented recession procedure (12.65 + 6.16 vs 8.64 + 6.1 pd, P = 0.014). Among our XT groups, there
was no significant difference in postoperative reduction in the XT angle in the slanted group compared with
the augmented group (P > 0.05).

Conclusion: Slanted recession is recommended in convergence excess ET patients. In XT patients, either
slanted or augmented recession may be chosen according to the priority and experience of the surgeon.
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accommodation (AC/A) ratio present a difference
between distance and near deviations which are
manifested even after correction of refractive errors
and achievement of the best corrected visual acuity
(BCVA)." 2]

According to the literature, the main cause of this
difference in ET cases with a high AC/A ratio could
be attributed to the excessive accommodative con-
vergence with an insufficient fusional divergence
at near distance of fixation.®) In XT patients with
a high AC/A ratio, near deviation is increased with
bilateral +3.00 D lenses immediately after patching;
otherwise, patients have true divergence excess
(DE). In both conditions, the possibility of esotropia
at near may be present postoperatively. In addition,
in XT patients with a low AC/A ratio, the weak
fusional convergence and reduced accommoda-
tive amplitude have been reported as possible
etiological factors of convergence insufficiency
CN."4 Moreover, in XT patients with Cl, surgery
for distance deviation would show near under
correction postoperatively.

Surgery is indicated in cases which do not
respond to the non-surgical treatments including
refractive error correction, orthoptic modalities,
prism, and also in patients with distance deviation
of > 15 pd.>® Slanted or augmented bilateral
lateral rectus recession (LRRec) or bilateral medial
rectus recession (MRRec) or new R & R (LRRec for
distance and MRRec for near deviations) are sug-
gested methods for these patients with a success
rate of 69-92% in different studies.[" 2 710

ET patients with less near deviation (low AC/A
ratio) are rare, and there is not a consensus
regarding the unique surgical procedure for these
patients."

Muscle slanted recession method seems more
logical and is easier with fewer side effects com-
pared to the other procedures such as posterior
fixation suture and can be applied in both ET
and XT patients." 2719 Therefore, we aimed to
compare the surgical outcomes of slanted and
augmented recession methods on patients with
horizontal strabismus having a different angle of
deviation at distance and near positions with
abnormal AC/A ratio either low or high.

This randomized clinical trial was performed on
100 patients with horizontal deviation through
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sequential selection. All constant or intermittent
ET and XT patients with abnormal AC/A ratio
(defined as a difference of < 10 pd between
distance and near deviations) were enrolled, if
the patients had a distance deviation > 15 pd.
This study was approved by the Ethics Commit-
tee of the Ophthalmic Research Center, Shahid
Beheshti University of Medical Sciences, Tehran,
Iran and was registered at https://clinicaltrials.gov
(NCTO3555045).

Patients with simultaneous horizontal and verti-
cal deviation, history of extraocular muscle surgery,
extraocular muscle palsy, fixation instability (nys-
tagmus, eccentric fixation), restrictive strabismus,
orbital anomalies, mental retardation, general and
ophthalmic disorders, simulated DE, subjects less
than five years old and those with poor cooperation
were excluded from this study.

After patients or their parents signed informed
consent, questions regarding demographic charac-
teristics such as the age at the time of operation,
gender, parent consanguinity, family history of stra-
bismus, and prematurity were asked and recorded
in their files.

The comprehensive ophthalmic examination
including cyclorefraction (45 min after instillation of
tropicamide 1% and cyclopentolate 1%), assessment
of BCVA, and evaluation of extraocular muscle
motility including version and duction were
performed. Next, ocular deviation was measured
at both distant (6 m) and near (33 cm) using an
alternate prism cover test. For accurate fixation,
all patients were asked to fixate on an optotype
of the Snellen visual acuity chart sized one or
two lines better than their BCVA for distance
deviation measurement and an accommodative
target for near deviation measurement. A- or
V-pattern was also determined if the difference
of deviation between 30° superior and inferior of
primary position was 10 or 15 pd, respectively.'? I
Stereopsis was measured using a Titmus test at
the near position. Ocular anterior and posterior
segments were examined using slit lamp and
indirect ophthalmoscopy.
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Amblyopia was considered if the BCVA was equal
or worse than 0.30 LogMAR in one eye or two
BCVA lines of difference between the two eyes.

Stereopsis was classified into three groups
of central (< 100 sec/arc), peripheral (100—-3000
sec/arc), and suppression (> 3000 or not having
any binocular depth perception).

Convergence excess (CE) was considered in ET
patients with more deviation (> 10 pd) at near
compared to the distance after refractive error
correction.

Simulated DE was considered if tenacious prox-
imal fusion (TPF) was broken in an XT patient with
more deviation at near after patching of one eye for
60 min.

High AC/A ratio in ET patients was considered
with more deviation (> 10 pd) at near compared to
distance after refractive error correction (CE).

High AC/A ratio was considered if near deviation
was not increased with monocular patching in
XT patients, but it was increased after wearing
of +3.00D lenses. Therefore, high AC/A ratio was
detected; otherwise the diagnosis of DE was
considered."

Cl was considered in cases that had higher
exotropia at near compared with distance deviation
(at least a difference of 10 pd) after refractive error
correction.

ET and XT patients were studied in the two
groups (slanted and augmented recession), and the
procedures were performed on medial or lateral
rectus muscles according to the deviation type.

After limbal incision of conjunctiva and tendon,
the selected rectus muscle was hooked, dissected,
and sutured with 6-0 Vicryl® (polyglactin 910,
coated Vicryl®, Ethicon, Blue Ash, OH, USA), then

the muscle was disinserted and resutured to the
sclera posteriorly according to the Park’s table.["™

In the slanted groups, the superior pole of the rec-
tus muscles was recessed for distance deviation,
and the inferior pole of the same rectus muscle
was recessed for near deviation in both eyes. The
amount of recession was considered based on the
Park’s table.["”]

The amount of slant was defined as the absolute
difference of superior and inferior recession of the
medial or lateral rectus muscles.

In the augmented recession group, the patients
were operated bilaterally according to the dis-
tance measurement and based on the difference
between distance and near deviations from 10
to 20 pd, 1 mm, and > 20 pd; 1.5 mm was
added to or subtracted from the distance deviation
as suggested by Park’s table"™ For instance, in
patients with ET = 20 and ET’ = 35, bilateral LRRec
was performed for ET =20 (4) +1=5 mm. In patients
with XT = 20 and XT’ = 35, bilateral LRRec was
performed for XT = 20 (5) + 1= 6 mm. In patients
with XT =30 and XT’ =15 (either high AC/A ratio or
true DE), bilateral LRRec was performed for XT =30
(7)=1=6 mm.

Follow-up visits were performed on the first
day, the first week, and the first, third, sixth, and
twelfth months after the surgery. The results of
patients who had at least three months of follow-
up were analyzed. Postoperative distance and near
deviations were measured in the same way as
the preoperative method. Postoperative distance
and near deviations < 10 pd were considered
successful outcomes in each group.

In addition, dose-response in both groups were
calculated based on the following formula:

Ipreoperative far and near difference — postoperative far and near differencel

Dose response =

. [reductionl
amount of slant or recession

amount of slant or recession

JOURNAL OF OPHTHALMIC AND VISION RESEARCH VOLUME 14, ISSUE 4, OCTOBER-DECEMBER 2019 467



Slanted versus Augmented Recession; Rajavi et al

For instance, a patient with an XT = 30 at
far and XT’ = 40 at near, a bilateral LRRec was
performed 7 mm at the superior and 8 mm at
the inferior poles of the muscle. Regarding the
calculation of dose-response, this value was used
in the aforementioned formula, and two folds of
slant were calculated for the analysis (2 X 1).

To have a power of 95% to detect a difference of
5 pd in transparency between the two groups, 25
samples in each group were required. In this calcu-
lation, the standard deviation of the transparency
was assumed to be 5 in both groups, and the type
| error was set at 0.05.

Using a computer program, a biostatistician (MY)
generated the sequence of patients’ assignment
with a permuted-block randomization method. The
block length varied from two to six. The randomiza-
tion sequence was concealed from the investiga-
tors. Randomization was separately performed for
ET and XT groups.

To present data, mean, standard deviation, median,
and range were used. To evaluate the normal dis-
tribution of data, we used a Kolmogorov—Smirnov
test and Q-Q plot. To compare the groups, a
t-test and a Mann-Whitney U-test were used.
Additionally, we used a Wilcoxon signed-rank test
to assess changes within the groups. Relationships
of the different variables were assessed using
Spearman’s Rank correlation coefficient. Further-
more, the interaction analysis within the linear
regression model was applied to evaluate the
difference of esotropia and exotropia with regard
to the inferiority of the slanted surgical technique.
All statistical methods were performed with SPSS
software (SPSS Statistics for Windows version 23.0,
IBM Corporation, Armonk, NY, USA). All tests were
two-sided, and p < 0.05 was considered statisti-
cally significant.

The present study was conducted on 100 patients
with different horizontal deviation at distance and
near >10 pd; 50 ET and 50 XT patients randomly
underwent surgery by the slanted or augmented
recession technique, respectively. In this study, the
mean surgical age was 9.83 + 9.65 years old, and
63% of the study subjects were female.

Table 1 presents the baseline characteristics of
our study population in both ET and XT groups.
Although more study patients were female, the
difference was not statistically significant between
the slanted and augmented recession groups. In
addition, there was no difference in these groups
regarding other baseline characteristics, including
age, prematurity, parental consanguinity, and fam-
ily history of strabismus.

All study subjects underwent follow-ups for at
least three months with an average of 10 + 9
months; 84% (n = 42) of ET and 60% (n = 30) of XT
patients had a minimum follow-up of six months.

Table 2 shows the clinical characteristics of
slanted and augmented recession in both ET and
XT patients. Amblyopia was detected in 13.4% (n =
13) of the study population, and it was found in 20%
(n=10) of ET and 6% (n = 3) of XT patients. As seen,
27% of patients presented <100 sec/arc stereopsis
after the surgery.

Preoperatively, in the ET group, A- and V-
patterns as well as overaction of the inferior oblique
muscle (IOOA) were observed in 2%, 41%, and 45%
of patients respectively, while more XT patients
had A-pattern (12%) and fewer showed V-pattern
(18%) and IOOA (10%). Postoperatively, 30.8 % of the
slanted ET cases had V-pattern, and no cases had
A-pattern. In the slanted XT group, the percentages
of A- and V-pattern were equal (8%).

In the present study, all ET patients had CE
esotropia with a high AC/A ratio. As Table 3
shows, although there was not any significant
difference in the distance and near disparity
between the slanted and augmented recession
groups preoperatively, statistically significant
reduction was found in the slanted recession
group compared with the augmented group
postoperatively (12.65 vs 8.64, P = 0.014). The
mean slant was 2.38 + 133 mm (range, 1 to

5 mm) for ET patients and 148 + 0.79 mm
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(range, 0.5 to 3 mm) for XT patients, and the mean
augmentation was 1125 + 0.25 mm for ET and 1.02
+ 0.25 mm for XT patients. A 58% success rate was
obtained in the slanted group and a 28% success
rate was observed in the augmented recession
group.

As Table 4 shows, 29 XT patients had Cl and
20 patients had true DE or exotropia with a high
AC/A ratio. There was no significant difference
between the slanted and augmented recession
groups regarding distance and near disparity,
preoperatively. The mean slant for the esotropia,
exotropia, and augmented recession groups was
2.38 +£1.33 mm, 1.48 + 0.79 mm, and 1.00—-1.50 mm,
respectively. Similar findings were also obtained in
an analysis of each XT subgroup.

In a comparison of the slanted technique
between the ET and XT patients, it was revealed
that the difference of reduction was greater in ET
cases compared to the XT cases (12.65¢,,.35 —
8.461,p104 = 4.2 pd, P = 0.04).

There were no surgical complications such as
postoperative diplopia, overcorrection, ocular tor-
sion, and new cases of A=V patterns in our study
groups.

There was a significant difference between slant
and recession methods regarding the reduction of
difference between far and near deviations, but
less success rates of 58% and 28% was found
in the slanted and augmented recession groups,
respectively. Bayramalar et al?! Ahadzadegan et
all'® and Gharebaghi et all"”! reported a success
rate of 87.6%, 69%, and 70% three and six months
after surgery, respectively, in small case series with
esotropia and high AC/A.

Khalifi et al conducted a study™ on CE ET
patients by augmented and slanted recession as
well as the PF method. They found no difference
in reduction among them but, like previous studies,
the small sample size was a limitation.

Ellis et al studied medical records of 131 CE ET
cases with a mean surgical age of nine years old.)
The reduction was 14.23 pd in slanted recession (n
= 27), 13 pd in PF (n = 22), 6.8 pd in augmented
recession (n = 58), and 5.3 pd in standard MRRec
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(n=73). They concluded that the slanted recession
caused more reduction compared to other groups.
They also observed greater reduction with longer
follow-ups.

According to the literature, the reported success
rate of the slanted technique was between 69%
and 87%, and for the augmented method, the
corresponding values were 55% and 66%.["2 710l
We had lower success for both our slanted and
augmented methods. This discrepancy could be
attributed to the differences in sample size, study
design, duration of follow-up, and surgical value
in both augmented and slanted groups in various
studies.

The amount of slanted recession is often
decided based on distance and near disparity and
shows a small difference in the literature.? ® While
greater discrepancy was found for augmented
recession method resulting from different surgical
options based on the surgeon’s priority such as:
(1) 1.0 to 1.5 mm more recession, (2) recession for
mean angle of distance and near deviations, and
(3) 1.0 mm more recession for each 10 pd difference
between distance and near deviations.

In our study, the mean slanted recession was
2.38 + 1.33 mm, while the augmented recession
was 112 mm for ET and 1.02 mm for XT patients.
It could be possible to find a non-significant
difference in the success rate of two groups if
augmented recession was conducted 1.0 mm for
each 10 pd difference between distance and near
deviations.

Various hypotheses have been suggested to
justify the mechanical effect of the slanted method
such as separate innervation of the superior and
inferior parts of the medial rectus muscle, and
different muscle length in up and down gazes
compared to the primary position."

Although van der Meulen-Schot!™® and Biettil"®!
performed slanted recession of bimedial rectus
muscles for A=V pattern in opposite directions and
reduction of distance and near difference (and both
achieved accepted results), Kushner?®! concluded
that correction of A-V pattern is achieved only
by recession itself and not by slanting. Kushner
believed that the effect of slanted recession was
neutralized after several weeks by remodeling
of the muscular sarcomeres. However, an A-V
pattern reduction, of 12 % and 14 % respectively,
was observed in ET and XT patients after the slant
recession in our study.
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N (%)

Age of operation
(years)

Sex

Prematurity

Slanted versus Augmented Recession; Rajavi et al

100

26 (26%)

Mean +SD 9.83+965 96+984

F
No
Yes

Parent consanguinity  No

Yes

Family H/O strabismus No

Yes

37 (37.0%)
63 (63.0%)
97 (97.0%)
3(3.0%)
84 (84.0%)
16 (16.0%)
88 (88.0%)
12 (12.0%)

10 (38.5%)
16 (61.5%)
26 (100.0%)
0 (0.0%)
19 (73.1%)
7 (26.9%)
22 (84.6%)
4 (15.4%)

24 (24%)
764 +2.33

10 (40.0%)
15 (60.0%)
23 (92.0%)
2 (8.0%)
19 (76.0%)
6 (24.0%)
21(84.0%)
4 (16.0%)

0.333F

> 0.999*

0.054**

0.822*

> 0.999*

25 (25%)
121+ 8.31

8(33.3%)
16 (66.7%)
23 (95.8%)
1(4.2%)
23 (95.8%)
1(4.2%)
21(87.5%)
3 (12.5%)

ET, esotropia; XT, exotropia; N, number; FU, follow-up; H/O, history of; M, male; F, female; P, probability

tBased on t-test

*Based on Chi-Square test

**Based on Fisher exact test

Pre-op. SE (D)
Pre-op. BCVA
(LogMAR)
Post-op. BCVA
(LogMAR)
Amblyopia (%)

Pre-op. Stereopsis
(%, sec/arc)

Post-op.
Stereopsis
(%, sec/arc)

Mean + SD
Mean + SD

Mean + SD

No
Yes
Central (£100)

Peripheral
(100 to 3000)

Suppression
(> 3000)

Central (£ 100)

Peripheral
(100 to 3000)

Suppression
(=3000)

173 £ 2.51

012 £ 0.16

84 (86.6%)
13 (13.4%)
15 (15%)

15 (15.4%)

70 (70%)

27 (27%)

31(31%)

42 (42%)

129271
0.19 £ 0.21

017 £ 0.2

18 (69.2%)
8 (30.8%)
1(3.8%)

1(3.8%)
24 (92.3%)

2 (7.7%)

7 (26.9%)

17 (65.4%)

219+ 2.23
0.14 + 013

0.07 £ 0.09

23 (92.0%)
(8.0%)

0 (0%)

3
2

3 (12%)
22 (88%)

4 (16%)

8 (32%)

13 (52%)

0.070%
0.497%

0.002%

0.075*

0.477%

0.516%

25 (25%)
12.92 + 13.48

9(36.0%)
16 (64.0%)
25 (100.0%)
0 (0.0%)
23 (92.0%)
2 (8.0%)
24 (96.0%)
1(4.0%)

036 +169 0.30 +137

0410 + 0.14
0.07 + 012
21(91.3%)
2 (8.7%)
6 (25%)
6 (25%)

12 (50%)

11 (45.8%)

6 (25%)

7 (29.2%)

011 +0Mm
0.09 + 0.09

22 (95.7%)
1(4.3%)
8 (32%)

5 (20%)
12 (48%)

10 (40%)

10 (40%)

5 (20%)

ET, esotropia; XT, exotropia; Op, operation; SE, spherical equivalent; D, diopter, BCVA, best corrected visual acuity;

LogMAR, logarithm of the minimum angle of resolution; sec/arc, second of arc; SD, standard deviation; P, probability

*Fisher Exact Test

#Based on Mann—Whitney test
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0.4497

0.834*

0.237

0.678*

0.155*

0.849%
0.310%

0.611%

> 0.99*

0.87%

0.578%
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N

Pre-op. difference

Post-op. difference

Reduction

Dose response

Success rate (%)**
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Mean + SD
Median (range)
Mean + SD
Median (range)
Mean + SD
Median (range)
Mean + SD

Median (range)

26 25

16.46 + 5.97 13.56 + 4.4 0.074
15 (9 to 35) 10 (10 to 20)

3.81+3.54 4.92 + 4.04 0.275

4(0t012) 6 (0 to 13)

~12.65 + 6.16 -8.64 + 6.1 0.014
—12 (-35 to —5) -8(-201t02)
-6.29 + 338 -5.99 + 3.49
~5.21(-16 to -1.6) -7 (-10t0 2)

58% 28%

ET, far esotropia; ET’, near esotropia; pd, prism diopter; N, number; Op, operation;

SD, standard deviation; P, probability

fBased on Mann—Whitney test

**Success rate was defined as the postoperative far and near deviations less than 10 pd, which was stricter compared with the
consideration of < 10 pd difference between the far and near deviations

N 24 25 19 10 5 15

Preop. difference  Mean + SD 175 +3.29 M+25 0.441  MN37x279 n+2M1 0.713 13.2 +4.87 M1+28 0.688
Median (range) 10 (9 to 20) 10 (10 to 20) 10 (10 to 20) 10 (10 to 15) 10 (9 to 19) 10 (10 to 20)

Post-op. difference Mean + SD 3.29+265 24+294 0163 3.42+269 12 +£169 0.026 2.8+268 32+336 0928
Median (range) 3(0to 8) 2 (0 to 10) 2(0to8) 0(0to4) 4 (0to 6) 2 (0 to 10)

Reduction Mean + SD —8.46 + 3.65 -86+386 0753 -795+263 -9.8+3.16 0.207 -10.4 + 6.27 -78+418 0.479
Median (range) -8.5(-19to-2) -8 (-15to 0) -8(-12to-2) -10(-15to —6) -10(-19to -4) -8(-15t0 Q)

Dose response Mean + SD -7.83 +5.54 -772 +2.85 -755+518 -8.8 +1.69 -8.87+734 -7+3.27
Median (range) -5.75(-20to-1) -8 (-10to 0) -6 (-20to -1 —10(-10 to —6) -5(-19t0 -1.33) -8(-10to 0)

Success rate (%)

92%

92%

89%

100%

100%

87%

XT, exotropia; Cl, convergence insufficiency; DE, divergence excess; pd, prism diopter; N, number; Op., operation; SD, standard

deviation; P, probability
Based on Mann—Whitney test

There was not a significant difference in reduction
between bilateral lateral rectus in the slanted
and augmented recession groups. In addition, the
postoperative success rate of 92% was obtained for
XT patients.
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Our findings are in line with a study by Chun
et al with a success rate of 84% in 31 Cl XT
children after six-months follow-up, and 1.0 mm
slanted recession resulted in an 8.7 pd reduction.

Snir et al®? studied 18 Cl adult XT patients to
compare slanted and standard recession of the
lateral rectus muscle. The success rate was 92% in
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Pre- and postoperative difference between far and near deviation of both slanted and augmented groups in esotropic

(A) and exotropic (B) patients.

slanted cases and 100% for distance deviation of
the standard group, while the near deviation was
not reduced to less than 8 pd. The dose response
was 4.6 pd for the slanted group.

On the other hand, a study by Yang et al®! with
44 Cl XT patients yielded a success rate of 60%
in augmented recession (1.0 mm more recession)
and 100% with the new R & R method, respectively
(MRRes for near and LRRec for distance deviation).
Their success was less in the augmented controls
compared with the present study (92%).

Based on a literature review, there are limited
numbers of studies about the surgical results of
the slanted procedure on XT patients with CI,
and we found no published article investigating
the result of the slanted LRRec procedure on XT
patients with true DE or XT patients with high
AC/A. All publications suggested to operate for
distance deviation and correct near esotropia by
prescription of bifocal glasses. The present study
may be the first trial to investigate the slanted
procedure on true DE XT patients.

Appropriate sample size, consideration of the
independent control group, and random sampling
are the strong points of the present study. How-
ever, lack of comparison with other surgical tech-
niques including PF is a limitation in the study of ET
patients. Additionally, lack of equal distribution of
patients in the slanted and augmented subgroups
and lack of comparison with other surgical tech-
niques including the new R & R method (MR Res.
for near and LR Rec. for distance deviation) can
be considered as the limitations in the study of XT
patients.
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In conclusion, slanted recession is recom-
mended for CE ET patients. In XT patients, either
slanted or augmented recession could be chosen
according to the priority and experience of the
surgeon.

Nil.
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