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Abstract
Purpose: To monitor the outcomes of surgical correction of esotropia in order to improve preoperative counselling for patients
and their families.
Methods: A retrospective review audit of the medical charts at King Fahad Medical City. All patients treated surgically to correct
esotropia, from January 2007 to December 2013. All operated cases were included regardless of age and esotropia etiology. The
study used a goal-determined metric to assess the outcomes of strabismus surgery > 6 months post-operatively, and on last
follow-up. The risk factors for poor surgical outcomes were identified using a Pareto chart.
Results: A total of 99 cases with sufficient documentation to determine the surgical goal were included in the analysis. The goal
was to improve eye contact (cosmetic correction) in 77.8% cases, to establish binocularity in 15.2% cases, to resolve diplopia for
4% cases, and to improve anomalous head posture for 3%. The overall outcome was excellent for 70.7% at the first follow-up and
for 57.6% at the final visit. Simultaneous vertical muscle surgery and/or superior oblique muscle palsy were risk factors for poor
outcome (odds ratio 3.15, 95% CI 1.11–8.99).
Conclusions: Excellent outcome of esotropia surgery in this study is comparable to outcomes reported internationally using the
goal determined metrics. Quality improvement processes like the Pareto chart are simple to use and helpful for determining
the risk factors associated with poor surgical outcomes after esotropia correction from different etiology.
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Introduction

Surgical correction of esotropia (ET) was pioneered at the
end of the 18th century by Dieffenbach, who performed
myotomy of the medial rectus.1 Subsequently, the surgical
correction of ET evolved to include other procedures aimed
at weakening the medial rectus and/or tightening the lateral
rectus. In recent years, and as a part of the patient safety
process, quality improvement initiatives have begun to
include detailed preoperative discussions with patients and
their family members that include the expected outcomes
of the procedure, and long term stability of outcome.
Surgical correction of ET has not been reported uniformly
in the literature, which has made counselling prior to surgery
an extremely complicated process due to the variability of ET
etiology and patient age at the time of surgery.

Surgeries to correct ET are reported to have successful
outcomes in 48.5–89.7% of cases globally.2–13 The large
variability in success rates is due to differences in the post-
operative angle from orthophoria used to assess outcome,
the etiology of ET, the type of procedure, the length of
post-operative follow-up, and other associated risk factors.
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Surgical correction of ET is the most common strabismus
surgery in the Kingdom of Saudi Arabia (KSA), comprising
3375 out of 4886 strabismus surgeries performed in a
14-year period at a single ophthalmology tertiary care insti-
tute in Riyadh.14 The outcomes of these surgeries were not
reported. Indeed, the scarcity of published reports in the
KSA makes it difficult to monitor surgical outcomes for stra-
bismus surgery to aid in pre-operative counselling. One pub-
lished study, from KSA, that reviewed all strabismus surgeries
in adults performed between 2000 and 2007 at a single cen-
ter found a success rate of 80% based on achieving a post-
operative angle <20 prisms from orthophoria.15 Monitoring
the outcome of health care delivery improves the decision
making process for physicians, and patients who choose
surgical correction, and it is important so that patients and
their families can provide fully informed consent prior to a
surgical procedure. Due to the unclear unified metrics used
to audit the outcomes of strabismus surgery, consent is
incomplete. There are currently just a few studies that can
be used to inform patients’ about surgical outcome, but none
from KSA.10,12

This study reviewed the 6-month and long-term outcomes
of ET surgery correction performed at a single center in the
KSA and assessed the potential risk factors associated with
poor outcome following the goal-determined metrics tool
published in 2014.10
Patients and methods

A retrospective chart review was conducted in 2016 of ET
cases operated on at ‘‘XXX’’ from January 2007 until Decem-
ber 2013. We reviewed both the primary outcome at the first
post-operative visit, 6-month follow-up, and the final out-
come at the last recorded visit. The inclusion criteria were
all-etiology ET plus a minimum post-surgery follow-up of
6 months. Patients were included regardless of age. Patients
with insufficient documentation to determine the goal of sur-
gery or who had <6 months of post-operative follow-up were
excluded from the study.
Table 1. Goal determined outcomes criteria of esotropia surgery.10

Goal Outcome

Binocular potential Excellent

Good

Poor

Cosmetic Excellent
Good
Poor

Torticollis Excellent
Good
Poor

Diplopia Excellent
Good
Poor
The study protocol followed the tenets of the Declaration
of Helsinki and was approved by the Institutional Review
Board at XXX prior to the start of the chart review. A data col-
lection sheet was created to record the information from the
patients’ charts based on a form created in the goal-
determined metrics study.10 The data sheet was modified
to make it easier to fill in. The name of the surgeon was not
included as a variable in this study, and no patient question-
naires were used in the audit. The data were entered into an
Excel spreadsheet for analysis. We recorded patient demo-
graphic data at the initial assessment, ophthalmic findings
at the last preoperative assessment, at the first post-
operative assessment, and at the final follow-up assessment.

The data form was created to document the results of the
sensorimotor examination (if this examination was per-
formed) and the factors that seemed the most likely to influ-
ence the success of the surgery, based on the study by
Ehrenberg.10 The goals of strabismus surgery include the fol-
lowing: (1) improve eye contact (cosmetic correction); (2)
establish binocularity; (3) resolve diplopia in the primary posi-
tion and the reading position; and (4) improve anomalous
head posture (AHP). If the goal for surgery was not clearly
stated in the patient notes, ‘cosmetic’ was used as the goal
by the researchers if there was no diplopia and if AHP was
not mentioned in the patient’s chart. If the surgery was per-
formed when the patient was 3 years old or younger, binoc-
ular potential was used as a goal if no goal was recorded.

Age at surgery was included as a factor that might influ-
ence the success of the outcome. It was used as a continuous
variable and also as a categorized variable by dichotomizing
it to �60 months vs. >60 months. Other factors that were
included were previous strabismus surgery, amblyopia, sex,
and refraction status by calculating the spherical equivalent
in diopters. The presenting ET angle was used as a continu-
ous variable and was also dichotomized to �50 vs. <50 prism
diopters (P.D.) as measured by the simultaneous prism and
cover test or by the Krimsky test. A cerebral palsy (CP) diag-
nosis, delays in milestones, seizure disorders, having under-
gone surgery for brain tumor, or having central nervous
system disease (CNSD) was combined as a risk factor called
Definition

Distance ET1 � 10P.D.2 or XT3 � 5P.D.
Near No XT, any ET
Distance ET � 15P.D. or XT � 10P.D.
Near X(T) �10P.D. any ET
Distance ET > 15P.D. or XT > 10P.D.
Unplanned reoperation (horizontal) or Developed
post-operative vertical deviation

�10P.D. ET or � 10P.D. XT
�15P.D. ET or � 15P.D. XT
Unplanned reoperation (horizontal)
Developed post-operative Vertical deviation

Torticollis � 8P.D.
Torticollis > 8 to � 12P.D.
Planned reoperation for diplopia or torticollis or > 12 degrees
Developed post-operative vertical deviation

No diplopia in the primary position
Diplopia controlled with prism � 10P.D. in the primary position
Unplanned reoperation for diplopia or diplopia not controlled
with prism correction
Developed post-operative vertical deviation
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CP/CNSD. Premature birth and Down’s syndrome (if
recorded in the chart) were combined as a single risk factor;
similarly, 6th nerve palsy and Duane’s syndrome were com-
bined as a risk factor as were superior oblique (SO) palsy
and simultaneous vertical muscle surgery. Other diagnoses,
like Brown syndrome, midface deformity, and syndromatic
features, were combined together as one risk factor.

The goal-determined success criteria are shown in Table 1
as were proposed in the study by Ehrenberg et al.10 Patients
who developed post-operative vertical deviation that was not
present preoperatively were considered to have a poor out-
come. Consecutive vertical deviation was added as an extra
metric to assess the outcome of the surgery in our audit.

Since the study was performed as a clinical audit, the Par-
eto principle or the 80:20 principle (which states that 20% of
the variables are responsible for 80% of the defects) was
applied by creating a Pareto chart that identified the risk fac-
tors responsible for 80% of the poor surgical outcomes.16
Statistical analysis

Descriptive analyses of the demographic characteristics of
the study cases were reported using medians with interquar-
tile ranges (IQs) for continuous variables and proportions for
categorical variables. Univariate analysis of risk factors was
performed using a dichotomous outcome variable, poor vs.
successful, with successful defined as either an excellent or
good outcome. Differences in medians were analyzed using
the Mann-Whitney U test for continuous variables and the
chi-square test or Fisher’s exact test, as appropriate, for cat-
egorical variables. A logistic regression model was created
that included risk factors for poor outcome that were identi-
fied in the Pareto chart. All analyses were performed using
the StatsDirect software program, and the significance level
was set as P � 0.05.
Results

During the study period from January 2007 to December
2013, a total of 329 strabismus surgeries were performed
Table 2. Characteristics of the study cohort according to the goal of surgery, a

Variable Overall Cos

N = 99 N =

Age at presentation in years, median (IQR)b 4 (1, 7) 5 (2
Age at the time of surgery in months, median

(IQR)
71 (46, 114) 79 (

Length of follow-up post-surgery in months,
median (IQR)

39 (20, 61) 40 (

Length of follow-up prior to surgery in months,
median (IQR)

12 (5, 24) 14 (

Spherical equivalent REc, median (IQR) + 2.00 (+0.75,
+3.25)

+2.0
+3.5

Angle of deviation in P.Dd., median (IQR) 35 (25, 50) 35 (
Male sex, N (%) 50 (50.5%) 42 (
Any risk factor, N (%) 78 (78.8%) 60 (
Excellent outcome, N (%) 59 (59.6%) 45 (
Good outcome, N (%) 8 (8.1%) 7 (9
Poor outcome, N (%) 32 (32.3%) 25 (

a AHP = anomalous head poster.
b IQR = interquartile range.
c RE = right eye.
d P.D. = prisms diopter.
at KFMC. Of these, 143 (43%) cases were performed to cor-
rect ET, and 111 cases (78%) had enough data in their elec-
tronic files to be included in the study. The final analysis
included 99 cases, with 12/111 (10.8%) cases excluded
because there was no post-surgical follow-up as the patients
did not attend any appointments.

Out of the 99 cases included in our study, 77 (77.8%) were
operated on to improve the cosmetic appearance; 15 (15.2%)
to establish binocularity; 4 (4%) to resolve diplopia; and 3
(3%) to improve AHP. One or more risk factor was identified
In 78 (78.8%) cases, with angle � 50P.D. being the most com-
mon risk factor, recorded in 25 (25.3%) cases. The demo-
graphic data of the study cases and the outcomes
according to the goal of surgery are shown in Table 2.

An overall excellent outcome was achieved in 70 (70.7%)
cases at the first follow-up and in 57 (7.6%) cases at the final
visit. Fig. 1 shows the distribution of outcomes according to
the different surgery goals at the first postoperative visit
and at the final visit. Reoperation was performed in 10
(10.1%) cases: 6 cases in the cosmetic group, 1 in the binoc-
ular potential group, 1 in the diplopia group, and 2 in the
AHP group. The second surgery was performed to correct
residual ET in 5 cases, consecutive XT in 3 cases, and consec-
utive vertical deviation in 2 cases. The choice to undergo
surgery and the degree of correction was not studied in this
audit, but the most common procedure was bimedial rectus
recession (BMR) in 55 of 99 cases (55.6%), followed by BMR
with simultaneous inferior oblique surgery in 12 of 99 cases
(12.1%).

For the dichotomized outcome variable, 33 of 99 cases
(33.3%) had poor outcomes and 66 of 99 cases (66.7%) had
successful outcomes at the final post-operative visit. We
found that 78 of 99 cases (78.8%) had at least one risk factor,
including 26 cases with a poor outcome and 52 with a suc-
cessful outcome; there was no significant difference between
the two groups in terms of the rate of any of the risk factors
(P > 0.9999).

The Mann-Whitney U test showed that the median age at
presentation at the ophthalmology clinic was similar in both
groups 65 months in the poor outcome group vs. 45 months
in the successful outcome group (two-sided P = 0.61). The
nd surgery outcome.

metic Binocular
Potential

Diplopia AHPa

77 N = 15 N = 4 N = 3

, 7) 1 (<1, 1) 14.5 (11, 24) 6 (1, 18)
55, 114) 24 (18, 32) 187.5

(146,303.5)
83 (22, 226)

26, 61) 39 (16, 65) 12.5 (9.5,17.5) 13 (11, 73)

5, 29) 12 (6, 12) 7.5 (4, 11) 1 (0, 1)

0 (+1.00,
0)

+2.75 (+2.25,
+3.50)

�0.75 (�8.50,
+0.25)

�0.25 (�1.25,
+1.00)

25, 50) 35 (30, 40) 28 (23, 38) 25 (20, 30)
54.6%) 5 (33.3%) 1 (25%) 2 (66.7%)
77.9%) 11 (73.3%) 4 (100%) 3 (100%)
58.4%) 11 (73.3%) 3 (75%) 0 (0%)
.1%) 0% 0% 1 (33.3%)
32.5%) 4 (26.7%) 1 (25%) 2 (66.7%)



Fig. 1. Outcomes of surgical correction of esotropia according to the goal of surgery, at the first and final post-operative visits. AHP, improve anomalous
head posture; BINOC, binocular potential goal; COSM, cosmetic goal; DIPL = resolve diplopia goal.

Table 3. Descriptive analysis of risk factors by the goal of surgery.

Risk factor N (%) Overall
N = 99

Cosmetic
N = 77

Binocular potential
N = 15

Diplopia
N = 4

AHPa

N = 3

�50P.D.b 25 (25.3%) 22 (28.6%) 3 (20.0%) 0 (0%) 0 (0%)
Simultaneous vertical muscle surgery/SOc 19 (19.2%) 15 (19.5%) 3 (20.0%) 0 (0%) 1 (33.3%)
CP/CNSDd 21 (21.2%) 15 (19.5%) 3 (20.0%) 3 (75.0%) 0 (0%)
Prematurity/Down’s syndrome 15 (15.2%) 11 (14.3%) 4 (26.7%) 0 (0%) 0 (0%)
Prior squint surgery 4 (4.0%) 4 (5.2%) 0 (0%) 0 (0)% 0 (0) %
Sixth nerve/Duane’s Palsy 10 (10.1%) 5 (6.5%) 2 (13.3%) 1 (25.0%) 2 (66.7%)
Othere 10 (10.1%) 8 (10.4%) 1 (6.7%) 1 (25.0%) 0 (0%)
Amblyopia 44 (44.4%) 38 (49.4%) 5 (33.3%) 0 (0%) 1 (33.3%)

a AHP = anomalous head posture.
b P.D. = prism diopter.
c SO = superior oblique palsy.
d CP = cerebral palsy/CNSD = central nervous system tumors or surgery, seizure disorder, delayed milestones.
e Other = Brown’s syndrome, midface deformity, syndromatic features.
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median age at surgery was similar for both groups,
79 months in the poor outcome group vs. 69 months in the
successful outcome group (two-sided P = 0.84). The spherical
equivalent (SE) in both eyes was similar: SE in the right eye
was + 2.00 diopters (IQR + 0.75, +3.25), and SE in the left
eye was + 2.50 (IQR + 0.75, +3.50) (two-sided P = 0.47).
Using the right eye SE for the univariate analysis of refractive
status as a risk factor showed similar medians in the poor out-
come group (+1.25) vs. the successful outcome group (+2.00)
(two-sided P = 0.41). There was no difference in the median
preoperative angle in the poor vs. successful outcome
groups (40 vs. 35P.D.; two-sided P = 0.15).

Table 3 shows the categorized risk factors according to
surgery goal, and Table 4 shows the univariate analysis in
which the chi-square test was used to compare poor vs. suc-
cessful outcomes. The only risk factor that was found to be
significant was simultaneous vertical muscle surgery/SO palsy
(P = 0.027). Sex was not found to be a risk factor for poor
outcome, with 18/33 males in the poor outcome group vs.
32/66 males in the successful outcome group (two-sided
P = 0.57).
The multivariate analysis model included the risk factors
identified by the Pareto chart (Fig. 2) and showed that only
simultaneous vertical muscle surgery/SO palsy was signifi-
cantly associated with poor outcome of surgery (odds ratio
= 3.15, 95% CI 1.11–8.99).

No complications were reported intraoperatively in this
study. One case developed transient ptosis after the Botox
injection but recovered within 10 days, but there were no
other post-operative complications.
Discussion

This surgical outcome audit was performed to investigate
outcomes for an ophthalmic procedure that is frequently per-
formed in strabismus unit. To our knowledge, no other similar
studies have been conducted in the KSA, so our findings will
help improve preoperative counseling for patients consider-
ing surgical treatment of ET. The ET rates in the KSA have
been reported in a few hospital-based studies to be between
36.9% and 38%, but no population studies have assessed the



Table 4. Univariate analysis of risk factors using the chi-square/Fisher’s exact test.

Risk factor N (%) Overall
N = 99

Poor outcome
N = 33 (33.3%)

Successful outcome
N = 66 (66.7%)

P value

Amblyopia
Yes 44 11 (33.3%) 33 (50.0%) 0.12
No 55 22 (66.7%) 33 (50.0%)

Presenting angle � 50P.D.a ET
Yes 26 12 (36.4%) 14 (21.2%) 0.11
No 73 21 (63.6%) 52 (78.8%)

CP/CNSDb

Yes 22 5 (15.2%) 17 (25.8%) 0.23
No 77 28 (84.8%) 49 (74.2%)

Prematurity/Down’s syndrome
Yes 15 3 (9.1%) 12 (18.2%) 0.23
No 84 30 (90.9%) 54 (81.8%)

Age category
�60 41 13 (39.4%) 28 (42.4%) 0.77
>60 58 20 (60.6%) 38 (57.6%)

Simultaneous vertical muscle surgery/SOc

Yes 18 10 (30.3%) 8 (12.1%) 0.027
No 81 23 (69.7%) 58 (87.9%)

Sixth nerve/Duane’s Palsy
Yes 10 4 (12.1%) 6 (9.1%) 0.64*

No 89 29 (87.9%) 60 (90.9%)

Prior strabismus surgery
Yes 4 2 (6.1%) 2 (3.0%) 0.51*

No 95 31 (93.1%) 64 (97.0%)

Otherd

Yes 10 2 (6.1%) 8 (12.1%) 0.38*

No 89 31 (93.9%) 58 (87.9%)

a P.D = prism diopter.
b CP = cerebral palsy/CNSD = central nervous system tumors or surgery, seizure disorder, delayed milestones.
c SO = superior oblique palsy.
d Other = Brown’s syndrome, midface deformity, syndromatic features.
* Fisher’s exact test.

Fig. 2. Pareto chart showing the potential risk factors for poor surgical outcome. The risk factors to the right of the triangle were included in the logistic
regression model. ET, esotropia; Other, Brown’s syndrome, midface deformity, or syndromatic features; SO, superior oblique palsy.
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burden of the disease or reported the number of ET cases
requiring surgeries.17,18

The overall excellent outcome rate (Table 1) was 70.7% at
the first post-operative visit but dropped to 57.6% at the final
assessment which points to unstable favorable outcome. This
audit looked at >12 risk factors that were previously reported
to be associated with poor outcome, but only having a simul-
taneous vertical muscle surgery and/or SO palsy influenced
the final outcome.

In the cosmetic goal group, an excellent outcome was
found in 68.8% at the first post-operative visit but dropped
to 58.4% at the last visit, while a poor outcome was found
in 20.8% at the first visit and increased to 32.5% at the last
visit. These findings are generally similar to those in other
studies.2–13 The reoperation rate was 10.1%, which is within
the range of rates reported internationally (6–23.8%) in
studies of patients with variable etiology of ET and of differ-
ent ages.2,4,7–9 We still do not have any data concerning the
long-term (�10-year) follow-up outcomes in the KSA, in this
study 75% of cases were followed for �5 years. One
population study reported that 1 out of 2 operated cases
required a second procedure during a 10-year follow-up
period.13 Thus, the long-term expectations for surgical
correction need to be clarified at KSA to clarify the stability
of surgical outcome.

Outcome audits for any surgical procedures help improve
quality of care, aid in case selection, help clarify and manage
the expectations of patients and their families prior to the
provision of informed consent. Correction of ET is a common
procedure and mostly involves young patients with a long life
expectancy. It is imperative that centers that perform ET
correction surgeries also perform audits of the outcomes of
surgery in order to maintain optimal quality of care. The find-
ings of our audit may not be generalizable to other centers,
depending on the etiology of ET and the age group treated,
but a general comparison can be made using similar goal-
determined metrics as an audit tool.
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