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Cross-sectional area measurement and fiber type distribution 
after bupivacaine injection in the rabbit extraocular muscle
Luisa M. Hopker1, Juliana Neves2, Daiane Nascimento3, 
Tomas Mendonça1, Edmar Zanoteli2, Norma Allemann1. 
1Ophthalmology, Federal University of Sao Paulo, Curitiba, Brazil; 
2University of Sao Paulo, Sao Paulo, Brazil; 3Hospital Evangelico de 
Curitiba, Curitiba, Brazil.
Purpose: Bupivacaine (BUP) injection in extraocular muscles 
(EOM) has been used to correct small angle strabismus in adults. 
The mechanism behind its effect is not completely understood. It 
has been demonstrated that it causes an initial necrosis followed by 
regeneration with an increase in strength. No previous study reported 
fiber composition changes after its injection. This experimental 
study aims to show changes in cross-sectional area of the myofibers 
and distribution of fiber types after injection of BUP in the EOM of 
rabbits.
Methods: 40 male New Zealand rabbits were selected, 8 were 
age-matched controls. 32 rabbits received 0.3 ml of Bupivacaine 
1.5% in the superior rectus (SR) of right eye (OD) and were 
sacrificed at 7,28,60 and 92 days. Haematoxylin & Eosin stain was 
performed and ImageJ was used to measure cross-sectional area. 
Immunohistochemistry was performed to analyze the proportion of 
fibers types 1 (Myo1) and 2 (Myo2), as well as the fibers with high 
proportion of embryonic myosin (MyoEmb) expression. Cross-
sections of each muscle fiber type were analyzed by manual tracing. 
Comparisons between groups were made by Kruskal-Wallis test.
Results: There was a difference in the area measurement between 
groups 7-day vs 60-day (909±255μm2;1,492±404, p=0.002), 7-day 
vs 92-day (909±255μm2;1,317±334μm2;p=0.012) and 28-day vs 
60-day (1,062±363 μm2; 492±404μm2;p=0.043). The proportion 
of Myo1 was increased in the 60-day (88.5±16.2%;) group when 
compared to following groups: Control (56.4±16.3%;p=0.005), 7-day 
(51.6±15.9%;p=0.002) and 92-day (53.3±10.2%;p=0.005). There was 
no statistical significant difference in Myo2. There was a decrease 
in MyoEmb in the 60-day group (46.7±21.8%) when compared to 
control (79±14.2%;p=0.011), 7-day (82±13.4%; p=0.003) and 92-day 
(81.8±21.8%;p=0.003) groups.
Conclusions: Bupivacaine, when injected in the SR of rabbit 
decreases the fibers area around 7 days probably due to necrosis 
followed by a transient increasing trend and recovery to its initial 
size. The transient increase of Myo1 and decrease in MyoEMB at 
60 days might play a role in force generation observed after BUP 
injection in clinical studies. Further research in rabbits analyzing 
fiber composition and EOM strength is needed to understand 
how increased type 1 fibers proportion could possibly correlate to 
strabismus correction after BUP administration seen in the clinical 
practice.
Commercial Relationships: Luisa M. Hopker, None; 
Juliana Neves, None; Daiane Nascimento, None; 
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A novel type of multiple innervation and a complex relation 
between desmin and innervation in human extraocular muscles
Fatima Pedrosa Domellof1, Jing-Xia Liu2. 1Dept of Clinical 
Sciences, Ophthalmology, Umea University, Umea, Sweden; 2Dept 
of Integrative Medical Biology, Anatomy, Umea University, Umea, 
Sweden.
Purpose: To investigate the relation between the location of motor 
endplates and the lack of desmin previously found in a subgroup of 
muscle fibers containing myosin heavy chain slow tonic (MyHCsto) 
in human extraocular muscles (EOMs).
Methods: Nine EOMs collected from 6 healthy subjects (42, 47, 64, 
68, 81, 82 years old) were processed for immunohistochemistry with 
antibodies against desmin, MyHC isoforms and markers of endplates 
and axons.
Results: A novel type of multiple innervation was found in the 
human EOMs, in addition to the other well-known types of endplates, 
i.e. i) “en plaque” endplates found in all muscle fibers, ii) “en grappe” 
endplates found in multiply innervated fibers containing MyHCsto 
and iii) palisade endings found close to the tendon. This novel type 
of multiple innervation consisted of several typical large “en plaque” 
motor endplates present along approximately 500-microns long 
segments of individual muscle fibers. These multiply innervated 
muscle fibers lacked MyHCslow and fast2A, and were therefore 
classified as muscle fibers containing MyHCeom. Desmin was 
generally absent in a segment of any fiber type in the vicinity of its 
typical, single “en plaque” motor endplate. It was also absent from 
MyHCsto muscle fibers containing “en grappe” endplates. Desmin 
was either absent or present in muscle fibers containing the novel 
multiple “en plaque” endplates. Finally, desmin was present in the 
slow tonic muscle fibers receiving palisade endings.
Conclusions: Our data indicate that an additional type of multiply 
innervated fiber type lacking MyHCslow and fast2A, exists in 
the human EOMs. Furthermore, the cytoskeletal organization 
of the muscle fibers at the endplates in the human EOMs differs 
fundamentally from those of limb muscles, where desmin is 
concentrated in the folds of the neuromuscular junction and 
postulated to have an important role in cell signalling.
Commercial Relationships: Fatima Pedrosa Domellof, None; 
Jing-Xia Liu, None
Support: Supported by grants from Stiftelsen KMA, Cronqvists 
stiftelse, Ögonfonden, Swedish Research Council (2015-02438), 
County Council of Västerbotten (Cutting Edge Medical Research; 
Central ALF)

Program Number: 3438
Presentation Time: 4:15 PM–4:30 PM
Effects of Glial Derived Neurotrophic Factor on Contractile 
Properties of Extraocular Muscle
Linda K. McLoon, Krysta R. Fitzpatrick. Ophthalmology and Visual 
Neurosciences, University of Minnesota, Minneapolis, MN.
Purpose: Previous studies have implicated glial derived neurotrophic 
factor (GDNF) in the development of strabismus. Microarray 
studies of extraocular muscles from subjects with strabismus 
showed decreased GDNF gene expression (Agarwal et al., 2016). A 
previous study showed that early sustained GDNF treatment of infant 
non-human primates resulted in the development of a significant 
strabismus (McLoon et al., 2016). To further investigate the effect of 
GDNF in extraocular muscles, we analyzed twitch and muscle fiber 
properties of adult rabbit superior rectus muscles following sustained 
GDNF treatment.
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Methods: Pellets were implanted under superior rectus muscles of 
adult rabbits, supplying GDNF at a dose of 1μg/day with a placebo 
pellet transplanted on the contralateral side. One month after 
implantation, the GDNF and placebo muscle forces were determined 
using in vitro physiological methods, and these data were compared 
to naïve control muscles. Muscles were processed for histology and 
myofiber cross-sectional areas were determined.
Results: Analysis of muscle force generation parameters at 10 hertz 
(hz) showed significant decreases in time to 50% relaxation and time 
to 100% relaxation for the GDNF treated muscles, on average over 
30% longer, compared to naïve controls. There were minimal changes 
in the placebo treated muscles compared to controls. The maximum 
rate of relaxation was significantly reduced for the GDNF (36% 
slower) and placebo (16% slower) treated muscles when compared 
to naïve controls. No changes were seen in time to peak force, 
maximum rate of contraction, or in total force generated at 10hz. 
Myofibers of the GDNF treated muscles were significantly larger 
than naïve control muscles along the length of the treated muscles, on 
average 2-fold larger.
Conclusions: Sustained GDNF treatment of adult rabbit superior 
rectus muscles caused significant changes to overall time and rate 
of muscle relaxation after 10hz stimulation. In addition, treated 
myofibers were significantly larger after 1 month of GDNF treatment. 
These functional studies, combined with the evidence that muscles 
from human strabismus subjects had decreased GDNF gene 
expression and that sustained GDNF treatment of infant monkey 
muscles induced strabismus, support the hypothesis that altered 
GDNF signaling between the muscles and their innervating motor 
neurons may play a role in the etiology of infantile strabismus.
Commercial Relationships: Linda K. McLoon, None; 
Krysta R. Fitzpatrick, None
Support: NEI R0I EY15313, P01EY11375, the Minnesota 
Lions Foundation, and an unrestricted grant to the Department of 
Ophthalmology and Visual Neurosciences

Program Number: 3439
Presentation Time: 4:30 PM–4:45 PM
Identification of a novel putative variant in the EPHA2 gene 
on Chromosome 1p in a family with exotropia by whole exome 
sequencing
Zia Chaudhuri1, 3, Jibin John3, Satinder Aneja2, BK Thelma3. 
1Department of Ophthalmology, Lady Hardinge Medical College, 
University of Delhi, New Delhi, India; 2Department of Pediatrics, 
Lady Hardinge Medical College, University of Delhi, New Delhi, 
India; 3Department of Genetics, University of Delhi South Campus, 
New Delhi, India.
Purpose: Familial inheritance of primary concomitant horizontal 
strabismus (PCS) has been noted but its genetic components remain 
unidentified. The most significant finding so far has been localization 
of the STBMS1 locus on chromosome 7. Recently, next generation 
sequencing (NGS) technology has emerged as a powerful tool in 
discovery genomics. In this study, we aimed to identify novel gene(s) 
for PCS using informative families and whole exome sequencing 
(WES) approach
Methods: A three generation family with likely autosomal dominant 
large angle exotropia was prospectively recruited following 
phenotypic assessment and pedigree analysis. DNA isolated from 
peripheral venous blood was used for WES (Agilent V5 + UTR on an 
Illumina platform).
Results: WES identified a heterozygous missense mutation in the 
EPHA2 gene on chromosome 1p which segregated in all five affected 
members but not in the three unaffected members. The variant was 
confirmed by PCR Sanger-sequencing.

Conclusions: EPHA2 gene belongs to the ephrin receptor subfamily 
of the protein tyrosine kinase family and has been implicated in 
the regulation of many aspects of mammalian development in 
multiple organs. It has attracted special attention in the field of lens 
development, especially cataractogenesis. EPHA2 gene appears to be 
functionally relevant for PCS warranting investigations in additional 
familial and sporadic cohorts. WES on informative families with 
clear modes of inheritace may provide a valuable resource for 
uncovering potential novel causal variants for PCS.
Commercial Relationships: Zia Chaudhuri, None; Jibin John, 
None; Satinder Aneja, None; BK Thelma, None
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Factors associated with atypical postoperative drift following 
surgery for consecutive exotropia
David A. Leske1, Sarah R. Hatt1, Steven Maxfield1, Jae Ho Jung1, 2, 
Jonathan M. Holmes1. 1Ophthalmology, Mayo Clinic, Rochester, 
MN; 2Ophthalmology, Pusan National University Hospital, Yangsan, 
Korea (the Republic of).
Purpose: To evaluate the associations of clinical and surgical factors 
with atypical postoperative drift, in patients undergoing surgery for 
consecutive exotropia (XT).
Methods: We reviewed records of 66 patients (aged 12-82 years) 
undergoing unilateral recess-advance/resect surgery for consecutive 
XT with the lateral rectus muscle on an adjustable suture. Pre-
op distance angle of deviation (by prism and alternate cover test 
[PACT]) ranged from 12 to 60 prism diopters (PD) (median 25 PD) 
and immediate post-op target was 4 to 10 PD esotropia at distance, 
anticipating a small post-op exodrift. Post-op drift was calculated as 
change in distance angle by PACT from immediately post-adjustment 
to 6 weeks post-op. Typical drift was defined as 0 to 9 PD exodrift. 
Atypical drift was defined as either: 1) 10 PD or more exodrift, 2) any 
esodrift. Univariate and multiple logistic regression analyses were 
performed to evaluate associations with clinical and surgical factors. 
Univariate factors significant at a level of P<0.1 were included in 
multiple logistic regression analyses.
Results: At 6 weeks, median overall drift was an exodrift of 4 PD 
(quartiles 0 to 10 PD, confirming our a priori definition of typical 
drift). 18 (27%) of 66 patients showed excessive exodrift and 
15 (23%) showed esodrift. For excessive exodrift, in univariate 
analyses, there were associations with larger pre-op XT at distance 
(P=0.004) and near (P=0.07), and with greater post-adjustment 
distance esotropia (P=0.08). In multiple logistic analysis, only larger 
pre-op XT at distance remained associated (P=0.01). For esodrift, 
in univariate analyses there were associations with greater number 
of previous surgeries (P=0.04), medial rectus attachment status 
(P=0.009 [classified as either normal, abnormal, attached to pulley 
or behind pulley; esodrift associated with a non-normal attachment]) 
and larger medial rectus surgical dose (P=0.06). In multiple logistic 
analysis only medial rectus attachment status (non-normal) remained 
associated with esodrift (P=0.02).
Conclusions: The association of excessive post-op exodrift with 
larger pre-op exodeviations, and post-op esodrift with medial rectus 
attachment being non-normal, may guide pre-op and intra-op surgical 
planning for consecutive XT.
Commercial Relationships: David A. Leske, None; 
Sarah R. Hatt, None; Steven Maxfield, None; Jae Ho Jung, None; 
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Support: NIH Grant EY024333 (JMH), Research to Prevent 
Blindness, and the Mayo Foundation
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Effect of target parameters on fixational saccades in strabismic 
monkeys
Suraj Upadhyaya, Mythri Pullela, Santoshi Ramachandran, 
Samuel Adade, Anand C. Joshi, Vallabh E. Das. College of 
Optometry, University of Houston, Houston, TX.
Purpose: Fixation in strabismic monkeys and humans is unstable. 
We have shown earlier that fixation stability as measured by a 
bivariate contour ellipse area (BCEA) metric is influenced by target 
shape and size parameters in normal and strabismic monkeys. One 
component of fixational eye movements that may contribute to 
fixational instability is fixational saccades. The purpose of this study 
was to evaluate the effect of target parameters on fixational saccades 
in strabismic monkeys.
Methods: Three juvenile prism-reared strabismic monkeys, 
implanted with binocular search coils, were presented with fixation 
targets of two different shapes (‘%’optotype and Disk) and two 
different sizes (0.5° and 2°) during monocular and binocular viewing. 
Each of the twelve combinations were presented 5 times for 60sec. 
A microsaccade detection algorithm modified from an unsupervised 
clustering method published by Otero-Millan and colleagues was 
used to detect saccades within the fixation data. Amplitude, frequency 
and direction of fixational saccades were calculated and analysed 
using multi-factorial ANOVA. Strabismic monkey data were 
compared with data from two monkeys with normal eye alignment.
Results: We analysed ~21000 fixational saccades in the three 
strabismic monkeys. When compared to normal monkeys, amplitude 
of fixational saccades in both the viewing and non-viewing eye was 
greater in one strabismic monkey but frequency of fixational saccades 
was greater in all strabismic monkeys for at least one viewing 
condition. Target shape and size effects on amplitude of fixational 
saccades in the viewing eye were inconsistent across the strabismic 
monkeys. Target shape effects on frequency of fixational saccades 
were inconsistent but larger targets showed increased frequency in 
the viewing eye. Unlike in the normal monkey, a polar histogram of 
saccade directions did not resemble target shape.
Conclusions: The increased fixational instability observed in the 
strabismic monkeys could be partially due to increased amplitude 
and/or frequency of fixational saccades. Increase in frequency of 
fixational saccades is largely due to the quick phases of nystagmus. 
Target shape and size effects on fixation stability were not replicated 
when analysing fixational saccade amplitudes. Unlike in the 
normal monkey, directions of fixational saccades are dominated by 
nystagmus direction and therefore does not help in extracting salient 
feature of objects.
Commercial Relationships: Suraj Upadhyaya, None; 
Mythri Pullela, None; Santoshi Ramachandran, None; 
Samuel Adade, None; Anand C. Joshi, None; Vallabh E. Das, 
None
Support: NIH Grant EY026568; NIH Grant EY022723; NIH Grant 
EY07551
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Multiple Short Daily Periods of Normal Visual Experience Can 
Preserve Stereopsis in Optical Strabismus
Janice M. Wensveen, Earl L. Smith, Li-Fang Hung, 
Baskar Arumugam, Ronald Harwerth. College of Optometry, 
University of Houston-Main Campus, Houston, TX.
Purpose: Purpose: Stereopsis is preserved during optical strabismus 
in young monkeys by 2 continuous hours of binocular vision per day. 
We investigated the effect on stereopsis of multiple short periods of 
binocular vision (totaling 1 hour/day) to determine whether normal 
visual experience must total 2 hours, and whether that interval needed 
to be continuous.
Methods: Methods: Starting at 4 weeks of age and continuing for 
6 weeks, four infant monkeys were reared with 30 prism diopters 
base-in. Monkeys were provided four 15-minute periods of binocular 
vision each day by replacing the prisms with plano lenses. Results 
were compared to monkeys that were similarly prism-reared either 
continuously, or allowed 2 hours of binocular vision per day for 4 
weeks, 6 weeks, or 16 weeks. Six normally reared monkeys provided 
control data. Behavioral methods were employed to measure spatial 
contrast sensitivity, eye alignment, and stereopsis with Gabor and 
random dot targets.
Results: Results: All four monkeys maintained normal binocular 
eye alignment. Three of the monkeys reared with four 15-minute 
periods of binocular vision each day demonstrated stereopsis ranging 
from near-normal (50 arcsec) to within a factor of 10 (150 arcsec) of 
normal (20 arcsec). One monkey developed a myopic anisometropia 
and despite having relatively equal contrast sensitivity with optical 
correction, could not discriminate stereoscopic depth despite 
extensive training.
Conclusions: Conclusions: During early development, the effects 
of normal visual experience are weighed more heavily than those 
of abnormal vision. Multiple short periods of binocular vision were 
effective in preserving near-normal stereopsis in monkeys that 
were without other impediments to normal disparity processing. 
These results are encouraging for parents of strabismic children, in 
that substantial beneficial effects could result from relatively short 
multiple daily intervention periods.
Commercial Relationships: Janice M. Wensveen, None; 
Earl L. Smith, None; Li-Fang Hung, None; Baskar Arumugam, 
None; Ronald Harwerth, None


