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Clinical Sites

Sites are listed in order by number of participants enrolled (in parenthesis).

Personnel are listed as (I) for Investigator, (C) for Coordinator or (E) for Examiner.

Houston, TX - Texas Children’s Hospital — Department of Ophthalmology (22)

Evelyn A. Paysse (1); Amit R. Bhatt (I); Kelsie B. Morrison (1); Irene T. Tung (1); Kimberly G. Yen (l); Gihan Romany (C)
Omaha, NE - Children’s Hospital & Medical Center (22)

Donny W. Suh (I); Whitney R. Brown (I); Rachel M. Smith (I); Carolyn Chamberlain (C); Samiksha Fouzdar Jain (E); Linda A.
Morgan (E)

Chicago Ridge, IL - Ticho Eye Associates (17)

Benjamin H. Ticho (I); Megan Allen (1); Birva K. Shah (I); Deborah A. Clausius (C); Micaela N. Quebbemann (E)

Virginia Beach, VA - Virginia Pediatric Eye Center (17)

Eric R. Crouch (1); Earl R. Crouch, Jr. (1); Stacy R. Martinson (l); Gaylord G. Ventura (C)

Cincinnati, OH - Cincinnati Children’s Hospital (16)

Michael E. Gray (l); Melissa L. Rice (1); Neil Vallabh (C); Shemeka R. Forte (E); Miqua L. Stewart (E)

Kansas City, MO - Children’s Mercy Hospitals and Clinics (15)

Amy L. Waters (I); Justin D. Marsh (1); Rebecca J. Dent (C); Adriana M. Ferreira (E); Jennifer N. Qayum (E); Christina M.
Twardowski (E)

Baltimore, MD - Greater Baltimore Medical Center (14)

Mary Louise Z. Collins (1); Allison A. Jensen (I); Maureen A. Flanagan (C); Saman Bhatti (E); Cheryl L. McCarus (E); Tiffany T.
Tolbert (E)

Chicago, IL - Ann & Robert H. Lurie Children’s Hospital of Chicago (14)

Sudhi P. Kurup (I); Rebecca B. Mets-Halgrimson (I); Bahram Rahmani (1); Magdalena Stec (1); Janice B. Zeid (I); Hantamalala Ralay
Ranaivo (C); Erika A. De Leon (E); Anthony J. Klauer (E); Vivian Tzanetakos (E); Laura M. Vrablec (E)

New York, NY - State University of New York, College of Optometry (14)

Marilyn Vricella (I); Monica Joao (C); Shelby Leach (E); Rochelle Mozlin (E); Daniella Rutner (E); Erica L. Schulman-Ellis (E)
Anaheim, CA - University Eye Center at Ketchum Health (13)

Susan A. Cotter (I); Angela M. Chen (l); Silvia Han (1); Catherine L. Heyman (I); Reena A. Patel (1); Dashaini V. Retnasothie (1); Sue
M. Parker (C); Desireh Akhamzadeh (E); Kristine Huang (E)

The Woodlands, TX - Houston Eye Associates (13)

Aaron M. Miller (1); Jorie L. Jackson (C); Monsey L. Alexander (E); Angela C. Dillon (E)

Boston, MA - Boston Medical Center (11)

Stephen P. Christiansen (lI); Kara C. LaMattina (I); Jenna R. Titelbaum (I); Marissa G. Fiorello (C); Merit Gorgy (C); Nina
Tamashunas (C); Natalie Sadlak (C); Wanjiku G. Githere (C); Jiwoo Kim (C); Abigail R. Goldberg (C); Mary A. Tresvalles (C); Kelly
M. Castle (E); Jennifer E. Lambert (E)

Jacksonville, FL - Nemours Children’s Clinic (10)

John W. Erickson (1); Amy Thrift (C); Charlotte A. Reaser (E)

Pittsburgh, PA - UPMC Children’s Eye Center of Children’s Hospital of Pittsburgh (10)

Ken K. Nischal (I); Craig A. Luchansky (I); Ellen B. Mitchell (I); Sara Otaibi (I); Matthew S. Pihlblad (1); Lauren M. Runkel (C);
Kaajal Nanda (E); Katherine Sanchez (E); Christin L. Sylvester (E)

Little Rock, AR - Arkansas Childrens Hospital/ University of Arkansas Medical Sciences (9)

Paul H. Phillips (1); Adriana Paula Grigorian (1); Hannah L. Holtorf (1); Beth J. Colon (C); Shawn L. Cupit (E)

Memphis, TN - Southern College of Optometry (9)

Marie |. Bodack (l); Randy C. Brafford (C); Alicia A. Groce (E); Marc B. Taub (E)

Chicago, IL - lllinois College of Optometry (ICO) (8)

Yi Pang (I); Megan Allen (1); Huizi Yin (I); Elyse Nylin (C)

Lubbock, TX - Texas Tech University Health Science Center (8)

Lingkun Kong (l); Misty R. Sisneros (C); Connie J. Crossnoe (E)

Philadelphia, PA - Salus University/Pennsylvania College of Optometry (8)

Erin C. Jenewein (I); Stanley W. Hatch (1); Jenny Myung (I); Ruth Y. Shoge (1); Karen E. Pollack (C); Mitchell M. Scheiman (E)
Birmingham, AL - UAB School of Optometry (7)

Tamara S. Oechslin (1); Marcela Frazier (1); Katherine K. Weise (1); Jenifer Montejo (C); Margaret K. Bailey (E); Kristine B. Hopkins
(E); Candice I. Turner (E)

Concord, NH - Concord Ophthalmologic Associates (7)

Christie L. Morse (1); Caroline C. Fang (E); Jacqueline K. Gavin (E)

Grand Rapids, MI - Pediatric Ophthalmology, P.C. (7)

Patrick J. Droste (I); Robert J. Peters (1); Jan Hilbrands (C); Kylie L. Smith (E)

Rochester, MN - Mayo Clinic (7)

Erick D. Bothun (I); Brian G. Mohney (1); Tomohiko Yamada (I); Suzanne M. Wernimont (C); Adam M. Hauglid (E); Lindsay D.
Klaehn (E); Andrea M. Kramer (E); Laura Lepor (E); Sarah R. Mickow (E)

Lexington, KY - University of Kentucky Department of Ophthalmology and Visual Sciences (6)

Christi M. Willen (1); Julia L. Stevens (I); Yvonne R. James (C); Michele Reg (C); John M. Franklin (E)

Montreal, - CHU - Sainte-Justine (6)

Rosanne Superstein (I); Maryse Thibeault (C); Afifa Argoubi (E); Charlotte Riguidel (E); Alexandra Rodrigues (E)


http://www.clinicaltrials.gov/
https://clinicaltrials.gov/ct2/show/NCT02807350
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lahoma City, OK; - Dean A. Mc(See Eye Institute, Universi f%ﬂoma -%/ . .
Rasehrcanbated Blel i iie it EXGHUbIa SymplanQuestionnaise
Lauren M. Pendarvis (E)

Palo Alto, CA - Stanford University (6)

Scott R. Lambert (1); Deborah Alcorn (I); Euna B. Koo (I); Tawna L. Roberts (1); Naz Jehangir (C); Kristina Liu (C); Amanda M.
Yonkers (E)

Baltimore, MD - Wilmer Institute (5)

Michael X. Repka (1); Courtney Kraus (l); Xiaonong Liu (C); Alex Christoff (E)

Bloomington, IN - Indiana University School Of Optometry (5)

Don W. Lyon (1); Katie S. Connolly (I); Kristy M. Dunlap (C)

Chattanooga, TN - Pediatric Eye Specialists (5)

Rachel L. Brown (I); Edward A. Peterson (I)

Durham, NC - Duke University Eye Center (5)

Nathan L. Cheung (1); Sarah K. Jones (C); Sandra Holgado (E); Rachel N. Loud (E); Ivonne J. Rodriguez (E)

Grand Rapids, MI - Helen DeVos Children’s Hospital Pediatric Ophthalmology (5)

Brooke E. Geddie (1); Julie A. Conley (1); Elisabeth T. Wolinski (C); Sonia Manuchian (E); Katie L. Patterson (E); Samantha K. Rosen
(E)

West Bloomfield, MI - Children’s Eye Care PC (5)

Lisa Bohra (I); Elena M. Gianfermi (I); Susan N. Perzyk (C); Stephen M. Burwell (E); Mary A. DeYoung-Smith (E); Lauren Marozas
(E); Judy L. Petrunak (E); Martha M. Wright (E)

West Des Moines, IA - Wolfe Clinic (5)

Derek P. Bitner (l); Alexis C. Hahn (C); Lisa M. Fergus (E)

Gainesville, FL - University of Florida (4)

Swati Agarwal-Sinha (1); Casey J. Beal (I); Shannon Hampton (C); Kati M. Ostvig (E)

Glendale, AZ - Midwestern University Therapy Institute (4)

Alicia E. Feis (1I); Caitlin C. Miller (1); Kelly D. Varney (l); Tracy A. Bland (C); Christina A. Esposito (E); Matthew K. Roe (E)
Indianapolis, IN - Riley Hospital for Children (4)

Kathryn M. Haider (l); Charline S. Boente (1); Heather A. Smith (1); Michele E. Whitaker (C)

Atlanta, GA - The Emory Eye Center (3)

Jason H. Peragallo (I); Amy K. Hutchinson (1); Phoebe D. Lenhart (1); Natalie C. Weil (1); Judy L. Brower (C); Alex F. Lyons (E);
Shane P. Mulvihill (E); Marla J. Shainberg (E)

Boise, ID - St Luke’s Children’s Opthalmology (3)

Katherine A. Lee (1); Laurie A. Cartwright (C); Kevin R. Gertsch (E)

Columbus, OH - The Ohio State University, College of Optometry (3)

Marjean T. Kulp (1); Jennifer S. Fogt (1); Steven T. Manning (1); Ann M. Morrison (I); Maureen D. Plaumann (1); Erica R. Shelton (l);
Freda Dallas (C); Nancy E. Stevens (C); Michelle J. Buckland (E); Andrew J. Toole (E)

Ft. Lauderdale, FL - Nova Southeastern University College of Optometry, The Eye Institute (3)

Cristina L. Law (1); Deborah M. Amster (1); Amar Sayani (l); Felicia J. Timmermann (C); Michael J. Au (E); Katherine E. Green (E);
Jacqueline Rodena (E); Yin C. Tea (E); Julie A. Tyler (E)

Houston, TX - University of Houston College of Optometry (3)

Ruth E. Manny (1); Heather A. Anderson (I); Debra C. Currie (I); Muriel M. Martinez (1)

Poland, OH - Eye Care Associates, Inc. (3)

S. Ayse Erzurum (1); Alysa Christiansen (C); Zainab Dinani (E)

Pomona, CA - Western University College of Optometry (3)

Ida Chung (1); Kimberly R. Walker (1); Jennifer Baker (C); Elaine C. Ramos (E)

Akron, OH - Akron Children’s Hospital (2)

Casandra S. Solis (I); Ana Juric (C); Isabel Ricker (C); Tawna Roberts (E); Palak B. Wall (E)

Munster, IN - The Eye Specialist Center, LLC (2)

Birva K. Shah (I); Benjamin H. Ticho (E)

San Francisco, CA - UCSF Dept of Ophthalmology (2)

Alejandra G. de Alba Campomanes (1); Yizhuo Bastea-Forte (C); Laura K. Chalkley (E); Karen Cooper (E)

Wilmette, IL - Pediatric Eye Associates (2)

Lisa C. Verderber (I); Deborah R. Fishman (1); Roberta A. Forde (C)

Boston, MA - Tufts Medical Center (1)

Catherine S Choi (1); Sara Galinko (C); Shelley J Klein (E)

Calgary, - Alberta Children’s Hospital (1)

William F. Astle (I); Emi N. Sanders (C); Catriona I. Kerr (E); Heather N. Sandusky (E); Shannon L. Steeves (E)

Charleston, SC - Medical Univ of South Carolina, Storm Eye Instit. (1)

Edward W. Cheeseman (1); Mae M. Peterseim (I); Carol U. Bradham (C)

La Crosse, WI - Gundersen Health System (1)

David L. Nash (I); Sara R. Meyers (C); Fabiana Berns (E)

Loma Linda, CA - Loma Linda University Eye Institute (1)

Timothy W. Winter (1); Marcia M. Easterly (C); Rosalynn Nguyen-Strongin (E)

Minneapolis, MN - University of Minnesota-Minnesota Lions Children’s Eye Clinic (1)

Sara J. Downes (1); Sasha Strul (I); Ann M. Holleschau (C); Laura M. May (E); Kim S. Merrill (E); Anna I. Schweigert (E)
Portland, OR - OHSU Casey Eye Institute (1)

Allison I. Summers (1); Paula K. Rauch (C); Grant A. Casey (E); Kevin M. Woodruff (E)

Portland, OR - Pacific University College of Optometry (1)
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for Children

Jonathan M. Holmes, BM, BCh,
David A. Leske, MS,

Amra Hercinovic, MPH,

Sarah R. Hatt, DBO,

Danielle L. Chandler, MSPH,
Zhuokai Li, PhD,

B. Michele Melia, ScM,

Angela M. Chen, OD, MS, FAAO,
S. Ayse Erzurum, MD,

Eric R. Crouch, MD,

Erin C. Jenewein, OD, MS, FAAO,
Raymond T. Kraker, MSPH,
Susan A. Cotter, OD, MS, FAAO

Department of Ophthalmology and Vision Science, University of Arizona, Tucson, Arizona (JMH),
Department of Ophthalmology, Mayo Clinic, Rochester, Minnesota (DAL, SRH), Jaeb Center
for Health Research, Tampa, Florida (AH, DLC, ZL, BMM, RTK), Southern California College
of Optometry at Marshall B. Ketchum University, Fullerton, California (AMC, SAC), Northeast

Paula A. Luke (1); Richard London (l); Jayne L. Silver (C); Ryan C. Bulson (E); James J. Kundart (E)

PEDIG Coordinating Center - Tampa, FL

Raymond T. Kraker, Roy W. Beck, Darrell S. Austin, Nicole M. Boyle, Danielle L. Chandler, Patricia L. Connelly, Courtney L.
Conner, Quayleen Donahue, Brooke P. Fimbel, Robert J. Henderson, Amra Hercinovic, James E. Hoepner, Joseph D. Kaplon, Zhuokai
Li, B. Michele Melia, Gillaine Ortiz, Julianne L. Robinson, Kathleen M. Stutz, Desirae R. Sutherland, David O. Toro, Victoria C.
Woodard, Rui Wu

Intermittent Exotropia Study 5 Planning Committee

Angela M. Chen (Co-Chair), S. Ayse Erzurum (Co-Chair), Jonathan M. Holmes, Danielle L. Chandler, David A. Leske, Raymond T.
Kraker, Roy W. Beck, Eileen E. Birch, Michael X. Repka, David K. Wallace, Allison A. Jensen, Reena A. Patel, B. Michele Melia,
Courtney L. Conner

PEDIG Executive Committee

Susan A. Cotter (Co-chair), Jonathan M. Holmes (Co-chair), Roy W. Beck, Eileen E. Birch, Angela M. Chen (2017-18), Stephen

P. Christiansen (2018-2020), Laura B. Enyedi (2014-16), S. Ayse Erzurum (2016-present), Donald F. Everett, Sharon F. Freedman
(2016-18), William V. Good (2017-19), Erin C. Jenewein (2021- present), Raymond T. Kraker, Katherine A. Lee (2014-16),
Richard London (2018-2020), Vivian M. Manh (2016-18, 2020-present), Ruth E. Manny (2017-19), Beth A. Morrell (2021-present),
David G. Morrison (2018-19), David B. Petersen (2020- present), Stacy L. Pineles (2019-2021), Hantamalala Ralay Ranaivo (2019-
2021), Michael X. Repka, Tawna L. Roberts (2021- present), Scott T. Ruark (2018-19), Bonita R. Schweinler (2016-18), Jayne L.
Silver (2014-16), Donny W. Suh (2021-present) Allison I. Summers (2019-2021), Lisa C. Verderber (2015-17), David K. Wallace,
Katherine K. Weise (2019-2020).

Strabismus Steering Committee

Amit R. Bhatt (2019-present), Eileen E. Birch, Danielle L. Chandler, Angela M. Chen (2016-present), Stephen P. Christiansen
(2013-2015), Patricia Cobb (2019), Susan A. Cotter, Eric R. Crouch (2015-18), Trevano W. Dean (2015-18), Sean P. Donahue
(2010-present), S. Ayse Erzurum (2016-present), Michael E. Gray (2017), Kammi B. Gunton (2016-17), Sarah R. Hatt, Jonathan

M. Holmes, Erin C. Jenewein (2018, 2021- present), Raymond T. Kraker, Courtney Kraus (2018), Sudhi P. Kurup (2019), Elizabeth
L. Lazar (2014-18), Zhuokai Li (2020-present), Justin D. Marsh (2018-19), Michele Melia (2004-2021), David G. Morrison (2018-
2020), Elyse Nylin (2019-2020), Yi Pang (2017-18), Sue M. Parker (2017-18), Reena Patel (2016-17), Michael X. Repka, Dashaini
V. Retnasothie (2019), Tawna L. Roberts (2017), Gihan Romany (2020- present), Allyson Sala (2016-17), Jenna R. Titelbaum
(2020-present), Allison I. Summers (2018- 2020), Marilyn Vricella (2019-present), Tomohiko Yamada (2015-16)

National Eye Institute - Bethesda, MD

Donald F. Everett

Data and Safety Monitoring Committee

Marie Diener-West (chair), John D. Baker, Barry Davis, Dale L. Phelps, Stephen W. Poff, Richard A. Saunders, Lawrence Tychsen
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Ohio Medical University, Rootstown, Ohio (AE), Eastern Virginia Medical School, Norfolk, Virginia
(ERC), and Salus University, Philadelphia, Pennsylvania (ECJ)

Pediatric Eye Disease Investigator Group

Abstract

Significance.—A rigorously designed and calibrated symptom questionnaire for childhood
intermittent exotropia would be useful for clinical care and for research.

Purpose.—To Rasch-calibrate and evaluate the previously developed Child Intermittent
Exotropia Symptom Questionnaire using data gathered as part of a randomized clinical trial.

Methods.—The questionnaire was administered to 386 children ages 3 to 10 years old with
Intermittent Exotropia who were enrolled in a randomized clinical trial comparing overminus
to non-overminus spectacles. Participants were followed at 6 and 12 months while on treatment
and at 18 months off treatment. Factor analysis determined dimensionality and Rasch analysis
evaluated questionnaire performance. Logit values were converted to 0 (best) to 100 (worst).
We evaluated differences in questionnaire scores between treatment groups and time points, and
correlations with control scores.

Results.—The Child Intermittent Exotropia Symptom Questionnaire was unidimensional.

Rasch analysis indicated there was no notable local dependence and no significant differential
item functioning for sex or age. There was suboptimal targeting (mean logit —1.62) and

person separation was somewhat poor (0.95). There were no significant differences in the

Child Intermittent Exotropia Symptom score between overminus spectacles and non-overminus
spectacles at 6, 12, and 18 months. Combining data from both treatment groups, there was
significant improvement from baseline at all follow up visits (for example, mean change from
baseline to 12 months: —6.6 points; 95% CI: —8.6 to —4.6). Child Intermittent Exotropia Symptom
scores were not correlated with distance or near control scores at 12 months.

Conclusions.—The 7-item Rasch-scored Child Intermittent Exotropia Symptom Questionnaire
is limited by suboptimal performance. Future study is needed to determine whether it may be
useful for clinical practice and for research.

Patient-reported outcome measures are used in the assessment of health conditions and
response to treatment.l 2 For childhood health conditions, Patient-reported outcome
measures may be directed at the child or the parent (by proxy, to obtain the parent’s
perception of the child’s experience; distinct from the child’s own perception of their
experience). An initial 22-item symptom questionnaire had been previously developed

for childhood intermittent exotropia, based on interviews of children with intermittent
exotropia and their parents.# The questionnaire had been reduced to 7 items by selecting
items that were associated with reduced health-related quality of life.3 The purpose of the
present study was to Rasch calibrate and evaluate the performance of the 7-item Child
Intermittent Exotropia Symptom Questionnaire, using data gathered as part of a randomized
clinical trial comparing overminus and non-overminus spectacles in childhood intermittent
exotropia.®

Optom Vis Sci. Author manuscript; available in PMC 2023 June 01.
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METHODS

Child Intermittent Exotropia Symptom Questionnaire

In the present study, the 7-item questionnaire, with 3 response options (“never,”
“sometimes,” “all the time,” Figure 1), was administered to young children (3 to <7 years
old) by study personnel or self-administered by children 7 to 10 years old, with assistance
from study personnel if needed.

Data Collection

The randomized trial,® from which the current data were derived, was funded by the
National Eye Institute of the National Institutes of Health and conducted according to the
tenets of the Declaration of Helsinki by the Pediatric Eye Disease Investigator Group at 56
clinical sites. The study protocol and Health Insurance Portability and Accountability Act
(HIPAA)-compliant informed consent forms were approved by the respective institutional
review boards, and a parent or guardian (subsequently referred to as parent) of each
participant gave written consent, and children 7 years old and older gave written assent.
The study is listed on www.clinicaltrials.gov (NCT02807350, accessed 09/28/2021) and the
full protocol is available at www.pedig.net (accessed 09/28/2021).

In the randomized trial, 386 children, aged 3 to <11 years (243 aged 3 to <7 years and 143
aged 7 to <11 years) with intermittent exotropia, were enrolled and randomly assigned 1:1
to either overminus (-2.50D) or non-overminus spectacles.? Follow-up exams occurred at 6
months and 12 months (in study spectacles; on treatment) and at 18 months (after reducing
over minus at 12 months and discontinuing at 15 months).

Statistical Methods

Factor analysis was performed to determine dimensionality of the Child Intermittent
Exotropia Symptom Questionnaire by evaluating eigenvalues (eigenvalue >1 indicating
multiple factors), and factor loadings. The factor analysis was stratified by follow-up visit to
allow for a potential time effect.

Rasch analysis was performed using the Andrich rating-scale model to evaluate
questionnaire performance and obtain logit values that were then converted to a 0 (no
symptoms) to 100 (worst symptoms) scale. Rasch analysis included confirmation of
unidimensionality by principal component analysis of residuals (desired eigenvalue <2),
response ordering, local item dependence (desired value <0.6),° differential item functioning
by age (3 to <7 years vs 7 to <11 years and sex (male vs female) (desired contrast <1

logit), item misfit (desired range of mean-square 0.7 to 1.3), targeting of the questionnaire to
the sample (desired range -1 to 1 logit), and person separation index (desired value >2) as
described in previous studies.* 7-9 Data were combined from the enrollment and follow-up
visits for these Rasch analyses.

We evaluated whether there were treatment group differences (between overminus and
non-overminus) in Child Intermittent Exotropia Questionnaire scores, at 6, 12 and 18
months, using analysis of covariance adjusted for the baseline Child Intermittent Exotropia

Optom Vis Sci. Author manuscript; available in PMC 2023 June 01.
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Questionnaire score, and evaluated changes from baseline using the paired t-test (both
treatment groups were combined for this analysis because no difference was found between
treatment groups). The effect sizes of the changes were calculated by dividing the mean
change from baseline at each time point by the standard deviation of the change. For ease

in interpretation, summary statistics for group differences and changes, such as means,
medians, mean changes from baseline, and 95% Cls, were calculated for the 0 to 100 scores.
The p-values for the treatment group differences at 6, 12, and 18 months were calculated for
the logit scores and adjusted to control the false discovery rate at 5%.10

Spearman rank correlation coefficients (r5) and 95% confidence intervals (Cls) were
calculated at each visit between the Child Intermittent Exotropia Symptom Questionnaire
logit score and the exotropia control score (0-5 scale, where O is pure phoria and 5 constant
tropia)®! rated separately for distance and near. The exotropia control score was the mean
of three assessments obtained over the course of an office visit.> 12 Scatterplots were also
created to display those relationships.

No imputation was performed for missing data. Rasch analysis was performed using
Winsteps version 4.2.0 (Winsteps Software Technologies, Seattle, WA); all the other
analyses were conducted using SAS version 9.4 (SAS Institute Inc. Cary, NC).

Questionnaire Performance

The Child Intermittent Exotropia Symptom Questionnaire was found to be unidimensional
by factor analysis (at each of the study time points, 6, 12 and 18 months). Unidimensionality
was re-confirmed by principal component analysis (see Appendix Table A1, available at
http://links.lww.com/OPX/A566).

By Rasch analysis, response ordering was appropriate for the 3-response Child Intermittent
Exotropia Symptom Questionnaire (Figure 2). There was no notable local dependence

(see Appendix Table A2, available at http://links.lww.com/OPX/A566), and no significant
differential item functioning for sex or age. The level of misfit was acceptable (see Appendix
Table A3, available at http://links.lww.com/OPX/A566). There was suboptimal targeting
(mean -1.62 logits; [Figure 3]) and person separation was somewhat poor (0.95).

Difference in Symptom Score between Overminus and Non-overminus Spectacle

Treatment

Comparing children in overminus spectacles with those in non-overminus spectacles, we
found no significant differences in Child Intermittent Exotropia Symptom Questionnaire
scores at 6 or 12 months (on treatment), or at 18 months (after treatment had been weaned)
(Table 1). Because there were no treatment group differences at each time point, the data
from both treatment groups were combined for all subsequent analyses.

Optom Vis Sci. Author manuscript; available in PMC 2023 June 01.
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Change in Symptom Scores from Baseline

In a combined cohort with both treatment groups, Child Intermittent Exotropia Symptom
scores all showed significant improvement from baseline to 6-, 12-, and 18-months (Table
2).

Relationship of Child Intermittent Exotropia Symptom Score to Exotropia Control Scores

Child Intermittent Exotropia Symptom scores were not correlated with distance or near
control scores at 6 months (7= -0.01, 95% CI -0.12 to +0.09, and ;= 0.002, 95% CI -0.10
to +0.11), 12 months (r;=—0.04, 95% CI -0.15 to +0.07, and rs = 0.08, 95% CI -0.03 to
+0.18) (Figure 4 and Figure 5), or 18 months (7= 0.04, 95% CI —0.07 to +0.15, and rs=
0.15, 95% CI 0.05 to +0.26).

DISCUSSION

We have developed a 7-item Rasch-calibrated questionnaire for the assessment of child
self-reported intermittent exotropia symptoms (Child Intermittent Exotropia Symptom
Questionnaire). The final questionnaire had acceptable psychometric performance and was
able to detect changes in child intermittent exotropia symptoms over time, but did not detect
a difference between overminus and non-overminus spectacle treatment for intermittent
exotropia.

We are unaware of other questionnaires designed to evaluate the presence and severity of
symptoms in intermittent exotropia. Previous child questionnaires for intermittent exotropia
have been designed to evaluate health-related quality of life associated with intermittent
exotropia * 7 whereas the Child Intermittent Exotropia Symptom Questionnaire specifically
evaluates symptoms. Patient-reported outcome measures, such as the Child Intermittent
Exotropia Symptom Questionnaire, provide a standardized means of detecting symptoms
and scoring their frequency. In addition, the Child Intermittent Exotropia Symptom
Questionnaire can be easily incorporated into clinical research (questionnaire and Rasch
scoring look-up tables are freely available at www.pedig.net).

A strength of the Child Intermittent Exotropia Symptom Questionnaire is that the items
were derived from interviews with children with intermittent exotropia and their parents.*
Deriving questionnaire items directly from individuals with the condition of interest
increases the likelihood of evaluating concerns that are important to that specific population.
In the present study, factor analysis and Rasch analysis confirmed the unidimensionality

of the Child Intermittent Exotropia Symptom Questionnaire and provided Rasch-calibrated
scoring. We had used stepwise multiple variable regression analysis to select items that
were associated with reduced health related quality of life in any of the IXTQ domains.3

An alternative method of development would have been to administer the complete 22-item
questionnaire to a large cohort of children with intermittent exotropia and perform the
previously described® steps of binning, winnowing, and de novo Rasch analysis, but this was
not the method used for this particular questionnaire.3

We did not find a significant difference in Child Intermittent Exotropia Symptom
Questionnaire scores between the overminus and non-overminus groups at any of the follow-
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up visits. This finding is likely a reflection of the modest improvement of intermittent
exotropia control from the overminus lenses at 6 months and 12 months (on-treatment) and
lack of treatment effect at 18 months (off treatment).> The mean difference in control scores
was 0.8 points at 12 months (95% CI +0.5 to +1.0 points, on the 0 to 5 scale), and 0.2
points (95% CI —0.04 to +0.5) at 18 months.® The Child Intermittent Exotropia Symptom
Questionnaire may not have been sensitive enough to detect a treatment group difference at
12 months, when the mean control scores were significantly different between groups.® It is
also possible that overminus treatment may have been insufficient to relieve symptoms.

An alternative explanation for the failure to find a significant difference in intermittent
exotropia symptoms between overminus and non-overminus treatment for intermittent
exotropia is that children may not experience more frequent symptoms when there is
worse control of intermittent exotropia. Indeed, we found no correlation between the Child
Intermittent Exotropia Symptom Questionnaire score and the distance or near control score
(Figures 4 and 5). It is also possible that some symptoms such as “do your eyes hurt”
might be associated with good intermittent exotropia control, if the child is exerting a great
deal of fusional vergence effort or accommodative effort. Other symptoms, such as “do
you find it hard to stare at things,” might be associated with poor intermittent exotropia
control if the child is unable to maintain binocular fusion and if binocular staring was
considered binocular. When such items are combined, the net symptom questionnaire score
might not correlate with the control score. It is also possible that some children with
intermittent exotropia have sensory adaptations (for example, suppression or anomalous
retinal correspondence) that mitigate subjective symptoms, while other children with
intermittent exotropia do not have these adaptations. The relationship between sensory
adaptations to strabismus and symptoms is worthy of further study.

An additional reason why we failed to find a difference in symptoms between children
undergoing overminus versus non-overminus treatment for intermittent exotropia is the
possibility that children may have had a decrease in IXT symptoms with overminus
treatment but the effect may have been masked by an increase in symptoms with the
overminus treatment itself (such as strain and blur). These potentially counterbalancing
effects might have resulted in no net effect. Nevertheless, in the original study, we found
no marked differences between responses to spectacle related questions between treatment
groups.

We found improvement in the symptom scores from baseline to 6 months, from baseline
to 12 months, and from baseline to 18 months in both treatment groups. These findings
may reflect regression to the mean; although we did not specify a threshold questionnaire
score for eligibility, we did specify an enrollment criterion related to a minimum severity
of intermittent exotropia control (a mean distance control score of at least 2 based on the
mean of 3 assessments during a single examination). While we did not find a relationship
between the intermittent exotropia control score and the Child Intermittent Exotropia
Symptom Questionnaire score, it is possible that children with worse symptoms at the
time of enrollment were preferentially enrolled and thereby at risk of regression to the
mean. Alternatively, improved symptom scores may reflect our previous finding that some
clinical aspects of intermittent exotropia may show improvement with time (i.e., control,
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stereoacuity, and magnitude of deviation) over a 3-year period of observation.1® There is
also a possibility of a placebo effect of glasses wear, because all participants received glasses
and may have thought they were receiving overminus treatment.

There are several limitations to the present study in addition to those already described.
Personnel administering the questionnaire were not masked to the participant’s treatment.
The Rasch-calibrated Child Intermittent Exotropia Symptom Questionnaire did not have

the desired targeting or person separation indices, and so may have been insensitive to

true differences between treatment groups, if they existed. Nevertheless, the problems

of less than desired targeting, and less than desired person separation, are often found

for questionnaires designed for children, for example the PedEyeQ.? Such suboptimal
performance indices would render pediatric questionnaires less sensitive than questionnaires
designed for adults. It is also possible that if we had more data using the original 22 item
version of the questionnaire, and if we had selected the best items using psychometric
methods, rather than logistic regression, we might had developed a short questionnaire that
may have had better targeting and measurement precision. Poorer than desired questionnaire
performance was also likely when the items were not optimally separated on the person-item
map (Figure 3). It is possible that person separation might have been improved by a greater
number of response categories, but children younger than 7 years of age typically are unable
to successfully use more than 3 response categories.

In the present study we have Rasch calibrated a previously developed 7-item patient-
reported outcome measure to evaluate child-reported symptoms in intermittent exotropia
(the Child intermittent exotropia Symptom Questionnaire). The Child Intermittent Exotropia
Symptom Questionnaire appears limited by suboptimal performance. Future study is needed
to determine whether it may be useful for clinical practice and for research.
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APPENDICES

Appendix Table Al.
Dimensionality Analysis of the Child IXT Symptom Questionnaire

Child I XT Symptoms (7 items)

Eigen %

Total raw variance 10.0 100
Explained by measures 3.0 30
Explained by persons 13 13
Explained by items 1.8 18
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Child IXT Symptoms (7 items)

Eigen %

Total unexplained 7.0 70
1% contrast 14 14
2"d contrast 1.2 12
3 contrast 1.2 12
4t contrast 1.1 11
5 contrast 11 11

Item Number 1% Contrast Loading

0.23

0.17

-0.30

-0.61

0.83

-0.13

~N~N|Jlo|loo|lbd~MlwWwW]IDN]E

-0.35

Appendix Table A2.
Local Dependence Analysis of the Child IXT Symptom Questionnaire

Child IXT Symptoms (7 items)

Correlation Item Item

-0.30

-0.25

-0.23

-0.21

-0.20

-0.18

-0.18

-0.17

oolINNIdMlOWR,PlOjJO|lW ] B>

-0.17

-0.17 1

-0.16 2

-0.15 1

-0.14

2
-0.14 3
-0.13 2

-0.13 1

-0.13 1
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-0.12 1
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Child I XT Symptoms (7 items)
Correlation Item Item
-0.12 3 6
-0.10 2 6
Appendix Table A3.
Infit and Outfit Errors of the Child IXT Symptom Questionnaire.
Child IXT Symptoms
Item Infit Outfit
Mean Square Standard Z-score Mean Square  Standard Z-score
1 0.91 -2.2 0.94 -1.1
2 0.97 -0.7 0.90 -1.7
3 1.02 0.4 1.07 14
4 0.98 -0.4 0.94 -1.5
5 1.15 4.2 1.14 3.6
6 1.03 0.8 1.07 1.3
7 0.89 -3.1 0.85 -3.6
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1) Do your eyes hurt?
Never Sometimes All the time

2) Do your eyes feel funny?
Never Sometimes All the time

3) Do you have double vision (see two of things when you know there is really only one)?
Sometimes All the time

P4
(1]
<
(1]
=

4) Is it hard for you to stare at things?
Never Sometimes All the time

5) Do you have problems with your eyes in the sun?
Never Sometimes All the time

6) Do your eyes go in and out?
Never Sometimes All the time

7) Is it hard to focus your eyes?

Never Sometimes All the time
Figure 1.

Child Intermittent Exotropia Symptom Questionnaire. The 7-item questionnaire was
administered to children ages 3 to <7 years by study personnel or self-administered by
children 7 to 10 years old, with assistance from study personnel if needed. Response options
for each question were “never,” “sometimes,” and “all the time.”
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Category probability
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Measure relative to item difficulty

Figure 2.
Category Thresholds / Category Probability Curves. Category threshold / category

probability curves illustrate proper ordering of response categories and utilization of
response options.

Optom Vis Sci. Author manuscript; available in PMC 2023 June 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Holmes et al.

Page 15
Person Item
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Figure 3.
Targeting of the Child Intermittent Exotropia (IXT) Symptom Questionnaire. Targeting was

suboptimal for the Child IXT Symptom Questionnaire, noting position of mean (M) of
respondents on left of figure and questions on right of figure (mean difference —1.62 logits).
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Figure 4.

Relationship of Child Intermittent Exotropia (IXT) Symptom Score with Distance Control at
12 Months. Scatter plot of distance control at 12 months versus child IXT symptom score

at 12 months. The Spearman correlation coefficient, calculated on the logit scale, was —0.04
(95% CI -0.15, 0.07), indicating no correlation; results were similar at all other visits.
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Figureb.

Relationship of Child Intermittent Exotropia (IXT) Symptom Score with Near Control at
12 Months.Scatter plot of near control at 12 months versus child IXT symptom score at 12
months. The Spearman correlation coefficient, calculated on the logit scale, was 0.08 (95%

Cl -0.03, 0.18), indicating no correlation; results were similar for other visits.
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Table 1.

Child IXT Symptom Questionnaire Scores by Treatment Group.

Page 18

Baseline Visit 6-Month Visit 12-Month Visit 18-Month Visit
. Non- : Non- . Non- . Non-
Overminus overminus Overminus overminus Overminus overminus Overminus overminus
Child IXT N =181 N =183 N =182 N =167 N =180 N =165 N =174 N =153
Symptoms
Score
Mean (SD) 34.5(17.2) 35.3(17.4) 28.8 (16.9) 31.1(16.6) 28.4 (15.3) 28.1(16.2) 28.6 (15.3) 28.8 (16.4)
Median 37.4 374 32.2 32.2 32.2 322 32.2 32.2
(IQR) (25.7, 46.1) (25.7,46.1) (15.7, 37.4) (15.7, 42.0) (15.7, 39.7) (15.7, 37.4) (15.7, 37.4) (15.7, 42.0)
Range 01099.9 01t099.9 01099.9 0to 68.1 010 62.9 0to 745 0to58.4 0to74.5
) Difference
In means 2 n/ab -3.05 (-6.18, 0.09) 0.24 (-2.93, 3.42) -0.45 (-3.95, 3.04)
(95% CI)
p-value? n/ab 0.17 0.88 0.88
Change from N =172 N =163 N=171 N =161 N =162 N =148
Baseline
Mean (SD) n/a n/a -6.5 (16.7) -4.0 (18.9) -6.2 (17.3) -7.1(20.5) -5.9 (20.8) -5.6 (20.9)

IXT = intermittent exotropia; SD = standard deviation; IQR = interquartile range; CI = confidence interval

a . . . .
Treatment group differences (mean and 95% CI) in Rasch 0-100 scores were estimated at 6, 12, and 18 months using an ANCOVA model,

adjusted for the baseline value of the respective score. P-values were calculated by running the same models on the Logit scores. P-values were

adjusted to control the false discovery rate at a probability level of 5%.

b, .. . . .
Statistical comparison of scores was not done at baseline.
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Child IXT Symptom Questionnaire Scores Over Time with treatment groups combined.

Table 2.

BaselineVisit  6-Month Visit  12-Month Visit  18-Month Visit

Child IXT Symptom Score N = 364 N = 349 N =345 N =327
Mean (SD) 34.9 (17.2) 29.9 (16.8) 28.3 (15.7) 28.7 (15.8)
Median 374 32.2 32.2 322
(IQR) (25.7, 46.1) (15.7, 42.0) (15.7, 37.4) (15.7, 37.4)
Range 0t099.9 0t099.9 0to74.5 0to74.5
Change from Baseline N =335 N =332 N =310
Mean (SD)? nfa -5.3(17.8) -6.6 (18.9) -5.7(20.8)
95% CI for Mean Changea nfa (=7.2,-3.4) (8.6, -4.6) (-8.1,-3.4)
Effect Size? n/a 0.30 0.35 0.28

IXT = intermittent exotropia; SD = standard deviation; IQR = interquartile range; CI = confidence interval

Page 19

a . . . .
The paired t-test was used to estimate mean changes from baseline to follow-up visits and the 95% Cls for the 0-100 scores. P-values were not

reported.

This is the absolute value of the effect size for the overall improvement from baseline. First, the 0-100 score at baseline was subtracted from the
0-100 score at each follow-up visit for each participant. Then, this change from baseline was averaged across all participants; this average was
divided by the standard deviation of the changes to calculate the effect size.
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