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ABSTRACT   

Purpose: To propose success criteria for strabismus surgery for patients with Graves’ 

Orbitopathy (GO) based on a systematic review of the literature. 

Methods: We performed a systematic search of OVID MEDLINE, OVID Embase, the Cochrane 

Central Register of Controlled Trials (CENTRAL) and the publisher subset of PubMed, to 

identify studies reporting on success criteria of strabismus surgery in GO. In addition, we 

handsearched several orthoptic journals and proceedings of strabismological congresses.  

Results: Of the 789 articles retrieved, 42 papers described success criteria for strabismus 

surgery in GO. Most studies defined success in terms of a subjective diplopia free field in 

primary and down gaze. Almost half of the studies used a graded scale (excellent, good, 

acceptable, failure) to describe the outcome of surgery. Three of the eligible studies 

described a tool to quantify the field of single vision in detail. Quality of life was not reported 

as an outcome measure in any of the published studies. 

Conclusion: Success criteria for strabismus surgery in GO-patients are poorly defined and no 

consensus is available. The lack of standardization hampers comparative studies and thus 

the search for the best surgical treatment for diplopia in GO-patients. Therefore, we propose 

strict success criteria including a tool for quantification of remaining diplopia plus a disease-

specific quality of life questionnaire (the GO-QoL). 
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INTRODUCTION 

Graves’ Orbitopathy (GO) is characterized by swelling and retraction of the eyelids, 

proptosis, restricted motility and impaired vision. Restricted motility is caused by inflamed 

and less elastic extraocular muscles and causes head tilt and diplopia in up to 45% of all 

referred GO-patients (Sasim et al. 2008). Diplopia may be transient or permanent and may 

be limited to up- and side gaze or include all fields of vision. It limits the affected patient 

seriously in many daily life activities such as car driving, walking or reading (Gerding et al. 

1997; Terwee 2000; Farid et al. 2005; Yeatts 2005; Bradley et al. 2006; Coulter et al. 2007). 

Specific quality of life questionnaires have been developed to assess the impact of these 

phenomena in patients with GO (Terwee et al. 1998; Fayers &  Dolman 2011).  

Diplopia can sometimes be corrected with prisms, but in more severe cases one eye has 

to be occluded. In the active phase of the disease, immunosuppressive or retrobulbar 

radiation may improve diplopia (Mourits et al. 2000; Prummel et al. 2004). However, when 

the disease and the motility pattern have become stable, there is consensus to treat residual 

diplopia surgically (Prummel et al. 2003; Bartalena et al. 2008; Nardi 2009; Lyons &  Rootman 

2010). Although a full field of binocular single vision (BSV) in patients with GO is difficult to 

obtain due to the incomitant type of strabismus typical for GO-patients, the goal of surgery is 

to reach a field of BSV as large as possible (Schotthoefer &  Wallace 2007; Dickinson &  

Perros 2009; Dagi et al. 2010; Eckstein et al. 2012). There are many possible choices to reach 

this goal: recessions of the involved muscle with or without adjustable sutures (Flanders &  

Hastings 1997; Eckstein et al. 2004; Mocan et al. 2007; Jellema et al. 2012; Volpe et al. 2013), 

resection (Yoo et al. 2013), Faden procedures (Schittkowski et al. 2004) or interposition of 

spacers to lengthen the affected extraocular muscle (Esser et al. 2011). As restrictions may 

exist both in the vertical, as well as in the horizontal plane, corrections have to be performed 

in both planes. No guidelines are defined with regard to starting with one procedure or 

perhaps to combine corrections in both planes in one session. The existing treatment 

modalities cannot be compared as long as no consensus exists with regard to the definition 

of the outcome of these corrections. Success of strabismus surgery in GO-patients is defined 

in different ways. Kalpadakis et al. described a significant reduction of the squint angle as a 

good functional rehabilitation (Kalpadakis et al., 2004). Others used the presence of 

stereopsis (Mocan et al. 2007) or ability to fuse in primary position (Cruz &  Davitt 1999) or 

also at distance and near and without an abnormal head posture (Coats et al. 1999) as a 
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criterion of success of strabismus surgery. Some authors define success as a residual 

deviation in  prism dioptres (Sprunger &  Helveston 1993) (Cruz &  Davitt 1999; Prendiville et 

al. 2000; McCracken et al. 2008) (Yang et al. 2004; Zoumalan et al. 2011) in primary position 

[range 3 – 10^).  

Usually success criteria are described in terms of improvement/changes of the field of 

BSV (Maillette de Buy Wenniger - Prick et al. 1986; Mourits et al. 1990; Fells et al. 1992; 

Lueder et al. 1992; Boergen 1993; Ellerton et al. 1995; Flanders &  Hastings 1997; Oguz et al. 

2000; Ruttum 2000; Tarrus-Montaner et al. 2000; Baker &  Ansons 2001; Kalmann 2001; 

Yolar et al. 2001; Abrámoff et al. 2002; Ai et al. 2002; Del Monte 2002; Godts et al. 2002; 

Oguz et al. 2002; Kalpadakis et al. 2004; Schittkowski et al. 2004; Gilbert et al. 2005; Dal 

Canto et al. 2006; Paridaens et al. 2006; Pitchon &  Klainguti 2007; Yan &  Zhang 2008; Hoog 

de et al. 2009; Nassar et al. 2009; Nicholson et al. 2011; Volpe et al. 2013) . These criteria, 

however, differ significantly. For instance: excellent is described as no diplopia (Ruttum 

2000; Baker &  Ansons 2001; Kalmann 2001; Schittkowski et al. 2004; Paridaens et al. 2006; 

Pitchon &  Klainguti 2007; Volpe et al. 2013)  or  no diplopia in primary position and 

downgaze (Lueder et al. 1992; Ellerton et al. 1995; Flanders &  Hastings 1997; Kalmann 2001; 

Gilbert et al. 2005; Dal Canto et al. 2006) and good as no diplopia in primary position and 

down gaze with prisms (Lueder et al. 1992; Ellerton et al. 1995; Flanders &  Hastings 1997; 

Baker &  Ansons 2001; Gilbert et al. 2005; Dal Canto et al. 2006; Volpe et al. 2013) or without 

prisms (Pitchon &  Klainguti 2007) or as gaze evoked diplopia (Kalmann 2001; Paridaens et al. 

2006) or a no diplopia with prisms (Ruttum 2000) or   50% score of BSV with the score 

system of Sullivan et al. (Sullivan et al. 1992) and heterophoria in primary position (Nassar et 

al. 2009) or BSV with maximal 5^ prisms in primary position and reading gaze (Schittkowski 

et al. 2004). Although these criteria look quite uniform at first sight and the role of prisms 

being one of the most significant differences, at a closer look true differences appear which 

make these criteria not interchangeable. For instance, several systems do not quantify the 

change. Furthermore, terms as “extreme gaze” and “reading position/ downgaze” are often 

not specified.  Changes in QoL scores can also be used to compare pre- and postoperatively 

status (Terwee et al. 2001; Wiersinga et al. 2004; Kashkouli et al. 2011). Terwee et al. 

developed a specific QoL for GO-patients (GO-QoL). This questionnaire contains two 

subscales: 1 for visual function (8 questions referring to limitations attributable to decreased 

visual acuity and/or diplopia) and 1 for appearance (8 questions referring to psychosocial 
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functions attributable to changes in appearance) (Terwee et al. 1998).  Considering 

strabismus surgery, a change of at least 6 points on one or both subscales can be seen as an 

important change in daily functioning for the patient (Terwee et al. 2001).  In conclusion, 

success criteria are preferred which contain both the field of BSV and incorporate 

parameters of QoL. No acceptable criteria exist as how to compare changes after strabismus 

surgery in GO-patients. To propose a definition of successful outcome, we studied the 

literature systematically about success criteria for strabismus surgery in GO-patients to 

create a starting point for consensus on this subject.   

 

METHODS 

To propose a definition of successful outcome, we studied the literature about success 

criteria for strabismus surgery in GO-patients to possibly create a starting point for 

consensus on this subject.  Our review followed the  PRISMA guidelines* for reporting 

(Liberati et al. 2009). A medical librarian (JL) performed a comprehensive search in the 

following electronic databases from inception till 2013 – 07 – 23: OVID MEDLINE, OVID 

Embase, the Cochrane Central Register of Controlled Trials (CENTRAL) and the publisher 

subset of PubMed to find publications not yet included in MEDLINE. Finally, we 

handsearched the indexes of the British and Irish orthoptic Journal (1990 – 2011), the 

proceedings of the European Strabismological Association (1990 – 2011), the International 

Strabismological Association (1990-2010), the International Orthoptic Association (1990 – 

2012) and the American Orthoptic Journal (1982 – 2012). In electronic databases, we used 

both Subject Headings, such as MeSH (MEDLINE), and textwords, with no language 

restrictions. The search consisted of 3 components: 1. Graves’ disease, 2. diplopia, 

strabismus or synonyms and related terms (i.e. depth perception) and 3. strabismus surgery 

(see Table S1 for the complete MEDLINE search strategy).  

We also applied a methodological filter for secondary evidence to identify any systematic 

review on the topic. The search included an iterative process to refine the search strategy 

through adding search terms as new relevant citations were identified, i.e. by checking 

reference lists and citing articles using ISI Web of Science and handsearching. Reference 

Manager® software (version 12.0) was used to manage and de-duplicate all identified 

references (Liberati et al. 2009). 
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Table S1. Search strategy - online repository. 
Database(s): Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations and Ovid MEDLINE(R) 1946 to Present. Search Strategy: 2013-
07-23 
# Searches Results 
1 exp Graves’ Disease/ 14186 
2 (graves* or grave-s or basedow* or goiter* or hyperthyroid* or thyroid* or d?sthyroid).tw,ot,kw. 165119 
3 (endocrine adj (eye or orbitopath* or ophthalm* or opthalm* or ocular)).tw,ot,kw. 445 
4 (TED or GED or TAO or TRIO or EUGOGO or GO-QOL).tw,ot,kw. 3419 
5 or/1-4 169614 
6 exp animals/ not humans/ 4001076 
7 5 not 6 138742 
8 (review or editorial or letter or comment).pt. not (Comparative Study.pt. or exp Cohort Studies/ or Cross-Sectional 

Studies/ or case-control studies/ or evaluation studies/ or case reports/ or exp treatment outcome/) 
2623669 

9 7 not 8 122751 
10 (strabis* or optometr* or orthoptic).jw. 20683 
11 Orthoptics/ 1637 
12 (orthopt* or pleoptic*).tw,ot,kw. 2747 
13 exp Ocular Motility Disorders/ or exp Strabismus/ 34085 
14 (strabism* or squint or squinting or e?otropi* or hypertropi* or hypotropi* or cyclotropi* or heterophori* or e?ophori* 

or hyperphori* or hypophori* or cyclophori* or crossed-eye*).tw,ot,kw. 
16268 

15 Diplopia/ 4118 
16 (diplop* or polyop*).tw,ot,kw. 6450 
17 Vision, Binocular/ or Vision, Monocular/ 6836 
18 ((direction* or field* or position* or restrict*) adj2 (gaz* or upgaz* or downgaz*)).tw,ot,kw. 1752 
19 ((single or monocul* or double or doubling or binocul* or stereo* or horizontal* or vertical* or primary or secondar*) 

adj3 (gaz* or upgaz* or downgaz* or vision* or field* or position*)).tw,ot,kw. 
21412 

20 ((binocul* or monocul*) adj2 (fusion or vision or perception or view or visual or field)).tw,ot,kw. 4635 
21 ((horizontal* or vertical*) adj2 deviation*).tw,ot,kw. 960 
22 deviometr*.tw,ot,kw. 6 
23 (orthophor* or orthotrop*).tw,ot,kw. 1090 
24 diopter*.tw,ot,kw. 6451 
25 duction*.tw,ot,kw. 480 
26 (excyclodev* or cyclodev* or incyclodev* or excyclotors* or cyclotors* or incyclotors* or excyclo-tors* or cyclo-tors* or 

incyclo-tors*).tw,ot,kw. 
269 

27 exp Depth Perception/ 9718 
28 stereopsis.tw,ot,kw. 1804 
29 ((depth or space or spatial* or vis* or distance*) adj2 (percept* or discriminat*)).tw,ot,kw. 14886 
30 exp eye movements/ 39197 
31 ((eye or ocular) adj position*).tw,ot,kw. 2088 
32 ((cover or maddox or Hess*1) adj3 (screen* or test* or chart*)).tw,ot,kw. 825 
33 (MDRT or covertest* or lancaster or AHS).tw,ot,kw. 1331 
34 or/10-33 143253 
35 Ophthalmologic Surgical Procedures/ 8078 
36 Ocular Motility Disorders/su or Diplopia/su or exp Strabismus/su or exp Ophthalmoplegia/su 5374 
37 Oculomotor Muscles/su 3724 
38 exp Graves Disease/su 1705 
39 exp Suture Techniques/ 38229 
40 Muscle Relaxation/ 11718 
41 ((extraocul* or extra-ocul* or muscle* or muscular or rectus or recti or IRM or tenon or strabism* or squint* or e?otropi* 

or hypertrop* or hypotrop* or cyclotrop* or orthotrop* or heterophor* or e?ophor* or hyperphor* or hypophor* or 
cyclophor* or orthophor* or diplop* or polyopsi* or prism* or e?odeviat* or deviat* or align* or malalign* or misalign* 
or duction or oculomotor or vision or binocular or orbipath* or opthalmopath* or restrict* or ortho) adj4 (surg* or 
operat* or preoperat* or pre-operat* or intraoperat* or intra-operat* or postoperat* or post-operat* or presurg* or pre-
surg* or intrasurg* or intra-surg* or postsurg* or post-surg* or reoperat* or resurg* or resect* or reces* or positioning 
or repair* or correct* or overcorrect* or undercorrect* or restor* or adjust* or incis*)).tw,ot,kw. 

36390 

42 (adjustable or nonadj* or realign* or re-align*).tw,ot,kw. 12323 
43 (Faden or Tenon or SSASS or MISS).tw,ot,kw. 6973 
44 (surgical adj (treatm* or repair or intervention or alignment or realign* or management)).tw,ot,kw. 178711 
45 ((surg* or operat* or perioper* or postop*) adj2 (outcome* or approach)).tw,ot,kw. 53294 
46 sutur*.tw,ot,kw. 56413 
47 (no-decompression or NDG).tw,ot,kw. 99 
48 or/35-47 362168 
49 9 and 34 and 48 471 
50 (meta-analysis.pt. or exp technology assessment, biomedical/ or exp Evidence-Based Practice/ or exp Databases, 

Bibliographic/ or exp guideline/ or guideline*.ti,ot. or (((hta or health technology) adj6 assessment*) or meta analy* or 
metaanaly* or meta?analy* or ((review* or search* or research) adj10 evidence) or ((review* or search* or research or 
evidence) adj10 (literature* or medical database* or systemat* or exhaustive)) or medline or pubmed or embase or 
cochrane or cinahl or psychinfo or psychlit or healthstar or biosis or current conten*).tw,ot,kw. or (cochrane or evidence 
or EBM or duodecim).jw.) not (comment or editorial or historical-article).pt. 

509946 

51 7 and 34 and 48 and 50 14 
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Studies addressing success criteria or goal of strabismus surgery in adult GO patients were 

eligible; studies only addressing outcome of dose-effect response were excluded. Two 

authors (HMJ and YBB) independently screened all titles and abstracts.  Disagreement was 

solved by discussion.  

RESULTS  

The search identified 789 unique publications, of which 102 were selected for full text 

screening. In total, 42 papers reporting on success criteria were eligible (Fig. 1). We found 

one prospective case series (Prendiville et al. 2000). The other publications were either 

comparative or non-comparative retrospective case series (Table 1).  

A number of criteria were found in defining success. These criteria are: outcome in 

primary position, differentiation between near and distance, outcome in reading gaze and 

other gazes (field of BSV), ability to fuse, prism required, present abnormal head posture 

(AHP), equipment used for measurement, level of outcome (good, fair, etcetera). Six studies 

included the number of surgeries (Mourits et al. 1990; Fells et al. 1992; Kraus &  Bullock 

1993; Yolar et al. 2001; Godts et al. 2002; Oguz et al. 2002) and one included the possible 

complications following strabismus surgery in their success criteria (Coats et al. 1999) (Table 

2).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Flow chart of study identification. 
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Table 1. Overview of included studies 

study year  type of study number 
patients measurement* 

Maillette de Buy 
Wenniger - Prick et al. 1986 1 22 not specified 

Trokel et al. 1988 1 160 fuse with prisms 
Mourits et al. 1990 1 38 field of BSV with Maddox screen 
Fells  et al. 1992 1 58 Hess, ductions, BSV not specified (score by Fitzsimons et al.67) 

Lueder et al. 1992 1 47 presence of diplopia 
Nardi 1992 1 34 field of BSV - not specified device  
Boergen 1993 1 74 field of BSV - not specified device  
Kraus and Bullock 1993 1 52 Lee screen, Hess screen, binocular visual fields 
Ellerton et al. 1995 1 67 ocular deviation (indirectly PCT), and muscle restrictions 

Flanders and Hastings 1997 1 22 Worth four dot, biMaddox rod, ductions 0 / - 7, APCT near and 
distance 

Coats et al. 1999 1 8 PCT 20 feet and14 inches, ductions – 1 /- 4  

Cruz and Davitt 1999 1 8 APCT in primary and downgaze, 20 ft and 13 inches + ductions 
and versions 

Oguz et al. 2000 not specified 27 not specified 

Prendiville et al. 2000 2 31 PCT at distance in primary position, calculation of duction as 
described by Feldon (1984) 

Ruttum 2000 1,4 55 not specified / presence of diplopia 
Baker and Davis 2001 1 15 ocular motility assessment 
Jacks and Adams  2001 1 44 not specified 
Russo et al.  2001 1 44 not specified 
Yolar et al. 2001 not specified 13 Krimsky test with far fixation, Worth four dot test, Hess screen 
Ai et al. 2002 not specified 11 not specified 
Del Monte 2002 1 135 not specified 

Godts et al. 2002 1,4 30 APCT 33 cm and 6 m, synoptophore, Lancaster, Lees screen, 
Goldmann perimeter for BSV 

Nguyen et al. 2002 1,4 137 PCT primary position 

Oguz et al. 2002 1 23 diplopia in primary and reading gaze, Hess stability, indirect 
PCT  

Schittkowski et al. 2004 1 26 ductions with Kerstenbaumbrille, field of BSV with Harmswand 
Yang et al. 2004 1 25 APCT 6 m and 33 cm  
Gilbert et al. 2005 1,4 50 not specified 
Dal Canto et al. 2006 1 24 deviation in primary gaze and symptoms 

Lu and Yan 2007 1 30 not specified 

Mocan et al. 2007 1 32 PCT near and distance, MDR, ductions 0 /- 4, Worth four dot, 
Titmus 

Pitchon and Klainguti 2007 1 21 Harmwand - eye position inclusive cyclodeviation and field of 
BSV 

Schotthoefer and 
Wallace 2007 3  not specified 

Thomas and Cruz 2007 1,4 86 PCT (indirectly) 
Yan and Zhang 2008 1 25 APCT 6 m and 33 cm  

Nassar et al. 2009 1 50 
ductions with Goldmann (Haggerty et al.73), BSV with 
Goldmann (score by Sullivan et al.68), horizontal and vertical 
fusion range  

Nardi 2009 3  perimeter ductions, versions, APCT 
De Hoog et al. 2009 1 124 not specified 
Nicholson et al. 2011 1 63 PCT primary position, presence of diplopia 
Zoulaman et al. 2011 1 26 APCT at near and distance  

Volpe et al. 2012 1 54 ductions 0 / - 4, PCT 6 m and 33 cm in nine positions of gaze, 
Maddox rod to test overcorrection > 20 degrees 

Kim et al. 2013 1,4 56 PCT and APCT 6 m in primary position 
Yoo et al. 2013 1 8 MDR, Titmus, ductions 0 / - 4, APCT 20 feet and 14 inches 
1 = retrospective case series; 2 = prospective case series; 3 = overview article; 4 = comparative study;  * including those to quantify success criteria if 
stated in the article; PCT = prism covertest; APCT = alternating prism covertest; BSV = binocular single vision; MDR = Maddox double rod 



Systematic literature review and proposal of success criteria 

103 
 

 

Successful outcome was frequently described in terms of fusion or diplopia (n=36; 86%). 

All studies considered ‘absence of diplopia in primary gaze’(Ruttum 2000; Russo et al. 2004) 

or diplopia only present in extremes of gaze’(Godts et al. 2002) as a successful outcome. 

Eight studies based the outcome of surgery on the change in outcome of the prism covertest 

(20%) (Sprunger &  Helveston 1993; Cruz &  Davitt 1999; Prendiville et al. 2000; Nguyen et al. 

2002; Sharma &  Reinecke 2003; Thomas &  Cruz 2007; McCracken et al. 2008; Zoumalan et 

al. 2011). Prisms to gain single vision were regularly mentioned as part of the outcome 

description (n=24, 57%) (Mourits et al. 1990; Fells et al. 1992; Lueder et al. 1992; Flanders &  

Hastings 1997; Cruz &  Davitt 1999; Oguz et al. 2000; Ruttum 2000; Baker &  Ansons 2001; 

Del Monte 2002; Godts et al. 2002; Oguz et al. 2002; Schittkowski et al. 2004; Yang et al. 

2004; Gilbert et al. 2005; Dal Canto et al. 2006; Lu &  Yan 2007; Pitchon &  Klainguti 2007; 

Yan &  Zhang 2008; Nassar et al. 2009; Nicholson et al. 2011; Zoumalan et al. 2011; Kim et al. 

2013; Volpe et al. 2013). The head position as part of the outcome was described in nine 

papers (Fells et al. 1992; Lueder et al. 1992; Coats et al. 1999; Jacks &  Adams 2001; Del 

Monte 2002; Oguz et al. 2002; Gilbert et al. 2005; Yan &  Zhang 2008; Nassar et al. 2009); the 

distinction between near and far distance fixation in three (Flanders &  Hastings 1997; Coats 

et al. 1999; Zoumalan et al. 2011). It was not mentioned how the abnormal head position 

was assessed. Twenty-two (52%) studies considered single vision in primary gaze an 

Table 2. Overview of description of success criteria 

success criteria number of studies percentage (%) 

primary position 42 100 
prism covertest 8 20 
near/ distance 3 7 
fuse / diplopia 36 86 
prism added 24 57 
abnormal head posture 9 21 
reading gaze 22 52 
quantification of reading gaze 4 10 
field BSV 8 20 
levels of success (excellent, good etc.) 19 45 
able to drive 1 2 
number of surgeries 

 
after one surgery 

after one or two surgery 
no visual threatening complication 

7 
 

4 
2 
1 

 
 

10 
5 
2 
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important aspect of the outcome of strabismus surgery (Trokel et al. 1988; Mourits et al. 

1990; Fells et al. 1992; Lueder et al. 1992; Nardi et al. 1992; Boergen 1993; Kraus &  Bullock 

1993; Ellerton et al. 1995; Flanders &  Hastings 1997; Ruttum 2000; Baker &  Ansons 2001; 

Jacks &  Adams 2001; Ai et al. 2002; Schittkowski et al. 2004; Dal Canto et al. 2006; 

Schotthoefer &  Wallace 2007; Yan &  Zhang 2008; Hoog de et al. 2009; Nardi 2009; Nassar 

et al. 2009; Nicholson et al. 2011; Kim et al. 2013). To assess the presence of single vision in 

different directions of gaze, the field of BSV was used in eight studies (20%) (Maillette de Buy 

Wenniger – Prick et al. 1986; Mourits et al. 1990; Boergen 1993; Ai et al. 2002; Godts et al. 

2002; Schittkowski et al. 2004; Pitchon &  Klainguti 2007; Nassar et al. 2009). Four studies 

specified how these directions should be measured (Godts et al. 2002; Schittkowski et al. 

2004; Pitchon &  Klainguti 2007; Nassar et al. 2009). In addition to the primary gaze, the 

majority of studies mentioned the reading gaze as an outcome parameter (n = 22; 52%) 

(Trokel et al. 1988; Mourits et al. 1990; Fells et al. 1992; Lueder et al. 1992; Nardi et al. 1992; 

Boergen 1993; Kraus &  Bullock 1993; Ellerton et al. 1995; Flanders &  Hastings 1997; Ruttum 

2000; Baker &  Ansons 2001; Jacks &  Adams 2001; Ai et al. 2002; Schittkowski et al. 2004; 

Dal Canto et al. 2006; Schotthoefer &  Wallace 2007; Yan &  Zhang 2008; Hoog de et al. 2009; 

Nardi 2009; Nassar et al. 2009; Nicholson et al. 2011; Kim et al. 2013) of which four (9%) 

studies measured the reading gaze by means of the field of BSV (Mourits et al. 1990; 

Schittkowski et al. 2004; Pitchon &  Klainguti 2007; Nassar et al. 2009) (Table 3). Other 

directions of gaze were specified in eight studies (20%)(Maillette de Buy Wenniger – Prick et 

al. 1986; Boergen 1993; Ai et al. 2002; Godts et al. 2002; Pitchon &  Klainguti 2007; Hoog de 

et al. 2009; Nassar et al. 2009). In 45% of the studies, success criteria were described in 

terms of excellent, good, fair  and poor (Fells et al. 1992; Lueder et al. 1992; Ellerton et al. 

1995; Flanders &  Hastings 1997; Ruttum 2000; Baker &  Ansons 2001; Yolar et al. 2001; Del 

Monte 2002; Oguz et al. 2002; Schittkowski et al. 2004; Gilbert et al. 2005; Dal Canto et al. 

2006; Pitchon &  Klainguti 2007; Yan &  Zhang 2008; Hoog de et al. 2009; Nassar et al. 2009; 

Nicholson et al. 2011; Volpe et al. 2013). Nassar et al.(Nassar et al. 2009), Pitchon and 

Klainguti (Pitchon &  Klainguti 2007) and Schittkowsky et al. (Schittkowski et al. 2004) 

introduced a measurement tool to define the levels (Table 3). 

A score sheet to quantify the field of BSV was used by Fells et al. (1992) and Nassar et al. 

(2009). One study focused on a subjective outcome criteria of strabismus surgery in terms of 

‘being able to drive after strabismus surgery’(Jacks &  Adams 2001).  
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DISCUSSION 

This analysis reveals that binocular single vision in primary position and reading gaze is the 

most frequently used outcome measure of strabismus surgery in GO-patients. In addition, 

many authors modify the outcome criteria by using a grading system (excellent, fair, and 

poor). The assessment of the field of BSV, however, is rarely elaborated on and therefore not 

very accurate. Quantification of success criteria is lacking in almost all studies. We conclude 

that based on existing outcome criteria, adequate comparison of operation techniques is 

difficult.  

The three most sophisticated studies (Table 3) base their outcome criteria on a graded 

system of the field of BSV and describe a tool how to measure this field. The tool used is 

either the Goldmann perimeter (Nassar et al. 2009) or the Harmswand (Schittkowski et al. 

2004; Pitchon &  Klainguti 2007). In contrast to the Harmswand, the Goldmann perimeter is 

well known all over the world and counts as the golden standard. Although the cervical 

range of motion (CROM) device measures the diplopia free zone in daily life condition 

(Holmes et al. 2005; Hatt et al. 2007) and a scoring system has been developed (Holmes et 

al. 2005), the device is not integrated in the orthoptic practice worldwide. Therefore, the 

Goldmann perimeter is the most suitable instrument to quantify the field of BSV.                

The existing grading systems mentioned in Table 3 reveal some shortcomings. Nassar et al.  

Table 3.  Three examples of success criteria 

Study Success criteria 

Nassar et al. (2009) 

Good – field of BSV > 50% and heterophoria in primary position 
Moderate – field of BSV 1% - 50%  and heterotropia correctable with prism or AHP in 
primary position 
Poor – no field of BSV and intractable diplopia 
Measurement:  Goldmann perimeter and Sullivans scores system68. 

Pitchon and Klainguti (2007) 

Excellent – BSV in all directions of gaze 
Good – BSV in primary position and reading gaze without prisms 
Fair – BSV in primary position and reading gaze with prisms 
Failure – persistent diplopia in primary position and/or reading gaze with prisms 
Measurement:  field of BSV with Harmswand 

Schittkowski et al.(2004) 

Excellent – in all directions of gaze free of diplopia.  
Very good – BSV without prisms in primary and reading position.  
Good – BSV with maximal 5^prisms in primary and reading position.  
Fair – diplopia in reading or primary position to much for prism.  
Failure – diplopia not correctable with prisms. 
Measurements: field of BSV with Harmswand 

BSV = binocular single vision  
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distinguish good, moderate and poor outcomes and consider a field of BSV of ≥ 50% of 

normal as ‘good’ (Nassar et al. 2009). However, it matters in which direction of gaze single 

vision exists. Single vision in primary and reading position is far more important than in side 

gaze (Woodruff et al. 1987; Fitzsimons &  White 1990; Sullivan et al. 1992). In addition, more 

subtle grades of outcome are to be preferred.  Two studies applied a score sheet to quantify 

the field of BSV (Fells et al. 1992; Nassar et al. 2009). To compare surgery results, such a 

score system is essential. Fitzsimons and White  (Fitzsimons &  White 1990) applied a score 

sheet but did not weigh central and downgaze segments differently from peripheral ones. 

Woodruff et al. (Woodruff et al. 1987) and Sullivan et al. (Sullivan et al. 1992) proposed a 

weighted scoring system for the field of BSV. Higher scores are given to the field of BSV in 

primary and reading positions. This type of scoring is essential in diplopic patients. The total 

score of the field of Woodruff et al. was 124 and of Sullivan et al. 100 points. This latter 

score is to be preferred because a direct expression of a percentage of normal is possible.  

Only one study within the timeframe mentioned in the method section quotes subjective 

outcome parameters like quality of life (Jacks &  Adams 2001). In a previous paper, we found 

a significant improvement of the quality of life measured with the Graves’ Orbitopathy 

specific QoL questionnaire (GO-QoL) after strabismus surgery, but no strong correlation 

between the field of BSV and the QoL outcome (Jellema et al. 2014).  This finding supports 

the theory that the patients’ quality of life encompasses more than the squint angle in 

primary position and reading gaze. So, apart from objective outcome criteria, it would be 

best to have subjective outcome criteria as well. The GO-QoL (Terwee et al. 1998) has shown 

to be of value in this respect, containing 16 questions; 8 items about visual functioning and 8 

items about appearance. Especially the items about visual functioning (for instance: ‘ability 

to drive, read and walk around the house) connect to the complaint of diplopia. The GO-QoL 

is validated and a Minimal Clinically Important Difference (MCID) was calculated (Terwee et 

al. 2001). Also, this questionnaire is translated in several languages and used in randomized 

clinical trials (Prummel et al. 2004; European Group on Graves et al. 2009). Another QoL 

questionnaire for GO was developed by Fayers and Dolman and composes three questions 

(TED-QoL). This questionnaire comprises two questions which are indirectly related to 

diplopia. Comparing the TED-QoL with the GO-QoL, it was found that the latter correlated 

better to the symptoms and signs of strabismus (Fayers &  Dolman 2011).  A questionnaire 

used for strabismus patients in general is the ASQ-20 (Hatt et al. 2009a,b). This questionnaire 
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is suitable for both diplopic and non- diplopic patients. Hatt et al. found a higher 

psychosocial score (below threshold) in the non-diplopic patients and higher function scores 

(below threshold) in the diplopic patients (Hatt et al. 2009a). However, comparing this ASQ-

20 with the GO-QoL, the latter is a questionnaire spearheaded for patients with Graves’ 

Orbitopathy and is generally accepted and implemented worldwide.  

Successful outcome of strabismus surgery in GO-patients is a challenge and some studies 

express the amount of surgeries as their outcome criteria (Mourits et al. 1990; Fells et al. 

1992; Kraus &  Bullock 1993; Yolar et al. 2001; Godts et al. 2002; Oguz et al. 2002) . Recent 

studies (Sasim et al. 2008; Lyons &  Rootman 2010; Jellema et al. 2012) showed that often 2 

strabismus surgeries are needed to create a useful field of BSV. At the same time, not only 

the outcome at the end is important, but also the amount of change is relevant. It is 

calculated as the difference between the post- and preoperative score of the field of BSV or 

QoL questionnaire. To define success, this gain in score can also be used as success criteria.  

We conclude that several criteria for the definition of success criteria in GO patients 

undergoing strabismus surgery are already available in the literature, but one single 

reproducible and easy manageable system including all essential parts does not exist. Based 

on the discussion about the field of BSV, amount of surgeries and QoL questionnaires (both 

visual function and appearance) above, we suggest the following to define success of 

strabismus surgery in GO patients (Fig. 2): 

(1) Measurement of the field of BSV with the Goldmann perimeter with the score system 

of Sullivan et al. (Sullivan et al. 1992) after one or two surgeries including the 

improvement per surgery. 

(2) Quality of life questionnaire as developed and implemented by (Terwee et al. 1998) 

comprising both the visual function and appearance questions and after one or two 

surgeries including the change per surgery. 

With this proposal primary outcome measurements can be quantitatively recorded from 

the field of BSV, the GO-QOL visual function and the GO-QoL appearance questionnaire. 

Changes over time in the field of BSV can also be used  together with the other available 

tools like CAS score, Hertel measurement, ductions, eye position, etcetera, to evaluate if GO 

is still active or to plan surgery. We hope to have produced a practical and useful score 

system for both clinical and scientific use to create a foundation for future studies including 

the ability to compare outcomes between studies.  



Chapter 6 

108 
 

A: Score system for the field of binocular single vision (BSV) measured with the Goldmann perimeter     
(Sullivan et al. 1992). Each segment is scored if the central dot is within the field of BSV. 

First surgery 
Preoperative score (Pre-score)   points = % 
Postoperative score (Post-score)    points = % 
Change (Post-Pre score)    points = % 
Second surgery 
Preoperative score (Pre-score)   points = % 
Postoperative score (Post-score)    points = % 
Change (Post-Pre score)    points = % 
Final Outcome score BSV:    points = % 
Permanent prism glasses are accepted 

 
B: Questions about quality of life in Graves’ Orbitopathy (adapted from Terwee, 2000). 

APPEARANCE  
The following questions deal with your thyroid eye disease in general 

 Yes, very 
much so Yes, a little No, not at all 

9. Do you feel that your appearance has changed because of your 
thyroid eye disease?    

10. Do you feel that you are stared at in the streets because of your 
thyroid eye disease?    

11. Do you feel that people react unpleasantly because of your 
thyroid eye disease?    

12. Do you feel that your thyroid eye disease has an influence on 
your self-confidence?    

13. Do you feel socially isolated because of your thyroid eye 
disease?    

14. Do you feel that your thyroid eye disease has an influence on 
making friends?    

15. Do you feel that you appear less often on photos than before 
because of your thyroid eye disease?    

16. Do you try to mask changes in appearance caused by your 
thyroid eye disease?    

VISUAL FUNCTIONING 
The following questions deal specifically with your thyroid eye disease. Please focus on the past week while answering these 
questions. During the past week, to what extent were you limited in carrying out the following activities, because of your 
thyroid eye disease (with your (prism) glasses)? Tick the box that matches your answer. The boxes correspond with the 
answers above them. Please tick only one box for each question. 

  Yes, seriously 
limited 

Yes, a little 
limited 

No, not at all 
limited 

1. Bicycling [never learned to ride a bike  ]    

2. Driving [no driver’s licence  ]    
3. Moving around the 

house     

4. Walking outdoors     
5. Reading     
6. Watching T.V.     
7. Hobby or pastime 

i.e.………………….     

8. During the past week, did you feel hindered from something 
that you wanted to do because of your thyroid eye disease?    
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All GO-QoL questions are scored as `severely limited' (one point), `a little limited' (two points), or `not limited at all' (three 

points). The questions 1 – 8 (visual functioning) and questions 9 – 16 (appearance) are added up to two raw scores from 8 

to 24 points, and then transformed to two total scores from 0 to 100 by the following formula: total score = ((raw score – 

8)/16 x 100). For both total scores holds that higher scores indicate better QoL. For questions 1 and 2, the answers `no 

drivers' license' or `never learned to ride a bike' can be scored as a missing value. When there are missing values for some 

items, total scores are calculated for the remaining completed items. The transformation is then adjusted to: total score = 

((raw score – *)/ (2 x *) x 100) where * is the number of completed items (Terwee et al., 2001).  

First surgery 

Preoperative score (Pre-score)  VF  points = %  AP  points = %  
Postoperative score (Post-score)  VF  points = % AP  points = %  
Change (Post-Pre score)   VF  points = % AP  points = %  
Second surgery 
Preoperative score (Pre-score)  VF  points = % AP  points = %  
Postoperative score (Post-score) VF  points = % AP  points = %  
Change (Post-Pre score)  VF   points = % AP  points = %  
Final Outcome score QoL:  VF  points = %   AP  points = %  
Permanent prism glasses are accepted. VF =visual functioning questions / AP = appearance questions  
 
Figure 2. Proposal of success criteria for strabismus surgery in Graves’ Orbitopathy patients. 
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