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Comitant Horizontal Strabismus
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3.1	 Introduction

Horizontal comitant strabismus forms the single largest group of strabismus we 
encounter routinely. In spite of their clinical abundance, varied presentation makes 
this subtype challenging even for an experienced observer.

Broadly speaking, a horizontal comitant deviation could be either esotropia (ET) 
or exotropia (XT) depending on whether either eye deviates inwards (nasally) or 
outwards (temporally). The literal meaning of ‘committance’ is to be pledged or to 
accompany in a subordinate way. Both the eyes (are pledged to each other and) have 
equal deviation in all directions of gaze for a given fixation distance. The seat of 
anomaly is usually the brain unlike incomitant deviations which arise out of defect 
in the neuro muscular complex.

Dynamic mechanisms (e.g. accommodation, fusional vergence) may be superim-
posed or may mask the deviation. Residents often confuse esotropia to be the oppo-
site of exotropia; however, they should be considered as totally different entities.

A simplified classification of ET and XT is mentioned in Table 3.1.

3.2	 �Esotropia and Its Management

A number of anomalies may lead to esotropia (Fig. 3.1), and it is essential to elabo-
rate the underlying pathophysiology in order to administer the appropriate 
treatment.

Before going into the types of ET, it would be worthwhile to talk about esophoria 
E and intermittent esotropia E(T), both of which are usually compensated by 
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Table 3.1  Simplified 
classification of comitant 
horizontal deviations

Esodeviations
1. Accommodative
 � Refractive
 � Non-refractive
 �   Hyperaccommodative (high AC/A)
 �   Hypoaccommodative (reduced NPA)
 � Partially accommodative
2. Nonaccommodative
 � Essential infantile
 � Late onset
 �   Basic type
 �   Acute onset
 �   Convergence excess
3. Sensory
4. Less frequent types
 � Cyclica

 � Microtropia
 � NBSa

 � ET with neurological abnormalities
Exodeviations
1. X
2. X(T)
3. XT
 � Divergence excess
 � Basic
 � Convergence insufficiency
 � Simulated divergence excess
4. Sensory

ET esotropia, XT exotropia, X exophoria, X(T) intermittent exotro-
pia, AC/A accommodative convergence/accommodation, NPA near 
point of accommodation, NBS nystagmus blockage syndrome
aDiscussed in other chapters

Fig. 3.1  Esotropia left eye

fusional reserves. Refractive correction should be done. If the asthenopia persists, 
the patient should be referred to a specialist to consider a trial of prisms or, in rare 
cases, surgery. The following discussion outlines basic characteristics and manage-
ment of various subtypes of esotropia.
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3.2.1	 �Accommodative ET

Accommodative ET is caused by increased accommodative effort or an abnormally 
high accommodative convergence/accommodation (AC/A) ratio. Its onset is usually 
between 2 and 3 years of age, and the deviation for near fixation is larger than that 
for distance [1]. Simplified approach to diagnosis and management of accommoda-
tive ET is represented in Table 3.2.

	1.	 Refractive accommodative ET is due to uncorrected hypermetropia. ET occurs 
because of convergence associated with persistent accommodative effort to 
overcome uncorrected hypermetropia. AC/A ratio is normal, and it is fully cor-
rected in all gazes and at all fixation distances by refractive correction.

Accommodative
Esotropia

(ET greater for near than
for distance)  

Refractive correction
reduces the
deviation?  

YES

Full correction of
deviation 

Refractive
Accommodative

Esotropia  

Refractive
Correction 

Partial correction
of deviation 

Partially
Accommodative

Esotropia  

Refractive correction
followed by surgical
correction of static

deviation 

NO

Check AC/A Ratio

HIGH

Non Refractive Hyper-
accommodative

Esotropia 

Bifocal glassesa

NORMAL

Remote NPA

Non Refractive Hypo-
accommodative

Esotropia 

Bifocal glassesa or
surgery 

Table 3.2  Diagnosis and management of accommodative esotropia

AC/A accommodative convergence/accommodation, ET esotropia, NPA near point of accom-
modation
aBifocal glasses should eliminate the near deviation and have no utility if the deviation merely 
reduces
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	2.	 Non-refractive hyperaccommodative ET is caused by an abnormally high 
accommodative convergence/accommodation (AC/A) ratio with a normal near 
point of accommodation. The deviation is greater for near fixation and is unre-
lated to the refractive error. It is treated by prescribing straight top (executive) 
pupil bisecting bifocal lenses (Figs.  3.2 and 6.2) with the near addition just 
enough to convert ET into esophoria. Measuring the AC/A ratio has been dis-
cussed in the Text Box 3.1 [2–5].

	3.	 Non-refractive hypoaccommodative ET presents as ET for near fixation due to 
increased accommodative effort to overcome a weakness of accommodation 
(remote near point of accommodation). This entity is seldom seen, and both bifocals 
and medial rectus weakening procedures are recommended for its management [6].

	4.	 Partially accommodative ET is diagnosed when only a part of the deviation is due 
to accommodative factors (Fig. 3.3). The nonaccommodative component may 
be congenital or may develop after correction of refractive error [1]. Surgery is 
indicated to correct only the static deviation after refractive correction.

3.2.2	 �Nonaccommodative ET

The distinctive feature between accommodative and nonaccommodative esotropia 
is the absence of disparity in deviation while fixating upon a near or distant target. 
The following are the common subtypes of nonaccommodative esotropia:

Fig. 3.2  Pupil bisecting executive bifocals
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	1.	 Essential infantile ET as the name suggests has an onset in the first year of life 
and has an unknown aetiology (Fig. 3.4). It is a commonly seen variant and is 
characterised by a stable, large-angle deviation with asymmetrical optokinetic 
nystagmus. Amblyopia, crossed fixation and other motility abnormalities like up 
shoot or down shoot on adduction are frequently associated. It’s management is 
surgical alignment. Surgery should be performed as soon as a fair estimate of the 

Fig. 3.3  (L to R) Refractive accommodative ET, partially accommodative ET and nonaccommo-
dative (basic type) ET

Text Box 3.1: Measuring the AC/A Ratio
The AC/A ratio can be measured either by the gradient method or the hetero-
phoria method. The gradient method gives a better estimate of the ratio [2]. 
The unit for AC/A ratio is prism diopter (Δ)/diopter (D). The ratio in normal 
subjects varies from about 1.5:1 to 5.5:1 depending on the method used for its 
calculation and probably also on the race [3–5].

Gradient method

	
AC A/ =

−N L

3 	

N = Deviation in Δ with proper correction at 33 cm
L  =  Deviation with addition of +3D lenses at 33  cm to relax 

accommodation
Heterophoria method

	
AC A IPD/ = +

−N D

3 	

IPD = Interpupillary distance (in cm)
N = Near deviation (33 cm) in Δ
D = Distance deviation (6 m) in Δ
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amount of deviation can be made. The surgery recommended is bimedial reces-
sion in children and medial rectus recession with lateral rectus resection of the 
non-dominant eye in patients with poor prognosis for recovery of binocularity 
(Text Box 3.2). For children in whom early surgery is not possible, botulinum 
toxin may be considered as an alternative (Chap. 8). Frequently, multiple surger-
ies are required and binocular functions remain subnormal in long term. 
Postoperative rehabilitation should be aimed towards amblyopia management.

	2.	 Acquired or basic ET has a gradual onset after infancy with no disparity between 
near and distance deviation. Amblyopia management should be followed by sur-
gical alignment.

	3.	 Acute onset comitant ET should be carefully differentiated from paralytic stra-
bismus paying careful attention to motility limitation (Chap. 1). This entity 
should be managed by specialists.

	4.	 Convergence excess ET occurs due to excessive convergence in the presence of 
normal accommodation. Large bilateral MR recession or posterior fixation 
sutures (Faden’s procedure) on them may be indicated for treatment [1].

3.2.3	 �Sensory ET

Sensory ET occurs secondary to poor vision in one eye. Treatment consists of cor-
recting the underlying cause of poor vision and amblyopia therapy if the cause is 
treatable. Alignment should be considered even for blind eyes as the psychosocial 
impact of cosmetic disfigurement is significant [7–9].

Fig. 3.4  Infantile ET

Text Box 3.2: Choice of Surgery in Infantile ET

Children below 6 years Bimedial recession
Patients with demonstrable binocularity Bimedial recession
Patients with no binocular functions MR Recession + LR Resection of non-

dominant eye
Children unwilling/unfit for surgery Inj. botulinum toxin in both medial recti
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3.2.4	 �Microtropia

Microtropia is a small-angle (lesser than 5°) ET associated with abnormal retinal cor-
respondence, amblyopia, normal peripheral fusion and defective stereopsis. It is usu-
ally diagnosed in older children and adults, in whom it does not require treatment.

3.2.5	 �ET with Neurological Abnormalities

Children with neurological abnormalities like cerebral palsy often have associated 
strabismus, most frequently ET [10]. This may present in infancy or later and may 
show large variability over time. Considering the variability and high risk for gen-
eral anaesthesia, we manage these children by amblyopia prevention therapy and 
botulinum toxin initially. Surgical management has a satisfactory outcome in about 
50% of children [11].

3.3	 �Exotropia

Unlike ET, which present as a conglomerate of discreet underlying pathologies, 
exodeviations are more uniform in their presentation. Exophoria X, intermittent 
exotropia X (T) and constant exotropia XT may usually be considered as continuum 
of the same spectrum with progressively worsening fusional reserves [12]. The 
onset is in early childhood, but usually the patients present as adults when the 
amplitude of accommodation and tonic convergence begin to decline. As decom-
pensation of exophoria begins, the patient may complain of diplopia, asthenopia or 
photophobia (due to absence of near clues which help in control the deviation). As 
the deviation becomes constant, suppression develops, and patient becomes asymp-
tomatic except for cosmetic disfigurement (Fig. 3.5).

It should be understood that many patients have variability of fusional control 
depending on alertness, general health, anxiety and willingness to cooperate for 
examination. It could vary at different time of the day and from one examination to 
the next. Calhounz et al. have classified XT into IV phases based on the fusional 
control where a patient in phase I has X at distance only, in phase II has X(T) for 
distance, phase III has XT for distance and X(T)′ for near, and phase IV has 

Fig. 3.5  Exotropia left eye
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constant XT. A phase I patient would be asymptomatic, and there would be a pro-
gressive worsening of binocular functions from phase II till phase IV where they 
would be largely absent (Text Box 3.3).

3.3.1	 �Exotropia Classification

For management it would be also useful to classify XT into the following types

	1.	 Divergence excess—when the deviation for distance fixation is at least 15Δ 
(prism dioptres) larger than for near

	2.	 Convergence insufficiency—when the deviation for near fixation is at least 15Δ 
larger than for distance

	3.	 Basic—when the near and distance deviations are equal or their difference is 
lesser than 15Δ

	4.	 Simulated divergence excess—which on initial testing has a significantly larger 
deviation for distance fixation but on elimination of dynamic factors (by occlu-
sion of either eye for 1 h) the near deviation becomes equal to or larger than the 
distance deviation. This phenomenon is called convergence after effect. For this 
reason all patients with divergence excess type of deviation should undergo an 
occlusion test by occluding either eye for 1 h [13]. Before removing the patch for 
measurements (by prism and cover test), the fellow eye should be occluded to 
prevent even a momentary binocular stimulation that could make the patient con-
trol the near deviation.

3.3.2	 �Exotropia Management

As with all types of strabismus, refractive correction should be the first step in man-
agement. Although it is believed that uncorrected myopia plays a role in develop-
ment to exodeviation by constant under stimulation of convergence [14], this factor 
has a much lesser importance than hypermetropia in causation of esotropia [11]. 
Myopia should be fully or slightly overcorrected and least possible hypermetropic 

Text Box 3.3:  Phenomenon of Panoramic Vision
Horizontal enlargement of the visual field during binocular viewing is some-
times seen in large angle constant XT. There is absence of any retinal corre-
spondence and the two eyes function independently like in lower species. 
These individuals enjoy a large horizontal visual field up to 250° at the cost of 
the binocular vision.

Clinical Tip
Care should be taken to neutralise any effect of fusion mechanisms while 
evaluating the angle of deviation. Maximum static deviation should be 
assessed while planning surgical management.
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correction should be titrated individually to make the patient comfortable. Contact 
lenses and refractive surgery are known to have a beneficial effect on ocular devia-
tion and may be tried in suitable patients as discussed in Chap. 6 [15, 16].

As in accommodative ET, it has also been suggested to measure the deviation for 
near fixation through +3.0 D sphere to eliminate the need for accommodation and 
unmask substantially larger deviation in patients with increased AC/A ratio [17]. This 
exercise, however, has a very limited role in management planning of XT [11, 18]. 
Stereoacuity assessment for near and distance should routinely be done in patients with 
X(T). A progressive deterioration can be an indicator for early surgical intervention.

Role of prisms and orthoptics is limited to improving binocular vision, amblyo-
pia treatment and treating obvious convergence insufficiency. Definite treatment of 
symptomatic X, X(T) and XT is surgical [11].

Surgery for constant deviations should be performed once the diagnosis is made and 
reliable measurements made. Surgery is not performed for deviations lesser than 15Δ.

Timing of surgery for X(T) is decided according to information in Text Box 
3.4 [11, 19–21]. Choice of surgery is summarised in the Text Box 3.5 [11]. 
Botulinum toxin injection has also been suggested for management in children 
and adults [22, 23].

Short- to medium-term results of exotropia surgery are good with majority of 
patients achieving reduction in static angle and developing better control of devia-
tion. The latter can be attributed to better sensory status in most XT patients com-
pared to ET. However, long-term prognosis is guarded as recurrences are common.

Sensory XT occurs secondary to poor vision in one eye. Alignment is recom-
mended for cosmesis and associated psychosocial benefits [6, 7].

Text Box 3.4: Timing of Surgery in X(T)
Surgery in intermittent exotropia [11, 15–17] should be considered when

•	 There is progression as evident by:
–– Increased frequency of manifest deviation (>50% of waking hours)
–– Increase in size of basic deviation
–– Evidence of deterioration of distance stereoacuity or development of 

suppression
•	 Newcastle control score (NCS) is ≥3/7

NCS is calculated by scoring home and clinic control and totalling the 
scores (0 being best control and 7 being worst).

Home control is scored 0, 1, 2 or 3 depending on whether the deviation is 
never noticed, noticed <50% of the time for distance, >50% of the time for 
distance or seen for both near and distance.

Clinic control is scored (separately for distance and near) 0, 1 or 2 depend-
ing on whether the deviation is manifest only after cover test with spontane-
ous control or control occurs after a blink or gets manifest spontaneously.

3  Comitant Horizontal Strabismus
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3.4	 �Summary

•	 Horizontal comitant strabismus forms the commonest group of strabismus and 
can be broadly classified into esotropia and exotropia.

•	 Primary anomaly is believed to lie in the higher centres. Dynamic factors may be 
superimposed making the management challenging.

•	 Prescribing appropriate refractive correction is the essential first step in 
management.

•	 Deviation should always be measured for near and distance. Any change in devi-
ation with refractive correction must also be noted.

•	 Early surgery is indicated in essential infantile esotropia.
•	 Exotropia may be considered a clinical spectrum with exophoria and constant 

exotropia as the two extremes, indicating a progressive loss of fusional reserves.
•	 While assessing exotropia, all efforts must be made to unmask the maximum 

deviation before planning surgical correction.
•	 X(T) is common; surgical intervention may be indicated in the presence of wors-

ening stereoacuity.
•	 Surgery is considered only for the static component of deviation with the aim to 

restore stable fusion at near and distance fixation.

3.5	 �Multiple Choice Questions

	1.	 Infantile esotropia is characterised by all of the following except:
	(a)	 Large-angle deviation
	(b)	 Cross fixation
	(c)	 Inferior oblique overaction
	(d)	 High hypermetropia

Answer: (d)  Infantile esotropia is usually not associated with significant refractive 
error.

Text Box 3.5: Choice of Surgery in XT according to types

Divergence excess Bilateral LR recession
Convergence insufficiency 1. Bimedial resection (if deviation present only for near)

2. LR recession + MR resection of 1 eye
Basic type and simulated 
divergence excess

LR recession + MR resection of non-dominant eye

Sensory XT LR recession + MR resection of blind eye

S. Agrawal et al.
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	2.	 True about management of intermittent exotropia X(T)
	(a)	 When the exotropia occurs during more than 50% of waking hours, surgery 

should be performed.
	(b)	 If diplopia vanishes in a patient who previously had diplopia, it is a good 

prognostic sign.
	(c)	 Near stereoacuity is more important than distant stereoacuity as it worsens 

earlier.
	(d)	 All of the above.

Answer: (a)  Exotropia occurring for more than 50% of waking hours is indication 
of surgery. If diplopia vanishes in a patient of X(T), it is a bad sign as it signifies 
suppression. Distance stereoacuity deteriorates first in X(T).

	3.	 Which of the following best defines accommodative esotropias?
	(a)	 Onset at 3–4 years of age with deviation equal for near and distance.
	(b)	 Onset at 2–3 years of age, deviation for near more than distance, may be 

associated with hypermetropia or high AC/A ratio.
	(c)	 Onset <1 year of age and high AC/A ratio.
	(d)	 Onset at 2–3 years of age, deviation for distance more than near.

Answer: (b)  Accommodative ET is caused by increased accommodative effort (due 
to hypermetropia) or an abnormally high AC/A ratio. Its onset is usually between 2 
and 3  years of age, and the deviation for near fixation is larger than that for 
distance.

	4.	 1 mm decentration of corneal reflex corresponds to:
	(a)	 5°
	(b)	 7°
	(c)	 5.5°
	(d)	 6°

Answer: (b)  1 mm decentration of corneal reflection corresponds to 7° of deviation 
in visual axis.

References

	 1.	von Noorden GK, Campos EC. Chapter 16: Esodeviations. In:  Binocular vision and ocular 
motility. 6th ed. St. Louis: Mosby; 2002. p. 311–49.

	 2.	Ogle KN, Martens TG, Dyer JA. Oculomotor imbalance in binocular vision and fixation dis-
parity. Philadelphia: Lea & Febiger; 1967.

	 3.	Murray C, Newsham D. Normative values for the accommodative convergence to accommo-
dation ratio (AC/A). Invest Ophthalmol Vis Sci. 2010;51:801.

3  Comitant Horizontal Strabismus



58

	 4.	 Jackson JH, Arnoldi K.  The gradient AC/A ratio: what’s really normal? Am Orthopt J. 
2004;54:125–32.

	 5.	Sen DK, Malik S. Accommodative-convergence over accommodation (AC/A) ratio (in normal 
Indian subjects). Indian J Ophthalmol. 1972;20:153–7.

	 6.	Vivian AJ, Lyons CJ, Burke J. Controversy in the management of convergence excess esotro-
pia. Br J Ophthalmol. 2002;86(8):923–9.

	 7.	Durnian JM, Noonan CP, Marsh IB. The psychosocial effects of adult strabismus: a review. Br 
J Ophthalmol. 2011;95:450–3.

	 8.	Olitsky SE, Sudesh S, Graziano A, Hamblen J, Brooks SE, Shaha SH. The negative psychoso-
cial impact of strabismus in adults. J AAPOS. 1999;3(4):209–11.

	 9.	Mojon-Azzi SM, Kunz A, Mojon DS. Strabismus and discrimination in children: are children 
with strabismus invited to fewer birthday parties? Br J Ophthalmol. 2011;95:473–6.

	10.	Collins ML.  Strabismus in cerebral palsy: when and why to operate. Am Orthopt J. 
2014;64:17–20.

	11.	Ghasia F, Brunstrom-Hernandez J, Tychsen L. Repair of strabismus and binocular fusion in 
children with cerebral palsy: gross motor function classification scale. Invest Ophthalmol Vis 
Sci. 2011;52(10):7664–71.

	12.	von Noorden GK, Campos EC. Chapter 17: Exodeviations. In:  Binocular vision and ocular 
motility. 6th ed. St. Louis: Mosby; 2002. p. 356–76.

	13.	Wright KW, Spiegel PH, Thompson LS. Chapter 8: Exotropia. In:  Handbook of pediatric 
strabismus and amblyopia. New York: Springer; 2006. p. 270–1.

	14.	Donders FC. An essay on the nature and the consequences of anomalies of refraction, Oliver 
CA, editor. Philadelphia: P Blakiston’s Son & Co; 1899. p. 59.

	15.	Herman JS, Johnson R. The accommodation requirement in myopia. A comparison of contact 
lens and spectacles. Arch Ophthalmol. 1966;76:47–51.

	16.	Agrawal S, Singh V, Yadav A, Katiyar V. Orthoptic relevance of refractive correction in the 
phakic plane in unilateral high refractive errors in adults. Oman J Ophthalmol. 2016;9:196–8.

	17.	Brown HW. Discussion of paper by Burian HM, Franceschetti AT: Evaluation of diagnostic 
methods for the classification of exodeviations. Trans Am Ophthalmol Soc. 1970;68:56.

	18.	Burian HM, Franceschetti AT. Evaluation of diagnostic methods for classification of exodevia-
tions. Trans Am Ophthalmol Soc. 1970;68:56.

	19.	Haggerty H, et  al. The Newcastle Control Score: a new method of grading the severity of 
intermittent distance exotropia. Br J Ophthalmol. 2004;88:233–5.

	20.	Baker JD, Schweers M, Petrunak J. Is earlier surgery a sensory benefit in treatment of inter-
mittent exotropia? In: Lennerstrand G, editor. Advances in strabismology, Proceedings of the 
eighth Meeting of the International Strabismological Association, Maatricht, Dept 10–12, 
1988. Buren, The Netherlands: Aeolus Press; 1999. p. 289.

	21.	Kelkar JA, Gopal S, Shah RB, Kelkar AS. Intermittent exotropia: surgical treatment strategies. 
Indian J Ophthalmol. 2015;63:566–9.

	22.	Spencer RF, Tucker MG, Choi RY, McNeer KW. Botulinum toxin management of childhood 
intermittent exotropia. Ophthalmology. 1997;104(11):1762–7.

	23.	Etezad Razavi M, Sharifi M, Armanfar F. Efficacy of botulinum toxin in the treatment of inter-
mittent exotropia. Strabismus. 2014;22(4):176–81.

S. Agrawal et al.


	3: Comitant Horizontal Strabismus
	3.1	 Introduction
	3.2	 Esotropia and Its Management
	3.2.1	 Accommodative ET
	3.2.2	 Nonaccommodative ET
	3.2.3	 Sensory ET
	3.2.4	 Microtropia
	3.2.5	 ET with Neurological Abnormalities

	3.3	 Exotropia
	3.3.1	 Exotropia Classification
	3.3.2	 Exotropia Management

	3.4	 Summary
	3.5	 Multiple Choice Questions
	References


