                   TYPES OF STRABISMUS

1. Pseudostrabismus.

2. Heterophoria (latent strabismus).

3. Heterotropia (concomitant strabismus).

4. Paralytic strabismus (incomitant strabismus).

5. Strabismus syndromes.

Concomitant strabismus should be distinguished from other types of strabismus. Only exact diagnosis of the pathology enables to undertake appropriate management leading the complete recovery.

                                  PSEUDOSTRABISMUS
Pseudostrabismus  is a condition, which only simulates squint. The eyes are straight ,however they appear to be crossed. Often we observed the abnormality of the eyeballs structure or its placement in the orbits or  changes in the eye protective apparatus. 

Pseudostrabismus is present, when the visual axis (connecting fixing object with the fovea) is different then the optic axis ( the line running through the center of cornea and pupil). The angle at which these axes crossed is called gamma angle. Observed reflection of light from cornea is not in line with visual axis, simulating convergence, divergence, hypertropia or hypotropia. Gamma angle is measured with Maddox scale at 1 m distance. Covering one eye, examiner observes whether light reflection is in the center of pupil. If not, gamma angle is present. It is expressed by the necessary shift on the Maddox scale so as the reflex would be in the center. In very young children wide, flat bridge of the nose and small folds of the eyelid skin or narrow interpupillary distance are frequent. Such a state may simulate convergent strabismus. Pseudostrabismus is rarely seen also in high myopia.

In other cases (pseudoexotropia), wide interpupillary distance or presence of gamma angle resulting from the eyeball diseases ( macular ectopia in the retinopathy of prematurity,or high hypermetropia) may be present.(see Fig 37)
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Fig.37 Pseudostrabismus.

Detailed diagnosis with the aid of various tests should be made in every case to differentiate pseudostrabismus form the true strabismus. Pseudostrabismus does not require therapy and eye appearance frequently changes with the child’s age.

                                            HETEROPHORIA

In healthy children action of the extraocular muscles is balanced. It is so-called ortophoria. However, disturbances of such a balance are frequent and are generally called heterophoria. Deviation of the visual axis results from the fusion interruption, which is not able to maintain binocular vision any longer. Types of heterophoria, dependent on the direction of eye misalignment, are the following:

( Esophoria: deviation inward.

( Exophoria: deviation outward.

( Hyperphoria: deviation  upward.

( Hypophoria: deviation downward.

-Incyclophoria:rotation inside.

-Excyclophoria: rotation outside

Factors weakening the fusion facilitate  heterophoria progressing to the concomitant strabismus. Such a state is called decompensated heterophoria. It is the strabismus of a sudden onset with diplopia, lack of the symptoms of extraocular muscles paralysis and normal retinal correspondence. It requires immediate nonsurgical or surgical treatment to prevent stabilization of strabismus, diplopia, and constant fusion interruption with break of the binocular vision. Factors predisposing to decompensated heterophoria are listed below:

( Uncorrected refraction error

( Anisometropia.

( Transient cover of one eye.

( Emotional or physical shock.

( Fatigue or asthenia ( severe infections).

In heterophoria with excessive and long-lasting overuse of the fusion mechanisms feeling of the eyes fatigue, sometimes headache, blurred near vision, especially with prolonged reading, and diplopia are seen. These are the signs of so-called asthenopia. Spectacles with prism facilitating actions of the weakened muscles are recommended. Eye exercises strengthening binocular vision are also effective. In rare cases, even surgical treatment is required.

                          CONCOMITANT STRABISMUS

Heterotropia  may appear at any age of the child. It is characterized by the preserved eye mobility in all directions of gaze, the primary angle is equal to the secondary angle, diplopia is replaced by the compensation mechanisms in the form of suppression, amblyopia, anomalous retinal correspondence. Heterotropia may be alternating or unilateral, constant or intermittent, with the constant or variable angle of strabismus, and ( depending on the direction of deviation:

( Esotropia.

( Exotropia.

( Hypertropia.

( Hypotropia.

( Oblique muscle dysfunction

( A-pattern strabismus.

( V-pattern strabismus

                                                ESOTROPIA

Esotropia is the most common type of strabismus, including congenital, accommodative, and cyclic forms. 

                                                     Congenital esotropia

Ocular manifestation and diagnosis

This form of strabismus is present since birth. It is characterized by the large and constant angle of strabismus.  One eye and then the fellow eye fixes alternatively in the primary position. At side viewing cross fixation is present.The right eye is used in left gaze and the left eye is used in right gaze (see Fig.38)
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Fig.38Infantile esotropia showing alternating fixation.

 Patients show limited abduction of both eyes; it may, however, be detected with alternate cover test and monocular abduction attempt. Positive result of the test differentiates between congenital esotropia and blockage nystagmus syndrome. Angle of strabismus is measured with the aid of Hirschberg method and Krimsky test. Usually, this angle is large, about 30 – 70 PD. Visual abnormality in the majority of children is mild. If in the primary position one eye is fixing all the time, amblyopia may develop in the fellow eye. In 75% of cases unilateral or alternate inferior  oblique muscle overaction or dissociated vertical deviation (DVD)are seen.

Differential diagnosis

Congenital esotropia should be differentiated between other syndromes :.

*Nystagmus blockage syndrome

*Infantile accommodative esotropia

*Cyclic esotropia

*Mobius’ syndrome

*Duane’s syndrome

*Congenital fibrosis syndrome (fixed strabismus)

*Congenital myasthenia

*Congenital six nerve palsy

Treatment

Only  an early treatment of the congenital esotropia excellent visual acuity in each eye, single binocular vision in all directions of gaze and normal esthetic appearance may be achieved. 

The first examination includes evaluation of refractive error and prescription of appriopriate

 eye-glasses or contact lenses.

If amblyopia is present, it is initially treated with the full-time occlusion of the sound eye. Frequent follow-up visits are necessary, every few weeks, as the visual acuity may be quite easily evaluated and amblyopia more readily responds in younger child. The sound eye is covered  the day long, and uncovered for two, six or eight hours daily parallel to the achieved improvement. Some researchers are inducing cycloplegia in the better-sighted eye, if it is hyperopic, using atropine for this purpose. When equal visual acuity is achieved in both eyes, the treatment of strabismus is started. Congenital esotropia usually is treated surgically. We may attempt to treat the child with the aid of prism-spectacles, completely correcting the angle of strabismus.  However, therapy is longer and more inconvenient for both parents and child. Large angle of strabismus, which is seen in the congenital esotropia,  between 30 PD to 70 PD, requires the use of Fresnel membrane prisms as smooth glasses would be too heavy. Fresnel membrane prisms are striated glasses and the child not always accepts such a correction. However, if these prisms are used early enough in the first weeks of life, the treatment may be effective and alignment of the eyes or correction of  the angle of strabismus may be achieved in a short time. Small angle of strabismus may later be corrected with other therapies. Another effective therapy is the use of botulinum toxin, originally popularized by Scott. Botulinum toxin is injected intramuscularly into the medial rectus muscle of both eyes. Theoretical advantage of this technique is the achievement of incomitant deviation so that the patient could adapt face turn and obtain fusion. In some cases, multiple injections are required to sustain the effect. The injection is short-lasting, does not disturb the child as the short inhalation anesthesia ( sevofluran). 

In my experience, such a good result is achieved in about 55 – 60% of cases. If this procedure does not bring  improvement, surgery is needed. Parks and von Noorden suggest that the goal of surgery is a delay of surgery until the child is over six months of age. Then, the development of fusion in the child who truly has the onset of esotropia at or shortly after birth. 

Recommended surgery includes recession both medial rectus muscles in the range depending on the size of the angle of strabismus. If the angle after surgery  larger than 10 PD remains, re-operation should be considered on the lateral muscles of one or both eyes or the use of prism-glasses, or botulinum toxin injections. This form of strabismus is sometimes accompanied by the overaction of the inferior oblique muscles . In such cases surgical recession of these muscles is needed to correct vertical deviation which in the low range over 2 to 3 PD breaks the binocular vision. 

Sometimes, DVD may appear in some years after surgery. Main reason for DVD treatment is esthetic. If DVD is monocular or highly asymmetrical, surgical treatment is necessary as the binocular vision is impossible to obtain. This abnormality is treated surgically with superior rectus muscle recession with  Cuppers sutures or inferior rectus muscle resection.

                                     Accommodative esotropia

Accommodative esotropia is a convergent deviation of the eyes dependent on the activation of accommodation reflex. The first cause is high hyperopia, greater than +4,oDsph. The second is an overconvergence associated with accommodation and high AC/A ratio. In many patients both these mechanisms are present and inter-related. Strabismus  develops most frequently between 2 and 5 years of age and may be explained by the higher interest of child in near vision and reading, which provide stronger stimulus for accommodation, especially in case of non-compensated refractive error. Initially, strabismus is intermittent and angle of deviation is variable, usually larger at near. Retinal correspondence is normal as a rule but if the deviation appears at near, suppression or tendency to anomalous retinal correspondence is seen. 

Ocular manifestations and diagnosis

The majority of authors distinguish three main types of accommodative esotropia:

( Refractive accommodative esotropia with normal AC/C ratio. Patients wearing the glasses do not squint at near and distance. Binocular vision is normal or slightly weakened. The squint is seen without glasses.(see Fig 39)

( High AC/A ratio esotropia with anomalous accommodation to convergence. This type of strabismus develops in younger children, frequently in the first year of age.  Children usually have small hyperopia  and its compensation leads to the straight eyes at distance, whereas esotropia remains at near. Amblyopia and binocular vision disturbances are seen more frequently in this type of esotropia.

( Partially accommodative esotropia. Spectacles significantly lower the angle of strabismus in this type of accommodative esotropia. However, marked residual deviation remains. If AC/A ratio is high, the angle of strabismus enlarges at near. If AC/A ratio is normal, the angle of strabismus is the same  at near and at distant. Amblyopia and binocular vision disturbances are frequent in this type of esotropia. Partially accommodative esotropia is the most frequent type of the accommodative esotropia.
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Fig.39. Refractive accomodative esotropia with normal AC/A ratio.

Treatment

Treatment of the accommodative esotropia is started with lowering excessive accommodation by the use of adequate spectacles with full correction of hyperopia. Normal or bifocal contact lenses may also be used. In cases of esotropia with high AC/A ratio bifocal spectacles with stronger correction at near by 2 – 3 Dsph are prescribed. High AC/A ratio may be corrected the use of topical miotic eyedrops (pilocarpine, phenylephrine). These medicine, producing peripheral stimulation of accommodation, lead to the elimination of the central stimulation of the ciliary muscle and consequently to the decrease in convergence. However, these medicines are rarely used because of their marked toxicity and local complications (iris cyst). If amblyopia is present, it is treated with obturation of the normal eye.

Partially accommodative esotropia requires the use of prisms or surgical treatment. Prisms compensating the angle of strabismus are prescribed and should be worn permanently. Moreover, therapy with a high hypercorrecting prismatic glasses for eye exercises (Baranowska-George, Berard) is used. It is called localization method based on the use hypercorrecting prismatic glasses to break pathological and fixed reflexes associated with anomalous retinal correspondence.

With therapy the angle of strabismus is lowered and retinal correspondence normalized. However, the treatment is long and requires high compliance of parents and treated child. Use of botulinum toxin injections to correct residue angle of strabismus is highly recommended and frequently lead to complete recovery. Surgery is reserved to cases  in which the above described therapies  do not enough. The range of surgery is often difficult to evaluate, especially in  variable angle of strabismus. Only non-accommodative component of deviation is operated. Depending on the angle of strabismus, single medial rectus muscle recession is performed and, only sporadically bimedial rectus recession to enable the patient to stop wearing bifocal spectacles. Further visual rehabilitation in the form of orthoptic exercises is required, aimed at augmenting fusion with the wide amplitude, and decelerating and separating accommodation from convergence so that binocular vision is fixed and eyes are aligned.

                                                  Cyclic esotropia

Cyclic estropia is very rare pathology. Its incidence has been estimated as 1 : 500 cases of strabismus. It may develop in any age but is the most frequent between 2 and 7 years of age. Cyclic esotropia is characterized by the alternate esotropia and eyes alignment in cycles every 24 to 48 hours. In orthoposition binocular vision and stereoscopy are normal, but they are disturbed during the cycle of deviation. Cyclic esotropia is usually   progressive  and esodeviation becomes permanent in the majority of cases after several months. Surgical therapy is effective in 75% to 90% of cases, and alignment is attained with a single operation. Very rare cases associated with central nervous system disease have been reported.

                                                  EXOTROPIA

Divergent strabismus (exotropia) is the disease in which outward deviation of the visual axes is seen. An onset of exotropia usually is late. Therefore, normal retinal correspondence and normal binocular vision with stereoscopy are present. There are three basic types of exotropia:

( Congenital exotropia.

( Intermittent exotropia.

( Constant exotropia.

                                                Congenital exotropia

This type is a rare condition. Most frequently it develops in children with congenital neurological abnormalities (cerebral palsy, craniofacial abnormalities, ocular albinism). Congenital exotropia is characterized by the large and constant angle of strabismus. In rare cases it is associated with larger refraction error. It frequently co-exists with V syndrome and DVD.(see Fig.40)
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Fig.40.Congenital exotropia -6 month of age child..

                                           Intermittent exotropia

This type of exotropia is the most common type of exodeviation and it is often a progressive disease. Initially, marked exophoria is present and controlled by the fusion reflex. Fusion is often weak enough and  disease or strong emotional or physical shocks may decompensated it, leading to divergent deviation. The long period of  intermittent exotropia frequently leads to the constant exotropia.

Ocular manifestations and treatment

Intermittent exotropia may be classified into three types:

1. Basic intermittent exotropia, when distant and near deviations are nearly equal.

2. True divergence excess, which is characterized with distance deviation whereas at near fixation there is orthophoria with normal binocular vision. In the moment of eye deviation, with large angle of strabismus the most frequent is suppression or more rarely diplopia at small angle of strabismus.

3. Convergence insufficiency, concomitant divergent strabismus, when at distance fixation the eyes are aligned while at near fixation deviation with diplopia and  fusion break. It often develops in teenagers, producing astheopic symptoms. In healthy men, near fusion point is about 5 – 8 cm whereas in exotropia it is even 10 – 30 cm. Range of fusion convergence is below 20 PD, and the norm is 30 – 35 PD. In many patients, there is no decreased convergence at the beginning of examination but on repeated testing they are easily fatigued.

Treatment

Effective treatment of the intermittent exotropia is confined to refractive correction and amblyopia therapy with obturation of the normal eye and pleoptic training . When equal visual acuity is achieved, deviation is treated with convergence exercises and orthoptic training, which aim to fix the fusion and to train convergence without excessive accommodation. Effective is also therapy with the use of prisms base-in, which neutralize the deviation, and exercises in hypercorrective prisms. Injections of the botulinum toxin are also beneficial, especially in case of variable angle of deviation. However, the prognosis is much poorer than in esotropia and dependent mainly on the child’s age and duration of exotropia. Nonsurgical treatment is particularly beneficial in the convergence insufficiency. If the exercises alone do not restore the squint, surgical treatment is needed. In both intermittent and constant exotropia bilateral medial rectus muscles resection is performed, sometimes combined with unilateral or bilateral muscle recession of the lateral rectus , when the angle of strabismus is large, over 70 PD. In the true divergence excess the most frequently bilateral lateral rectus muscle recession or resection-recession of the muscles of one not fixing eye is performed. 

                              OBLIQUE MUSCLE DYSFUNCTION

Unilateral or bilateral oblique muscle dysfunction comprises abnormal movements from the primary straight position to the tertiary position. Most frequently inferior oblique overactions primary or secondary to the superior oblique underaction are encountered. Inferior oblique underaction may also be combined with the superior oblique overaction. These abnormalities often co-exist with dissociated vertical divergence (DVD) or A-pattern or V-pattern syndromes.

About 50% of the horizontal strabismus cases are accompanied by the oblique dysfunction. Diagnosis of the oblique deviations are based on the detailed analysis of the eye movements, especially in the tertiary positions, Maddox rod test, examination with the Hess screening test, Bielschowsky test and forced duction test. 

Inferior oblique overaction is the most frequent type of oblique deviations (see Fig. 41). 
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Fig.41.3-years old child with the right inferior oblique overaction.

 It develops in case of even mild paresis  superior oblique  muscle or its  underaction in the same eye. It is characterized by hyperdeviation in upgaze combined with excyclorotation and limitation of the downgaze in adduction. In unilateral disorders ocular torticollis is usually present to avoid diplopia. For example, if it is related to the right eye, head is tilted toward left shoulder, face is turned to the left, and chin is up. Bielschowsky head tilt test differentiates between the primary superior oblique muscle paresis and superior rectus muscle of the fellow eye paresis. Differentiation is of importance for the choice of surgical procedure.(see Fig.42)
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Fig.42.Bielschowsky test  is positive in patient with right superior oblique muscle paresis.

Range and type of surgery depends on the size of deviation. The most frequent is weakening of the inferior oblique muscle, like a recession combined with anteriorisation or myectomy.

Inferior oblique underaction is characterized by the limitation of elevation in adduction and incyclorotation. It develops spontaneously or ( more often ( with ipsilateral superior oblique overaction or contralateral inferior rectus palsy. To differentiate between oblique deviation and Brown’s syndrome, forced duction test is performed. Brown’s syndrome is diagnosed if restriction of eye elevation in adduction or blockade of the superior oblique muscle in adduction is found.

The most effective is a surgery with the use of silicone tendon expander ,recommended by Wright, allowing a controlled weakening of this muscle. Other clinicians recommend superior oblique tenotomy or superior oblique recession.     

                           ALPHABET PATTERN STRABISMUS

Alphabet pattern strabismus is a horizontal deviation of the eyes: differing in upgaze from that in downgaze. There are two deviation patterns: A-pattern and V-pattern. Both may co-exist with orthotropia, esotropia or exotropia. Oblique muscles dysfunction is also frequent. They may be accompanied by deviations DVD. In the horizontal strabismus these deviations may be seen in 25% of cases.

V-pattern esotropia is characterized by more esodeviation in downgaze and often presents with a chin-down posture. Also high AC/A ratio  and inferior oblique overaction  is present. 
V-pattern exotropia is much more exodeviation in upgaze and often presents with chin-up head posture.. This form of alphabet pattern is more frequent and may be accompanied by the inferior oblique overactions. V-pattern syndrome is diagnosed, when difference from upgaze to downgaze is over 15 PD. (see Fig.43) Binocular vision disorders are counteracted by the compensating head tilt.
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Fig.43.V-pattern and A-pattern syndromes. Nine position of gaze is presented on each dysfunction.. 
Treatment

In V-pattern esotropia and V-pattern exotropia the lateral recti may be translated upward and the medial recti downward to a variable degree, if the function of oblique muscles is normal. Otherwise, inferior oblique overaction is reduced with the aid of weakening procedures.

A-pattern esotropia is esodeviation  in which difference from the upgaze to downgaze is greater than 10 PD . It is characterized by the enlargement of the angle in upgaze with chin-up posture. In some patients overaction of the superior oblique muscle is present. 

A-pattern exotropia is characterized by lees exodeviation in upgaze and chin-down posture to maintain binocular vision. Difference from upgaze to downgaze is greater than 10 PD. 

Treatment
If the surgical treatment is indicated in A-pattern esotropia or A-pattern exotropia, superior oblique recession procedures and silicon tendon expander techniques have been available. If there is no superior oblique overaction, horizontal surgery along with lateral rectus translated downward , and translation of the medial rectus  upward to a variable degree..            

                                VERTICAL STRABISMUS FORMS

Hypertropia or hypotropia very rarely is a concomitant strabismus. Most frequently vertical deviations are secondary to dysfunction of other extraocular muscles, following muscular paresis or secondary to the surgical treatment of strabismus. Vertical deviations may present alone or concomitantly with the horizontal deviations. Dissociated vertical divergence (DVD) is a condition of dissociated strabismus complex involving movements in vertical, horizontal, and torsional planes. However, when the angle of strabismus develops in young children, is small and have prolonged duration, it may progress to the concomitant strabismus. In such cases it is characterized by all features of the concomitant strabismus and is subject to its laws (Hering, Scherington).

Incomitant vertical deviations are much more common than concomitant vertical deviations. Therefore, very important is the accurate differential diagnosis of both entities, first of all with the tests such as nine diagnostic gaze positions, duction and version testing .

