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Abstract:

Persons with disturbed visual functions caused by optic nerve atrophy need early and systemic rehabilitation. We performed dynamic control of visual analizator functions before and after transcutaneal electrostimulation. For this reason we employed an electrostimulator ESO-2 to activate the visual system by transcutaneous stimulation in different regimes. Optic analizator was excited and excitation was controlled according the parameters of elementary visual sensations - the phosphens.  The thresholds of phosphens were selected individually. The amplitude of current was 150-300 mkA. Transcutaneal electrostimulation was performed in 68 persons with optic nerve atrophy after some type of neurological and neurosurgical pathology. Visual analizator functions as visual acuity, peripheric visual field and contrast sensitivity were studied before and after transcutaneal electrostimulation. The improvement of visual acuity was achieved in 57 percent of cases.  Perimetry went better in 62 percent of cases. Conclusions. The results suggest that transcutaneal electrostimulation is one of the methods to improve visual functions in patients with optic nerve atrophy. This method is physiological for the optic system, safe and can be used for patients rehabilitation.

Introduction

There are many affections characterized by optic nerve atrophy and may occur in various kinds disorders of visual system. At the site of damage the axones of peripheral visual neurone are destroyed. There is some type of destruction of nerve fibers and optic nerve atrophy develops.

Optic nerve atrophy is one of valid reasons of disturbed visual functions. Thus there may be ''descending'' atrophy in which atrophy processes toward the retina or ''ascending'' atrophy in which the nerve fibers atrophy toward the cerebrum.

Rehabilitation and treatment of optic nerve atrophy and disfunctions of peripheral visual field is one of the main effect of visual function's partial restoring. Together with ordinary methods of medicamental treatment we tried to use the method of transcutaneal electrostimulation for rehabilitation of visual functions.

We addressed the problem of visual analyser stimulation, after we had stated that there had been an improvement of vision capabilities after transcutaneal electrostimulation of the eyeball if the patients had been suffering from visual disorders and had had an atrophy of the optic nerve.

Transcutaneal electric stimulation had a rather important place in the cure of this defect when other existing methods like drug therapy, physiotheraphy didn't help.  Shandurina A.N., Linnik L.F., Kompaneec E.B. et al. [1, 2, 3, 4] stated that optic nerve atrophia should be treated by the method of transcutaneal electrostimulation (TES)

The aim of this study was the clinical and neurophysiological analysis of visual function dynamics before and after TES.

Not always but rather often improvement of visual functions was found between the data of visual acuity before and after TES.

All the patients had to undergo visual acuity measurement and determination of the contrast sensitivity (CS) perception functions. Measurement of visual acuity and assessment of the CS function was repeated immediately after finishing the treatment of TES.

Methods

Electrostimulator ESO - 2 was used for transcutaneal electrostimulation of the visual analyser. This method was worked out by the Research Institute of Neurocybernetics of Rostov State University (1985 ) and has been proposed by Kompaneec E.B. [3].

The method and electrostimulator ESO 2 were aprobated in Rostov Medical Institution and Moscow Medical Institute of Eye Diseases during the treatment of several hundred patients ranging in age from 6 to 70 years. The improvement of vision was achieved in 85 percent of those cases.

The method of TES of the peripheral part of visual analyser is physiological for the optic system, safe and may be used for out - patient treatment [5].

The method consists of the activation of the peripheral part of the visual analyser by its transcutaneal electrostimulation in a specific manner with the help of an electrostimulator ESO - 2 designed for this purpose.

The electrostimulator is the device for transcutaneal electrostimulation of the peripheral part of the visual analyser in different regimes. During the electric stimulation the optic nerve is excited, the excitation beeing controled by the parameters of elementary visual sensations - the phosphens. The device permits us to determine thresholds of phosphen initiation for each patient individually.

The active electrode of device is placed at first on the outer sides of the right and left closed eyelid and then on the inner sides of both eyelids.

Indifferent electrode is placed on the right hand of the patient. In this way the electric field appears between two opposite charges and the transmission of ions takes place. Thus, the negative charges gather in the area of the positive ions and the positive charges - in the area of negative ones.

Those concentrations of ions, which occur by means of interaction, are proportional to the power of the current in the circuit of the current source. A negative charge is formed, which, for its own benefit causes a current of active positive ions.

The presence of the negative charge in the area of interaction brings about the decrease of superficial tension within the walls of the blood vessels and then the radius of blood vessels increases and correspondingly increases the provision of blood supply in the area of the existence of the inner electric field [5].

Procedure

Visual acuity and contrast sensitivity function were examined before and after TES of visual analyser.

Testing was performed in three phases:

1. Measuring of visual acuity and testing of contrast sensitivity were undertaken 
before TES. Contrast sensitivity testing was undertaken at six spatial frequencies from 0.4 to 19 cycles per degree with an electronic video device at central fixation in photopic illumination.

2. An electrostimulator ESO-2 was used to activate the visual system by 
transcutaneal electrostimulation in different conditions.  During the procedure optic analyser was excited and excitation was controlled according the parameters of elementary visual sensations - phosphens. The thresholds of phosphens were selected individually.  The amplitude of current was 150 - 300A. An active electrode was placed in the following order: at first, on the outer 
sides of the right and left closed eyelid, and then on the inner ones. Indifferent electrode was placed on the right hand of the patient.

3. The measuring of visual acuity and testing of contrast sensitivity were repeated after 10 - 15 treating courses of TES.

Results

Transcutaneal electrostimulation was performed in 49 persons / 68 eyes with optic nerve atrophy after some type of neurological and neurosurgical pathology. The patients age ranged from 45 to70 years old.

We classified stimulated persons according to the optic nerve atrophias in following way:

Table 1: TES in persons with optic nerve atrophy

Group
OPTIC NERVE ATROPHY
Number of eyes

1
Optic nerve atrophy, secondary to retinal disease -degenerative or postinflammatory .
2

2
Circulatory atrophy:



· Occlusion of central retinal artery ;
1


· Posthemorrhagic ; 
1


· Ischemic  opticoneuropathy. 
3

3
Optic nerve atrophy secondary to papilledema
2

4
Pressure optic nerve atrophias:



· Sclerosed internal carotid artery pressing upon the nerve 
2


· Aneurysms of internal carotid 
2


· Tumors in the orbit, or in the cranium, particularly those of the pituitary, frontal and temporosphenoidal lobes or basal meningiomas 
25


· Inflamatory adhesions as in a basal arachnoiditis 
1


· Neurofibromatous degenerated nerve - Recklinghausens disease 
1


· Endocrinic opticoneuropathia 
8


· Carotid - cavernous fistula 
3

Table 1: TES in persons with optic nerve atrophy (continued)

Group
OPTIC NERVE ATROPHY
Number of eyes

5
Optic nerve atrophy as a part of a central nervous disease, such as disseminated sclerosis, neuromyelitis optica, encephalomyelitis, dementia paralytica, etc. 
8

6
Toxic atrophy



· Endogenous toxins, as in diabetes, malignanat tumors
1


· Exogenous poisoning as in methyl alcohol, other poisons etc.
1

7
Traumatic atrophy



· By mechanical injury or secondary to a fracture of the scull in the region of the optic canal 
2
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Figure 1: Visual acuity changes in persons with optic nerve atrophy before and after TES

First group of patients with optic nerve atrophy due to retinal disease-degenerative or postinflamatory showed not so good results in stimulation (figure 1).  The results of the second group with discirculatory optic nerve atrophy showed bad results, there were no changes before and after TES (figure 1).

Optic nerve atrophy secondary to papilledema stayed withauot especially changes. Best of all TES results were in the pressure optic nerve atrophias, optic nerve atrophia as a neuromyelitis, disseminated sclerosis and other central nervous diseases (figure 1).

The best of all results showed traumatic optic nerve atrophy transcutaneal electrostimulation (figure 1). Also TES was used for persons with damage of central visual neurone and hemianopic defects of visual field.

Table 2: TES in persons with central visual neurone damage

Group
8
CENTRAL VISUAL NEURONE DAMAGE 
Number of eyes

1
Embolisation or blood flow disorders in a.cerebri posterior or a.cerebri media 
3

2
Cortical blindness
1

3
Double homonymous hemianopsia ( a.basilaris thrombosis)
1
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Figure 2: TES results in persons with damages of central visual neurone

Rehabilitation and TES in damages of central visual neurone showed the best results in patients with embolisation or blood flow disorders in a.cerebri posterior or a.cerebri media when there were homonymous hemianopic visual field defects and partial reduction of visual acuity (figure 2).

As usual we repeated the courses of TES 2 times a year. In order to verify the effectiveness of TES, in addition to visual acuity we performed contrast sensitivity testing.
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Figure 3: Contrast sensitivity changes before and after TES

After stimulation contrast sensitivity (CS) function increased in low and middle frequencies. CS function of high frequencies remained in low level.(figure 3). The results suggest that CS function measurement after TES is useful for detection of criteria of usefulness the TES method in persons with various kinds of optic nerve atrophy.

Conclusions

As it has been mentioned in this study, we used the method proposed by Kompaneec E.B. in Rostow Institute of Neurocybernetics. The author stated that device of TES was good in the treatment of optic nerve atrophy, retinal dystrophias etc.

We have used this method for improving the visual functions and contrast sensitivity.  The obtained data enabled us to conclude that:

1. TES is one of the methods to improve the visual functions.

2. Repeated courses of TES are effective.

3. The usage of the TES has allowed us to improve and recover vision in cases when the traditional drug therapy methods and physiotherapy were ineffective.

4. The results of CS testing validated the findings that all frequencies of CS were at low level in low vision persons.
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