SHORTER LATENCIES OF COMPONENTS OF MIDDLE LATENCY AUDITORY EVOKED POTENTIALS IN CONGENITALLY  BLIND COMPARED TO NORMAL SIGHTED SUBJECTS
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A previous study which reported shorter latencies of the Nb component of AEP-MLRS in congenitally blind compared to normal sighted subjects, formed the basis for the present study. The blind subjects had received a rehabilitation program from the age of 4 years onwards, which may have influenced auditory function. Hence the present study was designed to compare the AEP MLRs of normal sighted subjects with age-matched blind subjects who had not undergone early rehabilitation. Auditory evoked potentials (0 to 100 ms. range) were recorded in 10 congenitally blind subjects (average age = 22.4 + 4.9 yrs.) and an equal number of age matched subjects with normal vision. There were two repetitions per subject. The peak latencies of both the Pa (maximum positive peak between Na and 35 ms.) and Nb (maximum negative peak between 38 and 52 ms.) waves was significantly shorter in congenitally blind compared to normal sighted subjects. Since the Pa and Nb waves are believed to be generated by the superior temporal cortex (Heschl's gyrus), it appears that processing at this neural level occurs more efficiently in the blind. Also, in spite of the absence of an early rehabilitation program the present subjects showed the same auditory changes as those reported earlier.
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Impaired vision during early development has been shown to give rise to compensatory changes in the auditory system. Auditory perceptual sensitivity was modified in the congenitally blind, enabling them to use echoes to perceive spatial positions of objects (Strelow and Brabyn, 1982). Development of such abilities may be related to changes in auditory processing. For example, the long latency event related potential waves (NI, P2, and P3) were found to have shorter latencies and higher amplitudes in early blind humans compared to those with normal vision (Niemeyer and Starlinger, 1981). The Nb component of AEP-MLR (average peak latency 44.3ms) had a significantly shorter latency in congenitally blind persons (Naveen, Srinivas, Nirmala, Nagendra and Telles, 1997). This suggested that auditory information processing at the level of the posteromedial part of the primary auditory cortex, the known generator of the Nb wave (Liegeois-Chauvel, Musolino, Badier, Marquis and Chauvel, 1994) was more efficient in the blind. 

Based on investigations of somatosensory information in the blind it was thought that adaptive changes may be enhanced by experience, such as Braille reading (Sadato, Pascual-Leone, Grafman, Ibanez, Deiber, Dold and Hallett, 1996). In the study on AEP-MLRs cited above (Naveen et al., 1997), the subjects were all participating in a systematic education and rehabilitation program from the age of four years till the time of the study, when the group average age was 14.3 + 1.4 years. The program included learning based on Braille reading and auditory inputs. This gave rise to the speculation that the rehabilitation program may have contributed to the adaptations seen in auditory functioning. 
Hence the present study was designed to determine the changes in auditory function (measured through middle latency auditory evoked responses, AEP-MLRS) in congenitally blind subjects who had minimal, or no formal rehabilitation.
METHOD 

Subjects 

Two groups were studied with 10 subjects in each group, i.e., congenitally blind and normal vision. The congenitally blind subjects (group average age ± SD, 22.4 ± 4.9 years) had a diagnosed peripheral visual deficit from birth and no other abnormality. Blindness was confirmed by the absence of visual evoked responses. The normal vision group was matched for age (exact matching) and sex. They all had normal visual evoked responses elicited by light flashes. The congenitally blind group received no formal rehabilitation (i.e., standard education using Braille or auditory cues) till the age of sixteen years, when they started to receive vocational training (e.g., weaving). 

Design of the Study 
Subjects were assessed in a single sitting with two consecutive assessments (RI, R2) of the AEP-MLR, to estimate the reproducibility of the recordings. This was followed by a recording of Visual Evoked Potentials. 

Recording of Evoked Potentials 
Auditory middle latency evoked potentials were recorded in the 100ms. poststimulus time period, from the vertex referenced to the right earlobe, with the ground electrode on the forehead. The preamplifier band width (Nihon Kohden, Neuropack 8, Japan) was set at 10 to 1500 Hz. Altogether 1500 responses were averaged for each assessment. The rejection level was expressed as a percentage of the full scale range of the analog-to-digital convertor. This level was set at 85%. The number of sweeps was displayed on the monitor. Click stimuli of 40 msec. duration and alternating polarity at the rate of 5 Hz, were delivered binaurally through acoustically shielded earphones (Elga DR-531, Japan). The intensity was kept at 85 dB for all assessments. The threshold of hearing was noted.

Visual evoked potentials were recorded in the 200 msec. time period from Oz, referenced to the right earlobe, with the ground electrode on the forehead. The preamplifier band width was set at 1 to 100Hz and 100 responses were averaged for each period. The method for artifact rejection was the same as for AEP-MLR, as described above. Light flashes were given binocularly, using a LED visual stimulator (Nihon Kohden SLS 3500). 

AEP-MLRs Components 
Peak amplitudes of short latency wave V, and middle latency Na, Pa and Nb waves were measured from the baseline existing at the beginning of the sweep. Peak latency was measured from the time of click delivery. Also the peak amplitudes of AEP-MLR cortical components (i.e., Pa and Nb) recorded from the conventional site (i.e., vertex) were compared with recordings made from the occiput. 

The auditory evoked response components were described as follows: wave V was the maximum positive peak between 5 and 8 ms, the Na wave was the maximum negative peak between 10 and 18ms, the maximum positive peak between Na and 35 ms was described as the Pa wave, and the maximum negative peak between 38 and 52ms was described as the Nb wave. These descriptions are similar to other descriptions of AEP components (Erwin and Buchwald, 1986; McPherson, Tures and Starr, 1989; Naveen et al., 1997). 

Data Analysis 
Comparison of peak latencies between congenitally blind subjects and those with normal vision. The data were analysed using two factor analyses of variance (ANOVA), with Factor A = groups, i.e., congenitally blind versus normal vision and Factor B = repeat recordings (R1, R2). The Tukey multiple comparison test was used to detect significant differences between group mean values. 

Similar analyses (as mentioned above) were done for the peak amplitudes. The peak amplitudes of the cortically generated Pa and Nb components recorded from Cz and Oz, were compared using two factor analyses of variance. Factor A = groups (congenitally blind, normal sighted) and Factor (B) = sites of recording (Cz, Oz). For these analyses the data of RI and R2 were pooled.

RESULTS 

Comparison of peak latencies of congenitally blind and normal sighted subjects showed significant differences between (i) Pa wave (the maximum positive peak between Na and 35ms) and (ii) Nb wave (the maximum negative peak between 38 and 52ms) peak latencies. The latencies of both components were shorter in the congenitally blind compared to subjects with normal vision. However, with the Tukey test for multiple comparisons between mean values the peak latencies of Pa and Nb waves were not significantly different between congenitally blind and normal sighted subjects [p >.10, for both comparisons]. With the ANOVA, for Pa wave peak latency [F for Factor A (two groups) = 5.64, since F0.05 (2) 1, 36 = 5.47, hence p < 0.05] and for Nb wave, [F for Factor A (two groups) = 4.70, since F.0.05 (1) 1, 36 = 4.1 1, hence p < 0.05]. The peak latencies of wave V and Na wave did not show a significant difference between groups or repeat recordings and also interaction between factors, i.e., A x B (p > 0.50). The F value for df = 1.36 has been derived by linear interpolation from the df = 1,30 and df = 1,40 from the standard table as described (Zar, 1984). 
Out of the 10 pairs of subjects studied: (1) in 5 blind subjects both Pa and Nb waves had shorter latencies than those of the matched, sighted subjects, (2) in another 3 blind subjects the Pa wave had a longer latency while Nb wave was shorter than the matched normal sighted, there were also (3) 2 blind subjects who had a shorter Pa wave latency and longer Nb wave latency when compared to the corresponding normal sighted subjects. Examples of 1, 2 and 3 are shown in Figure 1. 
There were no significant differences between the peak amplitudes of the AEP-MLR components of congenitally blind and normal sighted groups recorded at Cz (Two factor ANOVA,
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FIGURE 1: Three examples of AEP-MLRs recorded in congenitally blind (CB) and subjects with normal vision (NV), with two recordings each. The first example (1) shows shorter latencies of Pa and Nb is CB compared to NV for both recordings. In the second example (2), Pa latency is shorter (first recording) or the same (second recording) in CB compared to NV, while Nb latency is longer. The third example shows longer Pa latency and shorter Nb latency in CB compared to NV, for both recordings.

Factor A = groups, p > 0.50 for all comparisons, Factor B = repeat recordings, p > 0.50, and interaction between factors (A x B), p > 0.50. 
The peak amplitudes of congenitally blind and normal sighted subjects showed significant differences in the Pa and Nb wave amplitudes recorded at Cz and Oz. For Pa [F for Factor B = sites of recording (Cz, Oz) = 27.2, since FO.00 1 (2) 1, 76 = 13.24, hence p < 0.00 1 ], and for Nb wave peak amplitude [F for Factor B = 10.6 since FO.002 (2) 1, 76 = 9.8, hence p < 0.002]. The Tukey test for multiple comparisons between the peak amplitudes showed a significant difference between the mean value at Cz and at Oz, but not between the groups. The Pa peak amplitude recorded at Cz was significantly higher than that recorded at Oz for both congenitally blind [q = 4.40, since q at probability level 0.025, for df = 76, 4 = 4.14, hence p < 0.025] and normal sighted subjects [q = 6.04, since q at probability level 0.001, for df = 76, 4 = 5.60, hence p < 0.001]. With the Tukey multiple comparison test the amplitudes of the Nb wave recorded at Oz and Cz were not significantly different for both congenitally blind and normal sighted subjects (p > 0.50). 

The group average values of peak amplitudes and latencies of the four components studied, for the congenitally blind and normal sighted subjects are given in Table 1.
DISCUSSION 

In the present study, congenitally blind subjects had significantly shorter peak latencies of two middle latency auditory evoked potential components viz., Pa wave (the maximum positive peak between Na and 35 ms) and Nb wave (the maximum negative peak between 38 and 52 ms was described as the Nb wave) compared to age matched subjects with normal vision. In blind subjects there was no difference between the amplitudes of the cortically generated components (i.e., Pa and Nb) recorded over the vertex (Cz) compared to those recorded from the occipital region (Oz). 
Intracerebral recording in man has shown that the neural generator of the Nb wave is relatively localized in the dorsoposterior medial part of the Heschl's gyrs, i.e.. the primary auditory cortex (Liegeois-Chauvel, Musolino, Badier, Marquis and Chauvel, 1994). The pa wave is related to simultaneous activation of both supratemporal auditory cortices (Deiber, Ibanez, Fischer, Perrin and Maugiere, 1988) and changes in Pa wave latency have been regarded as due to modifications in the auditory pathways between the midbrain and cortex (Morlet, Bertrand, Salord, Boulieu, Pernier and Fischer, 1997). Hence in the present study subjects who had no formal rehabilitation with no special programs based on auditory inputs showed similar differences compared to normal
Table 1 Peak latencies and peak amplitudes of AEP-MLRs in congenitally blind (CB) and normal vision (NV) groups, n = 10 each. 
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sighted subjects, as blind subjects who had undergone a formal rehabilitation program (Naveen et al., 1997). In addition there was a shorter latency of the Pa wave, a possible reason is discussed below. The absence of change in the wave V and Na wave suggests that brainstem and diencephalic areas, which are known generators of these waves (Deiber et al., 1988), appear unchanged. 

A previous report comparing AEP-MLR components of congenitally blind and normal sighted subjects, showed that blind subjects had a significantly shorter Nb wave peak latency, similar to the results reported in the present study, though in the earlier study there was no significant difference between the peak latencies of the Pa component, between the two groups. Normal sighted subjects of the two groups had exactly the same peak latencies of wave V and Na waves. The Pa wave peak latency of normal sighted subjects of the present study was 1.2ms longer than that of the normal sighted subjects, studied earlier. In contrast, the Nb wave peak latency of normal sighted subjects of the present study was 2.0 ms shorter than that of the normal sighted subjects, studied earlier. These differences were not significant (t-test for unpaired data). It is possible that the longer peak latency of the normal sighted subjects of the present study compared to the normal sighted subjects studied earlier may have contributed to the present result, viz., the significantly shorter Pa peak latency in the blind subjects. There was another difference between the subjects of the earlier study (Naveen et al., 1997) and those of the present study, viz., they belonged to different age groups: for the earlier study, group average age was 14.3 years with a range of 13 to 16 years, whereas subjects of the present study had a group average age of 22.4 years with a range of 18 to 30 years. AEP MLRs were found to he significantly different between subjects of 20-40 years age range and those with an age range of 60-80 years (Woods and Clayworth, 1986). There are no reports available comparing AEP MLRs for the much smaller age difference between the present and earlier studies. However since the differences in peak latency were not significant, any explanation based on the differences may be misleading. 

A previous study (Alho, Kujala, Paavilainen, Summala and Naatanen, 1993), had described a larger processing negativity to attended tones at occipital scalp sites in congenitally blind subjects compared to those with normal vision. In the present study smaller amplitudes of Pa and Nb waves of AEP-MLRs were recorded over Oz compared to Cz, in the congenitally blind and normal sighted subjects. Hence there was no evidence of the occipital cortices contributing to cortically generated AEP-MLRs in the blind. 
The results hence suggest that irrespective of early rehabilitation programs, there is facilitation of processing of auditory information at the level of the primary auditory cortex. However, the occipital area does not play a role in auditory information processing at primary cortical areas, in the congenitally blind.
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