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A method for quantitating esophagus sensibility by an electric stimulation test is
described. Square stimulus waveform at different voltages and durations were trans
mitted to the esophagus, three series of electric stimuli being used in successive
durations (0.5, 1, 2, 4, 8 and 16 ms); in each series the voltage discharge was in
creased progressively from 0 mV, until the subject noted the first sensation. This
procedure was carried out at all esophageal levels. The following parameters were
analyzed: a) sensitive threshold along the esophagus; b) the relation of threshold
sensibility (mV) duration of stimulus (ms), and c) reobase and cronaxia for each
esophageal level. At all esophageal levels, the sensitive threshold was regular and
coherent; in the middle esophagus a zone was found having higher sensitive threshold
than the proximal and distal esophageal zones. The relationship between sensitive
threshold and inverse of the stimulus duration indicated that esophageal sensibility
follows the basic law of excitation of WEISS, at least with this type of stimulus,
reobase and cronaxia being representative of the sensibility threshold along the
esophagus. Quantitative esophageal sensibility, therefore is concluded to be particulary
suited to evaluation by electric stimulation.
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The esophagus has an important sen
sory capacity, as demonstrated by a
series of clinical and experimental data,
esophageal disorders being accompanied
by unmistakable symptoms such as py-
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rosis, disphagia and restrosternal pain;
these symptoms can also be induced by
experimental manoeuvres. Pyrosis is suf
fered by patients with reflux esophagitis,
during acid perfusion (5) and also when
certain foods come into direct contact
with the inflamed esophageal mucosa
(27). Retrosternal pain, found in esopha
geal motor disorders, can be reproduced
by the administration of cholinergic drugs
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(20, 21), as well as by sudden esophageal
distension with an intraesophageal bal
loon, thereby provoking retrosternal pain
in subjects not affected by esophageal
disorders (17, 25). It is, therefore, evi
dent that there are structures sensitive to
various stimuli, having symptomatic re
sponses similar to those of esophageal
disorders.

On tlie other hand, histologic studies
undertaken using animal or human esoph
agus have shown the largo number of
nerve endings possibly having a sensitive
function (3, 8, 15, 29-31), as demonstrat
ed by experimental models and electro
physiological studies (2, 10, 14, 19).
These investigations indicate the function
al existence of mechanical, chemical and
thermic sensitive receptors.

Clinical and experimental data thus
confirm an evident esophageal sensory
capacity, that in man is very difficult to
analyze due to lack of a proper metho
dology. This study presents an orgmal
method carried out by our laboratory (6,
18, 22), consisting of electrical stimula
tion of the esophagus by rectangular
stimulus waveform at different voltages
and durations of time with the registering
of the receptive sensitive thresholds.

Material and Methods

Healthy volunteers, 11 men and 3 wom
en, either medical students or hospital
personnel, having a mean age of 23 ± 6
years (range 18-39), participated in this
study. None presented esophageal symp
toms or systemic disease and radiological
study of the esophagus was normal in
all; esophageal manometry (4) and acid
perfusion test (5) demonstrated no ab
normality.

An Electrical Intraesophageal Stimu
lation Test (E.I.S.T.) was carried out in
all subjects, the following equipment
being used (fig. 1): Multifunction solid
state square wave stimulator model 588

(Gras Medical Instruments). An isolation
stimuli unit SIU 5. An electrode-sound
Plastimed 8F of 10 electrodes (5 pairs)
in circles of 2 mm in height, with separa
tions of 18 mm between each. A simple
circuit having a light and a conventional
switch connected to the system.

Procedure. After overnight fasting,
the electrode-sound was fitted in subjects’
mouths to the upper limit of the lower
esophageal sphincter (L.E.S.) (distance
previously known by manometric study).

The ends of the sound were connected
to the isolating unit and this to the stim
ulator.
• Three series of electrical stimuli were
used in successive durations of 0.5, 1, 2,
4, 8 and 16 ms; in each series, the volt
age discharged progressively increased
from 0 mV until the subject noted the
first sensation, at which moment he would
press the cut-out switch, as previously
instructed. The voltage applied in the
stimulus was then recorded on the cor
responding data sheet.

The esophagus was divided into 12
conventional levels (0-A / A-B / B-C I
and so on, till L-M), the distance be
tween pairs of electrodes always being
18 mm and level 0 corresponding to the
upper limit of L.E.S. Exploration of the
esophagus was divided into three arbitrary
sections: Distal third, placing the elec
trode-sound as cited above and working
successively with the pairs l(+)/3(—);
3(+)/5(-); 5(+)/7(—-); 7(+)/9(-).
The response obtained for the first pair
was referred to as level 0 and succes
sively for the like until the fourth pair
(level C). Medial third, corresponding to
levels D, E, F and G, obtained by with
drawing the electrode-sound at 7.2 cm
(18 mmX4), Proximal third, correspond
ing to levels H, K, L and M, after with
drawing the sound another 7.2 cm and
proceeding with the same method.

At all 12 levels indicated, electric stim
uli were applied using the above-men
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tioned procedure; definitive, numeric data
were then obtained, corresponding to the
minimum voltage necessary for perception
by subject at all levels and duration.
The following parameters were then ana
lyzed: a) sensitive threshold along the
esophagus; b) relations of threshold sen
sibility (mV) — duration of the stimulus
(ms); c) reobase and cronaxia for each
level. All data were expressed as mean ±
±SEM.

Results

Sensitive thresholds. As shown in ta
ble I, the sensitive threshold at each level
was regular and coherent, the voltage
necessary for perception to be obtained
decreasing as duration of the stimulus
increased. The higher the esophageal
level, the lesser the duration of stimulus
which, in turn, meant that the dispersion
of values was greater.

In the middle esophagus, a zone cor
responding to levels D, E, F, G and H
had a higher sensitive threshold than that
found in the proximal and distal eso
phageal zones.

Fig. 1. Schematic representation of instrumen
tal used in the electrical intraesophageal stim

ulation test (E.I.S.T.).

Relations between sensitive threshold
(mv) and duration of stimulus (ms). As
shown in table II, the sensitive thresholds
at each level are correlated to the in
verse of the electric stimulus durations
(p < 0.05).

The relationship between sensitive
threshold and the inverse of the stimulus
duration indicated that, at least for this
type of stimulus, the esophageal sensibil
ity followed the basic law of excitation
of Weiss (33).

Table I. Sensitivity threshold (mV) in each duration (ms) and level.

Level ' 0.5
Duration

2 4 8 16

M
L
K
H
G
F
E
D
C
B
A
0

36.5 ± 1.0
40.4 ± 1.4
41.2 ± 1.9
45.0 ± 2.1
55.1 ± 2.4
57.9 ± 2.1
57.9 ± 2.5
55.3 ± 3.2
50.5 ± 2.5
51.0 2.8
47.6 ± 2.6
44.9 ± 3.2

31.9 ± 1.3
36.2 ± 1.9
35.1 ± 1.8
40.2 ± 2.0
45.4 ± 1.9
49.5 ± 1.6
50.9 ± 2.8
47.7 ± 3.2
43.5 ± 2.0
42.6 ± 2 4
41.0 ± 2.3
39.6 ± 3 2

30.2 ± 1.2
.32.0 ± 0.9
32.8 ± 1.6
36.7 ± 1.5
42.1 ± 2.0
43.6 ± 1.8
44.6 ± 2.3
41.7 ± 1.8
39 2 ± 1.5
36.9 ±1.4
36.1 ± 1.6
35 2 ±35

29.0 ± 0.9
30.0 ± 0.8
30.4 ± 1.6
31.1 ± 1.6
37.8 ± 1.4
38.7 ± 2.0
36.2 ± 3.4
36.7 ± 1.5
34.4 ± 1.1
31.7 ± 1.3
31.0 ± 1.7
28 2 ± 2 2

23.6 ± 0.9
24.9 ± 0.7
26.2 ± 1.3
28.4 ± 1.3
32.5 ± 1.1
35.1 ± 1.7
35.7 ± 2.1
33.1 ± 1.6
30.5 ± 1.3
30.1 ± 2.2
27.7 ± 1.4
24 5 ± 1.8

20.6 ± 0.9
20.2 ± 1.0
22.7 ± 1.6
25.8 ± 1.4
29.2 ± 0.9
30.3 ± 1.0
32.3 ± 1.6
30.3 ± 1.7
27.5 ± 1.1
25.7 ± 1.3
23 0 ± 1.1
21.7 ± 18

Rev. esp. Fisiol., 42 (2), 1986



V. LdPEZ-MERINO AND COL.

Table II. Equations of linear regression, reobases and cronaxias in each esophageal level.

* Equation = mV = a • 1/t + b.

1S8

Level
Equation*

r P Reobase Cronaxiaa b

M 6.83 24.19 0.88 0.05-0.01 24.19 0.2823
L 8.80 24.88 0.89 0.05-0.01 24.88 0.3536
K 8.18 26.08 0.92 0.01-0.001 26.08 0.3136
H 9.29 28.49 0.93 0.01-0.001 28.49 0.3260
G 12.02 32.48 0.95 0.01-0.001 32.48 0.3703
F 12.94 34.05 0.95 0.01-0.001 34.05 0.3800
E 12.91 34.50 0.95 0.01-0.001 34.50 0.3742
D 12.25 38.81 0.96 0.01-0.001 38.81 0.3156
C 10.92 30.45 0.95 0.01-0.001 30.45 0.3586
B 12.10 28.44 0.97 < 0.001 28.44 0.4254
A 11.45 26.92 0.94 0.01-0.001 26.92 0.4253
0 20.72 23.98 0.81 0.05-0.01 23.98 0.8640

Reobase ami cronaxia. At*all eso
phageal levels, reobase and cronaxia were
obtained from the linear regression be
tween sensitive threshold and duration of
stimulus, these parameters being repre
sentative values of the sensibility thresh
old along the esophagus (table II).

Discussion

Clinical observations and sensory stud
ies have provided information on viscer
al sensory capacity (16, 24). This prin
ciple could also be applied to the esoph
agus (3, .5, 9, 10, 14, 17-20, 22, 32).

The present studies demonstrate that
there arc well-defined areas of the esoph
ageal wall that are sensitive to electri
cal stimulation and that responses are re
productive. A similar procedure has been
described by Frimodt-Moller (11) in
a study on bladder sensibility.

Electrical stimuli have been frequently
used for study of cutaneous (1, 23, 26)
or mucosa (12, 13) sensibility, as well
as to determine visceral sensitivity (6, 7, 

11, 18, 22). Early studies by Marcos
(18) and Botella et al. (6) showed
electrostimulation to be an adequate
method for study of esophageal sensitiv
ity; subsequent investigations by Molina
(22) confirmed these findings, concluding
that this technique was capable of releas
ing esophageal sensations similar to py
rosis in patients with peptic esophagitis
and included it among esophageal di
agnostic procedures. According to this
author, electrostimulation causes esopha
geal sensations by direct stimulation of
the esophageal sensitive receptors; when
esophageal manometry and electrostimu
lation were simultaneously recorded no
changes in motility were observed.

Voltage threshold analysis along the
esophagus showed the existence of a
sensitive profile, with a zone in the mild
third having low sensitivity. It should be
noted that histologic studies on several
species (28-31) have demonstrated that
there is an area in the mid esophagus
having fewer sensitive receptors. If these
histologic findings are confirmed in the
human esophagus, it would explain the 
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lesser sensitivity detected by electrostimu
lation in the medial esophagus.

As the present data correspond to the
law of Weiss (33) at all esophageal lev
els and the coefficients of linear regres
sion are statistically significant (table II),
it can be stated that esophagus sensitivity
follows the above law, suggesting that the
threshold voltage decreases when dura
tion of the stimulus increases.

Our findings are comparable to those
of Lipkin and Sleissenger (17), who
produced esophageal pain by distension
of an intraesophageal balloon and ob
served a direct relationship between stim
uli intensity (pressure) and duration (sec
onds) which is similar to our data (hyper
bolic curve). The similarity between ob
servations from using different stimuli,
indicates that visceral sensitivity, at least
in the esophagus, follows the law of uni
versal excitation of Weiss, having charac
teristics similar to those of cutaneous
sensitivity.

Resumen

Se describe un nuevo mdtodo cuantitativo
para estudiar la sensibilidad esofdgica. Se han
utilizado estimulos eldctricos («ondas rectan-
gulares»), de duracidn creciente (0,5, 1, 2, 4,
8 y 16 ms) y en cada uno de ellos se incre-
menta el voltaje, comenzando por 0 mV, hasta
que el sujeto perciba la primera sensacidn. Los
datos, duracidn del estimulo y voltaje mfnimo
necesario para percibir la primera sensacidn,
detectados en cada tramo esofdgico son trasla-
dados a una plantilla de recogida de datos.
Las experiencias se han realizado en 14 su-
jetos sanos, estudiantes de Medicina y personal
sanitario, que se prestaron voluntariamente a
ello. Se han analizado los siguicntcs parame-
tros: umbral do sensibilidad a lo largo del esd-
fago; relaciones entrc umbral de sensibilidad
(mv) y duracidn del estimulo (ms); y reobase
y cronaxia en cada tramo esofagico. El umbral
de sensibilidad en cada tramo esofagico es re
gular y cohcrcnte; en la zona media esofagica
se dctecta una elevacidn del umbral de sensi
bilidad con respecto a las zonas proximal y 

distal esofagicas. La relacidn entre umbral sen
sitive esofagico y el inverso de la duracidn del
estimulo eldctrico indica que la sensibilidad
esofagica sigue, al menos para este tipo de es
timulo, la ley de excitation de Weiss. La reo
base y la cronaxia son representativas del um
bral sensitive esofdgico a lo largo del esdfago.
Se concluye que la estimulacidn electrics eso-
fAgica, segtin el mdtodo propuesto, es una tdc-
nica especialmente indicada para el estudio
cuantitativo de la sensibilidad esofagica.
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