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Abstract

Resumo

A new method for evaluating the esophageal transit time
with external approach by ultrasonography®

Um novo método de avaliacdo do “tempo esofagico” com ultra-sonografia por abordagem
externa

Makoto Sakate’, Altamir Santos Teixeira?, Seizo Yamashita?, Thais Ricardo Medeiros?,
Pedro Gabriel da Silva®, Maria Aparecida Coelho de Arruda Henry*

OBJECTIVE: To utilize ultrasonography for evaluating the esophageal transit time as well as the esophagus
capability of differentiating among non-solid substances ingested (water and yoghurt). MATERIALS AND
METHODS: Twenty-two young adults of both sexes with no gastric or esophageal complaint were evaluated,
with a B-mode 3.5 MHz, convex transducer placed over the epigastric area. The esophageal transit time was
determined by means of a chronometer activated when the deglutition was initiated (glottic movement), and
stopped upon visualization of the bolus through the intra-abdominal esophagus. RESULTS: The mean
esophageal transit time for water was 6.64 + 1.83 sec, and 8.59 + 2.70 sec for yoghurt. The comparative
statistical analysis by a t-paired test has demonstrated statistically significant differences between the mean
esophageal transit times for the two substances. CONCLUSION: This new experimental method for evaluating
the esophageal transit time by ultrasonography demonstrates significant differences in the time required for
a determined liquid or pasty food passing through the esophagus, elucidating clinical suspicions and allowing
a more precise indication for further, more complex clinical studies.
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OBJETIVO: Utilizar a ultra-sonografia como método de avaliacdo do “tempo esofagico” e sua capacidade de
discriminacéo entre as substancias nio-sélidas ingeridas (agua e iogurte). MATERIAIS E METODOS: Foram
estudados 22 adultos jovens, sem queixa gastrica e esofagica, de ambos os sexos. Foi utilizado transdutor
de ultra-som de 3,5 MHz, convexo, em modo B, colocado na regido epigastrica. O intervalo de tempo esofa-
gico foi determinado utilizando-se um cronémetro que foi acionado no momento da movimentacéo da glote
(inicio da degluticdo) e interrompido ao se visualizar a passagem do contetido deglutido no eséfago intra-
abdominal. RESULTADOS: O tempo médio de transito para a agua foi de 6,64 + 1,83 segundos e para o
iogurte foi de 8,59 + 2,70 segundos. A analise estatistica comparativa pelo teste ¢t pareado mostrou que as
médias apresentaram diferencas significativas entre as substancias. CONCLUSAO: O novo método experi-
mental de avaliar o “tempo esofagico” com ultra-som é capaz de propiciar diferencas significativas do tempo
necessario para um determinado alimento (liquido ou pastoso) percorrer o es6fago, esclarecendo as suspei-
tas clinicas e possibilitando a indicacdo mais precisa de exames clinicos mais complexos.

Unitermos: Ultra-sonografia; Tempo esofagico; Es6fago intra-abdominal.
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Over the last decades, huge develop-
ment in medicine have led to the introduc-
tion of increasingly complex imaging
methodswhich, however, are hardly acces-
sible by the genera population because of
the high costsinvolved in the utilization of
thesetechniques. Imaging methods such as
chest radiography have been routinely per-
formed in hospitals and, considering the
high incidence of normal results (70%™ to
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unnecessary procedures. A study has been
developed with other complementary diag-
nostic methods such as the technique of
gastric emptying by means of ultrasonog-
raphy®, to avoid that patients are exces-
sively exposed to ionizing radiation.

In the case of esophageal complaints,
contrast-enhanced esophageal radiography,
esophageal manometry, scintigraphy, intra-
esophageal ultrasonography are routinely
performed, all of them with preciseindica-
tions“®, Radioscopy and scintigraphy are
the methods indicated for evaluating the
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esophageal transit®*). However, these
methods involve either a higher or lower
degree of radiation exposureto the patients,
despite routine implementation of quality
control and guarantee systems?,

Manometry, endoscopy and intra-
esophageal ultrasonography have been uti-
lized as a means for reducing ionizing ra-
diation exposure. These techniques, al-
though invasive, allow the investigation of
peristalsis, mucosal lesionsand diseases af -
fecting the thickness of esophageal wall
and adjacent structures.

Thereisaconcerninfinding other faster
methodsfor preliminary evaluationin cases
of mild esophageal complaintsin order to
optimize the indication for more complex
complementary studies.

“Esophageal transit time” corresponds
to the time interval required for the swal-
lowed content to pass through the esopha-
gus into the stomach. Esophageal transit
time, in the present study was measured by
means of ultrasonography, from the mo-
ment of the glottis movement (entry of the
bolus into the esophagus) up to the visual -
ization of the swallowed bolus passing
through theintra-abdominal esophagus. No
similar study involving the utilization of ul-
trasonography for this purpose has been
found in the literature.

Thefirst objective of the present experi-
mental study was utilizing ultrasonography
as amethod for evaluating the esophageal
transit time, and the second, estimating the
esophagus capability of differentiating be-
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tween liquid (water) and pasty (yoghurt)
substances ingested.

MATERIALSAND METHODS

The sample of the present study in-
cluded 22 young, healthy volunteers of
both sexes, with ages ranging between 19
and 26 years (mean 21.64 + 2.08 years),
heights ranging between 155 and 184 cm
(mean 167 + 8.89 cm) and weighting be-
tween 48 and 82 kg (mean 62.18 + 8.84 kg).
Exclusion criteria were the following:
symptoms associated with the high diges-
tive tract and diseases that could interfere
with the data collection.

A Toshiba Sonolyer series SSH 140 A/G
(Toshiba; Tokio, Japan) US unit with a
semi-convex 3.5 MHz transducer, main-
tained at a controlled temperature of 22°C
was utilized in the present study. Also a
Seiko 3 BAR stopwatch (Seiko; Tokio,
Japan) with aresolution of up to 1/100 sec-
onds was utilized.

Mineral water maintained at room tem-
perature (approximately 20 ml/volunteer)
and yoghurt (approximately 20 ml or 20 g/
volunteer ) maintained in a refrigerator at
5°, were administered during the examina-
tions.

After fasting for three hours, every vol-
unteer, received water intheoral cavity, and
was positioned in dorsal decubitus on the
examination table, with the epigastric re-
gion exposed. Subsequently, theinvestiga-
tor, holding the stopwatch with the left

hand, positioned the fifth finger of this
hand on the epiglottis of the patient and the
right hand holding the US probe positioned
on the left lateral region of the xiphoid
appendix.

The ultrasound beam was cranialy di-
rected until theintra-abdominal esophagus
was visualized. At this moment, the volun-
teer was asked to swallow the water, so the
investigator could feel the glottis move-
ment and immediately activate the stop-
watch that was deactivated upon visualiza-
tion, by means of US, of the passage of the
liquid bolus through the intra-abdominal
esophagus.

The esophageal transit time for water
was recorded and, after a 30-minute inter-
val, the same volunteer was given yoghurt
and, again, positioned in dorsal decubitus;
and the procedure was repeated (Figures 1
and 2).

The 44 values for esophageal transit
time were obtained, constituting paired
treatments, with every of the 22 volunteers
forming a pair of values for esophageal
transit time after receiving water and yo-
ghurt.

The present study was approved by the
Committee for Ethics in Research of the
Ingtitution where the study was devel oped.
All of the volunteers were given an expla-
nation about the methodology utilized and
signed aterm of free and informed consent.

The experiment homogeneity was
evaluated by means of a comparison be-
tween mean esophageal transit times ac-

Figure 1. US scan at the level of the liver showing the intra-abdominal esopha-

gus (arrow).
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Figure 2. US scan at the level of the liver showing the intra-abdominal esopha-
gus during the passage of the bolus (arrows).
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Evaluation of the esophageal transit time by ultrasonography

cording to sex, separately for water and
yoghurt, utilizing thetwo-tailed t-test, con-
sidering the impossibility of anticipating
the significance of the difference.

The comparison between esophageal
transit time with water and yoghurt was
made through the one-tailed t-test™d, con-
sidering the hypothesisthat the swallowing
of less fluid substances results in alonger
esophageal transit time. For the purposes of
statistical analysis, the significance level
was fixed in 5%, and the confidence inter-
val in 95% for mean esophageal transit
time with both water and yoghurt.

RESULTS

The lowest value obtained for esoph-
agesl transit time with water was 3.74 sec-
onds, and with yoghurt, 4.71 seconds; and
the highest values were, respectively 9.85
seconds and 16.6 seconds. In four cases,
the esophageal transit timewaslonger with
water ingestion.

No significant difference was observed
as regards esophageal transit timein male
and female volunteers (t,,4o = 0.8576, gl =
20, p = 0.4012; tyoqn,n = 0.6031, gl = 20, p
= 0.5532).

The mean esophageal transit time for
water was 6.64 + 1.83 seconds, and for yo-
ghurt, 8.59 + 2.70 seconds (Table 1).

Theanalysisof the difference (yoghurt-
water) between esophageal transit times
has indicated that the mean esophageal
transit time with water ingestion was sta-
tistically lower as compared with yoghurt
ingestion (t = 2.9905, gl =21, p=0.0039).

DISCUSSION

In the present experiment, the volun-
teers had no difficulty keeping water or
yoghurt in the oral cavity. All the steps of
theinvestigation could be accomplished in
acalm environment for al the individuals
inside the examination room. The intra-
abdominal esophagus could be easily ac-
cessed and identified at US, alowing the
visualization of the progression of the wa-
ter/yoghurt bolus through this region.

Theesophagesl transit time could be de-
termined with the aid of the stopwatch in
all the volunteers, by measuring the time
interval between the moment where the
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Table 1 Mean, standard deviation and variation coefficient in percentage of the variables height, age,
weight and esophageal transit times with water and yoghurt.

Standard Variation
Variables Mean deviation coefficient (%)
Height (cm) 167.30 8.89 5.31
Age (anos) 21.64 2.08 9.61
Weight (kg) 62.18 8.84 14.22
Esophageal transit time (s) water 6.64 1.83 27.56
Esophageal transit time (s) ioghurt 8.59 2.70 31.43

device was activated once the deglutition
of water or yoghurt was initiated, up to the
visualization of the bolus transit through
the intra-abdominal esophagus. All the
examinations could be easily and simply
performed, with the patients comfortably
positioned and taking a short time to be
compl eted.

The method could differentiate the
esophageal transit time for water that was
statistically shorter than for yoghurt (p <
0.0039), demonstrating that both sub-
stances present a defined time for passing
through the esophagus, and that both can
be utilized in an initial screening for con-
ditions affecting the peristalsis of this or-
gan and, consequently, the delay in the
bolus transit through the esophagus.

The evaluation of the thoracic esopha
gus with externa approach by ultrasonog-
raphy isimpaired by the access difficulty,
both through the anterior and the posterior
mediastinum because of the presence of air
in the lungs and bone tissue in the dorsal
spine through which sound waves cannot
be transmitted, with the exception of the
segment posterior to the aorta and the
heart™. The cervical esophagus can be
evaluated by ultrasonography, considering
itslateral locationinrelation to thetrachea,
proximity with the surfaceand interposition
of soft tissue such astheleft thyroid lobel®,
Given its posterior positioning in relation
to the left hepatic lobe, the intra-abdomi-
nal segment of the esophagusis easily ac-
cessible by ultrasonography, acting as an
access window for ultrasound imaging (a
relatively homogeneous organ that dis-
places the bowe! |oops with gas)619.

With the advent of new technologies,
new method have been introduced for
evaluating the esophagus such as nuclear
medicine, optic fiber endoscopy, manom-
etry with pH-metry, and endoscopic ultra-

sonography. All these methods demonstrate
the location and anatomical and functional
aspects of the esophagus®2?, but are in-
vasive or utilize ionizing radiation with
highly expensive equipment.

Therefore, the method evaluated in the
present study has alowed a less invasive,
a cost-effective and probably more easily
availabletechniquefor the patients ascom-
pared with esophageal radiography or scin-
tigraphy, considering that this method re-
quiresonly aconventional ultrasonography
unit and a stopwatch to be reproduced.

CONCLUSION

The new experimental method for
evaluating the esophageal transit timewith
externa approach by ultrasonography is a
simple, non-invasive technique that pro-
vides significant information without re-
quiring ionizing radiation. This method
gives us information on the differences
between the esophageal transit timefor lig-
uid and pasty food. It is widely available
and can be ssmply performed, with no con-
traindication and playing a significant role
in the initial evaluation of conditions that
may affect the esophagus. It is a safe, reli-
able and discriminative method including
bedside capability (suitable for utilization
in residences, hospitals and infirmaries),
alowing the obtention of fast results with
a good cost-benefit ratio.
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