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after deglutition

Lita Tibbling, Per Gezelius, Thomas Franzén

Lita Tibbling, Thomas Franzén, Department of Surgery, Uni-
versity of Linköping, SE-581 85 Linköping, Sweden 
Per Gezelius, Department of Surgery, University of Linköping, 
SE-581 85; SynMed, SE-117 43 Stockholm, Sweden
Author contributions: Tibbling L, Gezelius P and Franzén 
T contributed equally to this work; Tibbling L and Franzén T 
participated in the development, implementation and management 
of this project and were involved in drafting the manuscript; 
Gezelius P participated in the analysis of the high-resolution 
manometry readings and in drafting this part of the manuscript.
Correspondence to: Dr. Thomas Franzén, Department of 
Surgery, Linköping University Hospital, SE 581 85 Linköping, 
Sweden. thomas.franzen@lio.se
Telephone: +46-10-1030000   Fax: +46-10-1043216
Received: December 1, 2010   Revised: March 1, 2011
Accepted: March 8, 2011
Published online: June 21, 2011 

Abstract
AIM: To study the relationship between upper esopha-
geal sphincter (UES) relaxation, peristaltic pressure 
and lower esophageal sphincter (LES) relaxation fol-
lowing deglutition in non-dysphagic subjects.

METHODS: Ten non-dysphagic adult subjects had a 
high-resolution manometry probe passed transnasally 
and positioned to cover the UES, the esophageal body 
and the LES. Ten water swallows in each subject were 
analyzed for time lag between UES relaxation and LES 
relaxation, LES pressure at time of UES relaxation, 
duration of LES relaxation, the distance between the 
transition level (TL) and the LES, time in seconds that 
the peristaltic wave was before (negative value) or after 
the TL when the LES became relaxed, and the maximal 
peristaltic pressure in the body of the esophagus. 

RESULTS:Relaxation of the LES occurred on average 
3.5 s after the bolus had passed the UES and in most 
cases when the peristaltic wave front had reached the 
TL. The LES remained relaxed until the peristaltic wave 
faded away above the LES. 

CONCLUSION: LES relaxation seemed to be caused 
by the peristaltic wave pushing the bolus from behind 
against the LES gate.
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INTRODUCTION
Swallowing dysfunction with esophageal food retention 
is a common problem in an adult population with hiatus 
hernia. Most articles reporting lower esophageal sphincter 
(LES) studies depict LES relaxation caused by neuro-
genic mechanisms[1] in gastroesophageal reflux (GER). 
The ability of  the LES to allow esophagogastric transit 
after deglutition has received little attention. Efforts have 
been made to prove that LES relaxation is triggered by 
a neurogenic reflex following deglutition[2], that the LES 
and the upper esophageal sphincter (UES) relaxations are 
simultaneous events and that the cervical portion of  the 
vagus nerve mediates inhibitory and excitatory changes in 
LES pressure[3]. In a recent study, a biodynamic approach 
was proposed for LES opening when GER takes place 
in hiatal hernia and the gastric wall tension pulls open the 
LES[4]. As long ago as 1978[5], LES was suggested to be a 
biodynamic gate which is forced to open when a bolus is 
propelled by esophageal peristalsis. We decided to further 
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challenge the idea of  LES as an esophagogastric pressure 
zone dependent on complex neuro-humoral factors. 

The recent development of  high-resolution solid-state 
manometry (HRM) systems with closely spaced circumferen-
tial pressure sensors has made it possible to display simulta-
neous recordings along the entire esophagus in color-coded 
pressure plots (Figure 1) and has dramatically improved the 
diagnostic assessment of  esophageal function and disease. 
With conventional esophageal manometry, simultaneous 
events in the UES and LES have been difficult to display 
especially since deglutition often will displace the pressure 
sensors due to shortening of  the esophagus. The HRM tech-
nique enables, therefore, a unique possibility to study UES 
and LES pressure during the entire deglutition period and 
independent of  any sphincter dislocation. In order to find 
out if  there is an interplay between pulling forces and LES 
opening, the aim was therefore to study the relationship be-
tween UES relaxation, peristaltic pressure and LES relaxation 
following deglutition using the HRM technique.
 
MATERIALS AND METHODS
The HRM system (ManoScan 360 A-100, ManoView 
analysis software ver. 2.0.1 from Sierra Scientific Instru-
ments Inc., Los Angeles, CA) uses a solid state catheter (Ø 
4.2 mm) with closely spaced circumferential pressure sen-
sors with 1 cm intervals over 36 cm. The HRM catheter 
was passed transnasally and positioned to be recording 
simultaneously from the hypopharynx, through the body 
of  the esophagus, to the stomach. The catheter was cali-
brated outside the patient before and immediately after the 
investigation using the thermal compensation option in the 
software. 

We performed a prospective HRM study in 10 adult 
patients (median age 45 years, range 38-63 years; 7 women, 
3 men) who were admitted to an esophageal laboratory for 
suspected dyspepsia. It can be claimed that our patients 
with dyspepsia are not representative for studies of  normal 
LES and UES function. Dyspepsia is a diagnosis without 
organic lesion and with diffuse symptoms predominantly 
in the gastric region. The patients did not have any symp-
toms of  dysphagia and reflux, they were free of  medica-
tion, and the presence of  hiatus hernia was excluded at 
gastroscopy and HRM. It is therefore regarded that con-
founding factors have been excluded in the study material. 

The investigation comprised ten swallows of  a 10 mL  
water bolus in a supine position. The characteristics ana-
lyzed were: (1) the time lag between UES relaxation and 
LES relaxation; (2) the LES pressure at time of  UES re-
laxation; (3) the duration of  LES relaxation; (4) the length 
of  the esophagus between UES and LES; (5) the distance 
between the transition level (TL) and the LES; (6) time in 
seconds that the peristaltic front wave was before (nega-
tive value) the TL or after the TL when the LES pressure 
dropped to nadir; and (7) the maximal peristaltic pressure 
in the esophagus. The eight best readable swallow record-
ings in each subject (a total of  78 swallows) were calcu-
lated upon, and the mean values of  each individual item 
are given. 

 TL is defined as an esophageal zone with striated-to-
smooth muscle fiber transition[6] showing as a short loss 
of  peristaltic pressure (Figure 1). 

RESULTS
Individual values and the mean of  all values are presented 
in Table 1. The LES relaxed on average 3.5 s after the 
UES had opened. The mean LES pressure was 26 mmHg  
at time of  UES opening. The mean duration of  LES 
remaining relaxed was 6.7 s. The mean length of  the 
esophagus between UES and LES was 26 cm. The mean 
distance between the TL and the LES was 18 cm, cor-
responding to on average 72% of  the total length. The 
mean time that the peristaltic wave was before (negative 
value) the TL or after the TL when the LES opened was 
-0.5 s. The mean maximum pressure of  the peristaltic 
wave was 138 mmHg. The time lag between UES and 
LES relaxation was never over 6.4 s. The individual LES 
pressure, as well as the maximum peristaltic pressure, var-
ied remarkably from swallow to swallow (Table 1). 

DISCUSSION
This study shows quite clearly that the LES becomes re-
laxed several seconds (on average 3.5 s) after the water bo-
lus has passed the UES. This corresponds with findings by 
Nguyen et al [7] when impedance and manometry techniques 
were used. They found a mean latency between bolus en-
try into the esophagus and LES relaxation of  3.6 s. This is 
also in agreement with the esophageal transit time (3.8 s) as 
assessed with the biomagnetic technique[8]. The LES pres-
sure did not change in our study at time of  UES opening. 
Therefore, it seems unlikely that LES relaxation is triggered 
by the start of  deglutition. 

It seems as if  opening of  the LES coincides with the 
peristaltic wave front reaching close to the TL, which is 
an esophageal level with striated-to-smooth muscle fiber 
transition. Reasonably, this depends on the premise that 
the distal end of  the water bolus has reached the LES, 
that the water bolus fills up the esophageal lumen be-
tween TL and LES, and that the peristaltic wave pushes 
the water bolus from behind against the LES gate. Only 
the combination of  manometry and impedance measure-
ment or the combination of  HRM and radiography can 
find out whether LES relaxation and opening take place 
at the moment when the bolus arrives at the LES. In an 
impedance study of  LES opening and bolus transit, it was 
found that LES relaxation seemed to be modulated by the 
bolus transit and occurred predominantly upon arrival of  
the bolus in the distal esophagus[7]. This discovery clashes 
with the findings by Pandolfino et al[9] who used a com-
bined impedance/manometry technique. They showed 
that LES relaxation did not necessary coincide with bolus 
passage or LES opening. The hydrostatic pressure in the 
esophageal body necessary to open the LES in an upright 
position, as shown in a combined manometric and radio-
graphic study from 1978[5], was approximately the same as 
the LES pressure before opening. If  no deglutition activ-
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ity took place and a contrast medium was instilled into the 
esophagus, the LES opened when the hydrostatic pres-
sure exceeded the resting LES pressure and closed again 
when the hydrostatic pressure in an upright position fell 
short of  the LES pressure. Deglutition caused the LES to 
relax and open when the peristaltic wave reached the up-
per level of  the infused contrast medium. These different 
findings indicate that the LES is a barrier which is forced 
to open by the peristaltic pressure. In the clinic, this would 
explain why, for instance, patients with achalasia cardia or 
with lack of  esophageal peristalsis do not have any LES 
relaxation after deglutition. 

If  we look upon the LES as a gate that will be pulled 
open, it is of  interest to compare the pressure of  the LES 

and the maximum pressure of  the peristaltic wave in the 
distal esophagus. In this study, the peristaltic pressure was 
five times stronger than the LES pressure. HRM and con-
ventional manometry are claimed to be the same in their 
measurement of  LES resting pressure[10]. It has been shown 
that the longitudinal esophageal muscle is contracted dur-
ing the peristaltic activity[11] which will decrease esophageal 
wall compliance. Certainly, the peristaltic force displays an 
interaction between the longitudinal and circular esophageal 
muscles[12], and a compliance decrease of  the esophageal 
wall will facilitate bolus transit. The reason for the degluti-
tion-induced pressure overload in the esophageal body is 
therefore of  importance, in order to overcome the stiffness 
of  the esophageal wall. In the study by Babaei et al[12], it was 
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Figure 1  An high-resolution solid-state manometry recorded swallowing event. Transition level = TL, LES relaxation = LES opening to LES closure. Red ≥ 

60 mmHg. Blue  ≤ 0 mmHg. LES fluctuations represent respiration, upwards expiration, downwards inspiration. UES: Upper esophageal sphincter; LES: Lower 
esophageal sphincter.

Table 1  Different esophageal events in ten subjects

Event F1 F2 M3 F4 F5 F6 M7 M8 F9 F10 All 10 subjects; mean: ranges

(A) s       2.6        5.2        5.0       3.6       3.8        3.2        3.6       1.7        3.0        3.5 3.5: 1.7-5.2
(B) mmHg   21   19   20 32   13       24       23      52       29   29 26: 13-52
(C) s        5.1       4.2       4.2      6.7        5.5        7.7      10.3       8.5        7.7        7.5 6.7: 4.2-10.3
(D) cm   25   26   28 25   29       23       26      26   22   26 26: 22-29
(E) cm   16   17   20 18   20       17       19      20       16   18 18: 16-20
(F) s       -1.4       0.7        0.9      0.3        0.5       -0.2       -1.4      -2.0       -1.6       -0.3 -0.5: -2.0-0.9
(G) mmHg 109 121 123 71 102 232 187 169 152 116 138: 71-232

Different esophageal events, mean values of ten recordings in ten subjects, and mean values of all ten subjects. A: Time lag between relaxing of UES and 
LES; B: LES pressure when UES opened; C: Duration of LES remaining relaxed; D: Esophagus length; E: Distance between TL and LES; F: Time in seconds 
that the peristaltic wave was before (minus value) or after the TL when the LES relaxed; G: maximum pressure of the peristaltic wave. F: Female; M: Male. 
UES: Upper esophageal sphincter; LES: Lower esophageal sphincter; TL: Transition level defined as the zone when the striated muscle layer transitions into 
the smooth muscle layer.
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even proposed that the longitudinal esophageal smooth 
muscle has an important role in the relaxation of  LES. In 
our study, the LES remained relaxed as long as the peristal-
tic wave was present in the esophagus. This indicates that 
there is a close interplay between LES function and peri-
staltic activity. It is reasonable to believe that the LES will 
be pulled open when the pulling direction is either from the 
esophagus or from the stomach[12]. 

In conclusion, LES opening seems to be caused by the 
peristaltic wave pushing the bolus from behind against the 
LES gate. Therapeutic attention in patients with dysphagia 
of  non-stricture origin should therefore be focused on 
esophageal motility function rather than on drugs affect-
ing LES pressure. 

COMMENTS
Background
Swallowing problems with food retention in the gullet are present in at least 
8% of an adult population. For accurate treatment, it is of importance to know 
whether transit from the esophagus to the stomach can be treated with drugs 
aimed at opening the lower esophageal sphincter (LES) or whether transit is 
due to dynamic properties of gullet muscles. So far, it has been claimed that 
LES is triggered to open by a neurogenic reflex from the upper esophageal 
sphincter (UES).
Research frontiers
The newly developed high-resolution manometry (HRM) system is a technical 
innovation and breakthrough for the understanding of dynamic esophageal 
events, meaning the interplay between esophageal motility and esophageal 
sphincter relaxations. 
Innovations and breakthroughs
The esophageal HRM probe was used in ten non-dysphagic patients with dys-
pepsia in order to study the time relationship between UES and LES relaxation 
and to study where the peristaltic wave front was located when the LES relaxed 
after deglutition of a 10 mL water bolus in the supine position. These simulta-
neous activities have previously not been possible to study with conventional 
esophageal manometry. 
Applications
The LES was shown to relax 3.5 s later than the UES after deglutition which is 
the average time it takes a water bolus front to reach the LES. The LES remained 
relaxed on average 6.8 s; that is until the propulsive force had faded away. The 
peristaltic front wave reached a level close to the transition level (TL), either 2 s 
before or 1 s after the TL. 
Terminology
Esophagus-gullet. Dyspepsia-a diagnosis without any specified organic lesion and 
with diffuse symptoms from the gastric region. Dysphagia-swallowing difficulties. 
HRM-a pressure catheter with a 36 cm long segment of sensors spaced 1 cm 
apart giving simultaneous pressure information of sphincter and muscular activity 
from a total of 432 locations from UES to LES. The pressure can be displayed as 
a color plot offering visual information of the esophagus and its sphincters very 
similar to an anatomic picture. LES-lower esophageal sphincter. Manometry-
pressure measurement. Smooth muscle-a muscle under autonomic, non-volitional 
control. Striated muscle-a muscle under volitional control. TL, transition level-the 

level in the esophagus between the upper striated muscle level and the lower 
smooth muscle level which is located about 7 cm distal of the UES. 
Peer review
More emphasis on why HRM is a great technique and the knowledge it provides 
compared to conventional esophageal manometry has now been given in the 
Methods section. The reason why we believe that dyspepsia patients can be re-
garded as normal people with regard to esophageal transit studies is addressed 
in the Materials section. The previous conclusion, regarding older theories of a 
neurogenic reflex causing LES relaxation, has been omitted and basic data for 
this are given in the discussion.
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