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Chapter 11 Esophageal body motility

ABSTRACT

Background: Esophageal body motility contributes to clearance of acid. Little is known
about esophageal motility within acid reflux episodes during 24 hour ambulatory recording in
patients with gastroesophageal reflux disease (GERD).

Methods: We studied esophageal motility during reflux episodes (ambulatory 24 hour
esophageal pH- and manometry) in 89 patients with GERD and 15 healthy controls. Subjects
were divided into subgroups based on acid exposure time.

Results: Amplitude and duration of esophageal contractions were not significantly different
between the groups with normal, mild, moderate and severe reflux. The number of distal
esophageal contractions required to raise esophageal pH above 4 was identical in the reflux
subgroups during upright reflux, but was significantly (p<0.05) different during supine reflux.
The frequency of peristaltic waves was significantly (p<0.001) decreased in subjects with
severe acid reflux both upright and supine.

Conclusions: Esophageal body motility is not impaired during reflux episodes in GERD
patients. In subjects with severe acid reflux, the clearance of acid is diminished as
consequence of a significant reduction in the frequency of peristaltic waves,

INTRODUCTION

Gastroesophageal acid reflux predominantly occurs during transient lower esophageal
sphincter (LES) relaxations or when LES pressure is very low.(1) Other factors involved in
the pathogenesis of reflux disease are gastric emptying and composition of gastric
refluxate.(2) The duration of a reflux episode is determined by the clearance of acid from the
esophagus. Acid clearance is dependent on esophageal body motility and salivary
buffering.(2,3)

Previous studies using stationary manometry indicate that esophageal body motility is
abnormal in patients with gastroesophageal reflux disease (GERD) (4-10). Abnormalities that
have been reported include: reduced amplitude of distal esophageal contractions, reduced
velocity of peristalsis and higher percentage of uncoordinated contractions. These motor
abnormalities are referred to as "ineffective esophageal motility" (IEM) (5,8,10,11).

In order to obtain a better insight into the relation between esophageal peristalsis and
reflux, esophageal motility should be investigated more specifically within the time frame of
a reflux episode. Ambulatory solid state manometry and pH metry have the advantage over
stationary manometry that prolonged, 24 hour recording is feasible and thereby will more
closely reflect the (patho)physiology of daily life.

Aim of our study was to evaluate the esophageal body motor events that contribute to
esophageal acid clearance in reflux patients with varying severity of reflux disease.

MATERIALS AND METHODS
Subjects

Between 1997 and 2002 eighty nine patients referred to the motility unit of the
department of Gastroenterology of the Leiden University Medical Center for 24 hr pH

y
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monitoring agreed to undergo combined ambulatory 24 hr esophageal pH and manometry
recording. The study populations consisted of patients with previously documented
endoscopic esophagitis, according to the criteria of Savary and Miller]2: twenty-nine patients
with esophagitis grade I, twenty-five patients with esophagitis grade 11, five patients with
esophagitis grade 11, four patients with esophagitis grade 1V; (all patients with esophagitis
grade [-1V: mean age 48 yr; range 20-75 yr; 34M; 29F) In twenty-six patients no erosive
esophagitis was found: grade 0 (mean age 49 yr; range 20-75 yr; 14M; 12F). The control
group consisted of fifieen healthy subjects (mean age 30 yr; range 19-56 yr; 8M; 7F). These
subjects were free of reflux symptoms and were not on chronic medication. Informed consent
was obtained from each individual. The study had been approved by the Ethics Committee of
the Leiden University Medical Center.

Ambulatory 24 hour esophageal pH- and manometry

In all subjects esophageal manometry (water-perfusion system) was performed to
determine the position (upper margin) of the LES. Thereafter a catheter containing three
solid-state pressure sensors at 5 cm distance from each other and a glass pH electrode
catheter were positioned in the esophagus with the distal pressure sensor and the tip of the pH
electrode 5 ¢cm above the LES. Esophageal pressure was recorded at 5, 10, 15 ¢cm above the
upper margin of the LES. Both catheters were connected to a portable digital recorder
(Microdigitrapper, Medtronic, Denmark).

All studies were performed under ambulatory conditions on outpatient basis and each
person was encouraged to follow her/his daily routine during registration. Intake of food and
drinks with pH below 4 was restricted. During the study, periods of retrosternal pain or
heartburn, eating and drinking, and supine position were registered in a diary. Upon
completion of the 24-hour monitoring, all recorded data were transferred to a personal
computer and stored for later analysis.

Data analysis
Selection of subjects by grade of esophagitis may have become less accurate since

nowadays many patients have been treated with acid inhibitory drugs when endoscopy is
performed. By then, endoscopic signs of esophagitis may have regressed or even disappeared.
Therefore we considered it more appropriate to divide reflux patients into subgroups based on
results of 24 hour pH-metry.

Analyses were done for upright and supine reflux separately. For upright reflux, the
duration of time with esophageal pH<4 of 0-4% was defined as normal acid reflux (n=40,
controls and patients); 4-8% pH<4 as mild upright acid reflux (n=21); 8-12% pH<4 as
moderate upright acid reflux (n=17) and >12% as severe upright acid reflux (n=26).13 For
supine reflux, acid exposure time below 1.2% was defined as supine reflux in the normal
range (n=20), from 1.2% to 10% as mild-moderate supine reflux (n=26) and >10% as severe
supine reflux (n=26).13Thirty two subjects had no acid reflux in supine position (time pH<4
when supine < 0,1%) and were not included in the calculations on supine reflux.

An acid reflux episode was defined as a sudden fall in esophageal pH to below 4 with
a duration of at least five seconds including the last set of peristaltic contractions that raised
the pH to above 4, In all subjects the episodes of acid reflux were marked and based on the
diary divided in upright or supine periods. The data were processed by automated analysis
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(Multigram 6.31, Medtronic, Denmark). The following parameters of acid reflux were
measured: total duration of all reflux episodes (min), number of reflux episodes, mean
duration of reflux episodes (min), duration of longest reflux episode (min) and number of
reflux episodes lasting longer than five minutes.

Esophageal pressure rises with an amplitude of at least 20 mmHg above the baseline
and a duration between 1.0 and 5.0 seconds were recognized as a contraction. All other
pressure variations were classified as artifacts or regarded as an unclassified activity. In case
of multiple-peaked contractions, the amplitude of the second peak has to be at least 50% of
the amplitude of the main peak, the trough-to-peak duration had to be at least 0.5 seconds and
the trough had to be 15% of the main peak. During reflux episodes we obtained from each
pressure channel: total number of contractions, frequency of contractions (contractions/min),
amplitude (mmHg) and duration (sec) of esophageal contractions.

The computer program categorized each contraction as either peristaltic, simultaneous
or non-transmitted. Contractions were considered peristaltic when the onset at the proximal
esophageal recording site is more than 0.3 but less than 5.0 sec before the contraction onset in
the consecutive pressure channel. Contractions in consecutive channels were categorized as
simultaneous when the peak interval was less than 0.3 seconds. Non-transmitted contractions
occurred in one channel only. A peristaltic wave was defined as a group of coordinated
contractions. The frequency of peristaltic waves per reflux episode was measured.
Esophageal motility was divided into effective and ineffective peristalsis. Effective peristalsis
was defined as complete (proximal, mid and distal contractions) peristalsis with adequate
contraction amplitude (230 mmHg). Ineffective peristalsis was defined as complete
peristalsis but inadequate contraction amplitude or incomplete peristalsis or non-peristaltic
contractions. Data were analyzed for upright and supine periods separately. For all
parameters, a mean value per registration period was calculated. The analyzed data were
transferred to a database program for statistical evaluation.

Statistical analysis

Parameters with normal distributions were expressed as mean + SEM. Other
parameters were expressed as median. The Mann-Whitney U test for non-parametric data was
used for statistical analysis to compare results between the groups of patients and the
controls. Analysis of variance, followed by Student-Newman-Keuls analysis, was used to
compare results between the different groups. Correlations were calculated using Spearman’s
rank correlation coefficient (Rs). The significance level was set at p<0.05.
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RESULTS

Esophageal pH and motility in upright position

Subjects were divided into subgroups based on acid exposure time. The number of
reflux episodes, duration of reflux episodes, duration of the longest reflux episode and
number of reflux episodes >5 min increased significantly (p<0.001) with the severity of acid
reflux (Table 1),

Parameters of distal esophageal body motility during reflux episodes are shown in
Table 2. The total number of contractions per reflux episode, that is the number of
contractions needed to raise esophageal pH to level above 4, was not significantly different
between the four groups (Figure 1). Subjects with severe acid reflux had a significantly
(p<0.001) lower frequency of distal esophageal contractions in the reflux episode (1.4 + 0.1
contractions/min) than subjects with acid reflux in the normal range (2.1£0.1
contractions/min) and mild acid reflux (1.9 + 0.2 contractions/min). The amplitude of
contractions in the distal esophagus was slightly but significantly (p<0.05) lower in subjects
with severe acid reflux (47 = 2 mmHg) compared to normal acid reflux (56 + 2 mmHg) but
are considered in all groups to be adequate (amplitude 230 mmHg). The frequency of
contractions (n/min) per reflux episode correlated inversely with the severity of acid reflux
(Rs = -0.40; p<0.0001),

The efficacy of esophageal motility during reflux episodes in the upright period is
shown in Table 3. The frequency of peristaltic waves during a reflux episode was
significantly (p<0.001) lower in the subjects with severe acid reflux (1.4 + 0.1
contractions/min) compared to subjects with acid reflux in the normal range (2.2 = 0.1
contractions/min) and mild acid reflux (1.9 £ 0.2 contractions/min). Effective peristalsis
during reflux episodes in the subjects with severe acid reflux (33 + 3%) was significantly
(p<0.001) lower compared to subjects with acid reflux in the normal range (46 + 3%). An
increasing esophageal acid exposure time correlated inversely (Rs = -0.27; p=0.005) with the
percentage effective peristalsis,

133




—T"

Chapter 11 Esophageal body motility

Table 1. Characteristics of esophageal pH-metry during upright position (mean + SEM).
Patients with gastroesophageal reflux disease and controls are divided in subgroups based
on acid exposure time in the upright position during the 24 hour period. * denote significant
(p<0.001) differences versus the normal group; # denote significant (p<0.001) differences
versus the mild group: * denote significant (p<0.001) differences versus the moderate group.

Subgroup (subjects) Normal Mild (n=21) Moderate Severe
(n=40) (n=17) (n=26)
Time esophageal pH<4 (%), 0-4% 4-8% 8-12% >12%
upright
Reflux time (min) 26+3 6247 88+ 14 128+ 13
Number of reflux episodes 193 44 £ 97 59+ 184 49 + 6~
Duration of reflux episode (min) 1.7+£0.3 1.7+£0.2 1.9+0.2 3.1 + 0.4"%*
Duration of longest reflux episode 3.7+ 0.5 8.5+1.6 16.4£63" 16.8+£2.7"
(min)

Number of reflux episodes >5 min 0.3 + 0.1 2.0£0.7" 206209 4.4 +0.7'#*

Table 2. Characteristics of esophageal motility during reflux episodes in upright position.
denotes a significant (p<0.001) difference versus the normal group, # denotes a significant
(p<0.001) difference versus the mild group, * denotes a significant (p<0.05) difference
versus the normal group.

Time esophageal pH<4, upright Normal (0- Mild (4-  Moderate (8- Severe
4%) 8%) 12%) (>12%)

Number of distal contractions / 3.6+£0.7 3.0+0.3 334035 36+05

reflux episode

Frequency of distal contractions 2.1 +0.1 1.9+0.2 1.7+0.2 1.4+ 0.1

(N/min)

Amplitude of distal contractions 56+2 51+3 50+3 47 £ 2%

(mmHg)

Duration of distal contractions (sec) 2.3£0.1 23+01 2.1+0.1 2.0=+0.1

Table 3. Efficacy of esophageal motility during reflux episodes in upright position. Effective
peristalsis is described as complete peristaltic waves with adequate contraction
amplitude(>30 mmHtg). Ineffective peristalsis is incomplete peristalsis or non-peristaltic
contractions or contractions with inadequate amplitude. ™ denote significant (p<0.001)
differences versus the normal group, # denotes a significant(p<0.001) difference versus the

mild group.

Time esophageal pH<4, upright Normal (0-  Mild (4- Moderate (8-12%) Severe
4%) 8%) >12%)

Frequency of peristaltic waves

per reflux episode (N/min) 2240.1 1.9+0.2 1.8 £ 0.1 1.4+ 0.1

Effective peristalsis (%) 46 +3 45+3 41 +4 334+ 3

Ineffective peristalsis (%) 54+4 5§43 59+4 67 £3
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Esophageal pH and motility in supine position

The results of supine esophageal pH-metry and motility during all supine reflux
episodes are shown in Tables 4-6. The duration of reflux episodes, duration of longest reflux
episodes and number of reflux episodes lasting more than 5 min increased significantly
(p<0.001) with the severity of supine acid reflux (Table 4).

The total number of distal esophageal contractions per reflux episode in subjects with
severe supine reflux (7.7 + 2.5 contractions) was significantly (p<0.05) higher compared to
subjects with normal supine reflux (3.6 £ 1.2 contractions; Table 5 and Figure 1). The
frequency of distal esophageal contractions was significantly (p<0.05) lower in subjects with
mild-moderate supine reflux (1.2 & 0.2 contractions/min) or severe supine reflux (1.1 + 0.4
contractions/min) compared to subjects with normal supine reflux (2.7 + 0.5
contractions/min). The severity of supine reflux correlated significantly both with the number
of distal esophageal contractions (Rs = 0.60; p<0.05) and the frequency of distal contractions
during reflux episodes (Rs = —0.43; p<0.001). Amplitude and duration of distal contractions
in the reflux episodes were not significantly different between the three subgroups (Table 5).
This was true not only for distal esophageal motility but also for mid and proximal
esophageal motility (data not shown). Thus, subject with severe supine acid reflux did not
have a lower amplitude of distal esophageal contractions but needed more contractions to
clear the acid while the contraction frequency also was significantly lower.

The frequency of peristaltic waves was significantly (p<0.01)lower in subjects with severe
supine reflux (1.1 + 0.4 waves/min) and mild-moderate supine reflux (1.2 £ 0.2 waves/min)
compared to normal supine reflux (2.7 £ 0.5 waves/min). The percentage of effective
peristalsis was not significantly different between subgroups of supine acid reflux (Table 6).
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Table 4. Characteristics of esophageal pH-metry during supine position (mean + SEM). Only
subjects with supine acid reflux were included. ~ denote significant (p<0.001) differences
versus the normal group.

Time esophageal pH<4, supine Normal Mild-moderate Severe
(n=20)(<1.2%) (n=26) (1.2-10%)  (n=26)(> 10%)
Reflux time (min) 6.5+3.0 24433 91.9+13.9
Number of reflux episodes 9+4 B+2 22+12
Duration per reflux episode (min) 1.6+0.5 49+09 12.8 £ 3.00
Duration longest reflux episode 20+08 1322201 50.0 £ 13.14
(min)
Number of reflux episodes >5 min 0.3+03 0.9 +0.1 3017

Table 5. Characteristics of esophageal motility during reflux episodes in supine position.
(mean = SEM). * denote significant (p<0.05) differences versus the normal group

Time esophageal pH<4 Normal Mild-moderate Severe
(<1.2%) (1.2-10%) (>10%)

Number of distal 3.6+1.2 4.1%0.7 TIE25

contractions/reflux episode

Frequency of distal contractions 2.7+0.5 T2z 02" 1.1 £04"

(N/min)

Amplitude of distal contractions 56+8 50+3 5133

(mmHg)

Duration of distal contractions (sec) 2.3 +0.2 23+0.2 Z.T£0

Table 6. Efficacy of esophageal motility during reflux episodes in supine position. Effective
peristalsis is described as complete peristaltic waves with adequate contraction amplitude
(> 30 mmHg). Ineffective peristalsis is incomplete peristalsis or non-peristaltic contractions
or contractions with inadequate amplitude. * denote significant (p<0.01) differences versus
the normal group.

Time esophageal pH<4 Normal Mild-moderate Severe
(0-1.2%) (1.2-10%) (>10%)
Frequency of peristaltic waves
per reflux episode (N/min) 2.T40S 1.2+ 027 1.1 +04"
Effective peristalsis (%) 37+8 30+4 3743
Ineffective peristalsis (%) 63 +8 70+4 63+3
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Figure 1. Number of distal esophageal contractions required to raise pH to a level above 4
in subjects with varying severity of reflux for upright reflux (left upper panel) and supine
reflux (vight upper panel). Frequency of peristaltic waves (n/min) during a reflux episode in
subjects with varying severity of reflux for upright reflux (left lower panel) and supine reflux
(right lower panel).

upright * p<0.01 severe vs mild and normal

supine # p<(.05 severe vs normal and mild-moderate

supine & p<().01 severe and mild-moderate vs normal

Upnght Supine
5 Numbes of dmtal corractions | reflus episade (N) 12 Number of distal conractions | reflux epsade (N) #
4 [ : 10
o L Y g ) . |
3 i | =
| ]
2
| 4 | [ Pp— 1]
‘ ‘ ‘ | ‘ ? ‘ ‘
0 | 0 |
Nemal il Moderate Severe Normal Miid-moderate Severs
Fraquency of peristaiic waves | refiux spisode (Nimin) Froquency of perstattic waves | reflus epsode | Nimr)
3 3 I
erin )
P

Normal Mild Moderate Savere Normal Mild-moderate Severs

137




Chapter 11 Esophageal body motility

DISCUSSION

Esophageal motor dysfunction consisting of failed or hypotensive peristalsis may lead
to impaired volume clearance of acid refluxate.(14) The severity of reflux esophagitis is
related not only to the frequency but also to the duration of gastroesophageal reflux episodes
(6,7). Previous studies indeed have shown that in patients with gastroesophageal reflux
disease esophageal motility is impaired (4-11) Esophageal dysmotility is associated with
more severe reflux symptoms and failure of medical treatment. On the other hand, reflux
parameters or grade of esophagitis do not significantly differ between patients with or
without dysmotility (15) Kahrilas et al (4) demonstrated that esophageal peristaltic function is
impaired only in a minority of patients with peptic esophagitis. Vinjirayer et al (11) found
that ineffective esophageal motility is common in reflux patients but the frequency of
ineffective esophageal motility is not different among refluxers with normal and abnormal
acid exposure. Timmer et al (16,17) studied esophageal motility in patients with low-grade
reflux esophagitis and healthy controls, using 24-hour ambulatory pH and pressure
monitoring. Only small and non-significant differences in peristaltic contractions, total
number of esophageal contractions and amplitude were found between patients with
esophagitis and controls (16, 17).

In the present study esophageal body motility was evaluated specifically during
episodes of gastroesophageal acid reflux. Amplitude and duration of esophageal contractions
in response to acid reflux were not significantly different in the subjects with normal, mild,
moderate or severe upright gastroesophageal reflux.  Although subjects with severe
gastroesophageal reflux had a slightly but significantly lower amplitude of distal contractions,
in all groups the amplitude was considered adequate (>30 mmHg), contributing to effective
peristalsis. We observed that during episodes of upright acid reflux the number of distal
contractions to clear acid was nearly identical in all reflux groups. However, the frequency of
esophageal peristaltic waves was significantly decreased in patients with severe reflux
disease. Prolonged upright esophageal acid clearance in GERD patients therefore is related
more to the frequency of esophageal peristaltic contractions than to the characteristics of the
contractions itself, such as amplitude or duration.

Thus, when evaluated during ambulatory conditions, patients with excessive reflux
have alterations in the frequency of esophageal motility in response to acid reflux. The
mechanism underlying the impaired distal motor response to reflux is not clear. Altered
esophageal sensitivity may be a mechanism underlying the reduced peristalsis. Subjects with
frequent heartburn but without esophageal erosions have a lower threshold for esophageal
sensation and pain (18). Sensory thresholds of patients with excessive reflux or Barrett
esophagus however are significantly higher compared to patients with non-erosive GERD
(19,20). Visceral sensitivity is affected by age. Older GERD patients have reduced sensations
to chemical or mechanical stimuli despite increased acid exposure (21,22). In our study the
age of patients with severe reflux was not different from that of patients with less pronounced
reflux,

Disordered peristaltic activity does not improve after healing of esophagitis (23,24). It
has been suggested that impaired esophageal motility in reflux esophagitis is a consequence
of esophageal inflammation but others have also pointed to impaired motility as a pre-
existing factor in the pathogenesis of reflux. Our observations provide additional information
because we focused on effective esophageal motility. We have clearly shown that under
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physiological conditions peristaltic function in subjects with mild to severe upright acid
reflux is not different from the group with normal reflux. The frequency of esophageal
contractions was significantly decreased in subjects with severe acid reflux, but the amplitude
of contractions was not significantly affected.

During the supine reflux periods no differences in amplitude or duration of esophageal
contractions were shown between the groups with different acid exposure time. However, in
patients with severe supine reflux the number of distal contractions required to clear the
esophagus from acid was significantly higher compared to those with normal and mild-
moderate reflux. Apart form that, the frequency of peristaltic waves was also reduced,
resulting in markedly longer duration of reflux episodes in patient with severe supine reflux.
Sleep may impair esophageal acid clearance, but arousal from sleep ensures normal swallow
responses to acid reflux and characteristics of peristaltic contractions are not altered by the
level of consciousness (25,26).

Comparing the results of upright reflux with those of supine reflux, the number of
reflux episodes per hour in upright position is higher than in supine position. We observed
that during the supine period the episodes lasted longer than upright. However, the frequency
of distal contractions within a reflux episode was not different between the upright and supine
position. Characteristics of esophageal contractions and peristaltic sequences during supine
and upright reflux episodes did not show significant differences. Prolonged acid clearance
time during the supine period is not caused by an impaired esophageal motor response, but
more contractions/peristaltic waves are needed to clear the acid load. Timmer et al (17) also
found that supine reflux episodes lasted longer in patients than in controls, but paradoxically,
during the supine period reflux induced esophageal activity consisted of significantly more
contractions with a higher amplitude and a longer duration in patients with esophagitis than in
controls. This observation once again indicates that the longer duration of supine reflux
episodes is not caused by impaired esophageal motility but results from other factors such as
an increased acid volume load or a latency of the esophageal response to acid reflux during
supine periods.

In conclusion, evaluation of esophageal body motility in GERD patients and controls
during reflux episodes under ambulatory, physiological conditions has shown that: neither
amplitude, nor duration nor velocity of esophageal peristalsis is affected both for upright and
supine reflux episodes the frequency of distal esophageal contractions is significantly reduced
in patients with severe acid reflux during upright reflux episodes the number of contractions
to clear acid is constant among various reflux subgroups whereas during supine reflux
episodes the number is significantly higher in patients with severe acid reflux.
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