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ABSTRACT

Background: Investigate LES characteristics such as LES pressure and transient lower
esophageal sphincter relaxations (TLESRs) in patients with gastroesophageal reflux disease
(GERD) under physiological, ambulatory conditions.

Methods: Ambulatory 24 hr esophageal pH- and manometry by sphinctometer was
performed in 15 GERD patients (5 females, age 26 - 75 yrs) and 10 healthy controls (5
females, age 19 - 55 yrs). Meal ingestion and supine period (sleep) were standardized.
Results: A circadian pattern was found for LES pressure with higher LES pressure supine
(night) vs upright (day). At night but not at daytime, LES pressure was significantly (p<0.01)
lower in patients vs controls. In patients the TLESR frequency was significantly (p<0.01)
lower compared to controls, upright (3.2 + 0.2 vs 2.2 + 0.1 TLESR/h) but not supine (both
1.3 £ 0.1 TLESR/h). The percentage of TLESRs associated with reflux was significantly
higher in GERD patients versus controls (49 + 8% vs 28 + 7%; p<0.05). TLESRs were the
major reflux mechanism both in GERD patients (51%) and controls (71%).

Conclusions: A circadian pattern is observed for LES pressure and TLESR frequency. When
upright, TLESR frequency in GERD patients is significantly lower versus controls. In GERD
patients significantly more TLESRs are associated with reflux.

INTRODUCTION

In patients with gastroesophageal reflux disease (GERD), acid reflux mainly occurs
during transient lower esophageal sphincter relaxations (TLESRs) or when lower esophageal
sphincter (LES) pressure is low (1-3). TLESRs as reflux mechanisms have been studied
previously during standardized protocols but only for a limited period of several hours.
Studies on mechanisms of gastroesophageal reflux that employ ambulatory instead of
stationary conditions may better reflect normal daily routine and physiology. Results from
investigations using an ambulatory water-perfused sleeve have confirmed that in healthy
volunteers and patients with GERD, TLESRs indeed are the major mechanism of reflux (4,5).
However, other mechanisms such as a hiatus hernia, a low LES pressure or swallow induced
LES relaxations may contribute to the excess reflux (6). It has previously been suggested that
patients with GERD have an increased frequency of TLESRs compared to healthy subjects
(2,7-9). However, other investigators reported that the frequency of TLESRs is not
significantly different between patients with GERD and controls (4,5,10-13).

The sphinctometer is a solid-state catheter especially designed for recording sphincter
characteristics. It contains an oil-filled cylinder where a pressure transducer is incorporated.
In vitro studies have shown that the pressure output of the sphinctometer when recording
sphincter pressure is lower compared to water-perfused sleeve manometry (14-16).
Simultaneous recording with sphinctometer and water-perfused sleeve revealed that the
sphinctometer reliably and accurately records spontaneous LES relaxations (15-17).
However, when basal LES pressure is low as is frequently the case in GERD patients,
adjustment of the criteria for TLESR is required in order to classify these spontaneous LES
relaxations as TLESRs (16). Aim of the present study was to obtain information on diurnal
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variation in TLESRs and other reflux mechanisms by performing ambulatory 24 h
sphinctometer recording. Both patients with GERD and healthy volunteers were studied.

METHODS

Subjects

Fifteen patients with GERD (5 females; age range 26 - 75 years) and ten healthy
subjects (5 females; age range 19 - 55 years) participated in the study. GERD was proven by
endoscopy (esophagitis) and/or by 24 hour ambulatory pH-metry. Severity of esophagitis was
graded endoscopically according to criteria of Savary and Miller. Endoscopy showed
esophagitis grade 0 in 4 patients, grade | in 2 patients, grade 1l in 6 patients. A hiatal hernia
was found in 4 patients. Reflux medication was stopped at least 5 days prior to the test. None
of the healthy subjects had a history of gastro-intestinal disease or surgery or was 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,

Manometric and pH rechnique

In all subject esophageal water-perfused sleeve manometry was performed to
determine the position of upper and lower esophageal sphincter. Solid-state ambulatory
manometry (sphinctometer) was performed with an electronic catheter containing a 6 cm long
sphinctometer and five solid state pressure transducers located at 30, 18, 8, 0 and —4 cm from
the midpoint of the sphinctometer. These transducers were used for identification of swallow
signals, esophageal body motility and intragastric pressure (11). The sphinctometer is an oil-
filled silicone rubber cylinder around a solid state pressure microtransducer, 6 cm long with a
diameter of 0.4 cm. The sphinctometer had been calibrated at pressures of 0 and 50 mmHg.

The sphinctometer catheter was introduced through the nose into the esophagus and
positioned so that the sphinctometer straddled the LES. A glass pH electrode (Ingold LOT
440 continue glass reference electrode; Ingold Messtechnik AG, Urdorf, Germany) was
positioned 5 cm above the upper margin of the LES. The pH electrode had been calibrated at
pH 4.0 and 7.0. Sphinctometer and pH-catheter were connected to an ambulatory recorder
(udigitrapper Medtronic, Denmark) for continuous data recording. At the end of the test data
were transferred 1o a personal computer system for later analysis.

Study protocol

The recordings were started at 12.30-13.00 p.m. Esophageal pH and motility were
recorded simultaneously during 24 consecutive hours. After 15-30 min under basal, fasting
conditions esophageal motility was measured for three hours after ingestion of the meal (time
0 to 180 min) with subjects sitting in a comfortable chair. Meals were ingested afier the start
of the test around 13.00 h, around 18.00 h and around 9.00 h the following day. The
standardized liquid lunch consisted of 400 ml Nutridrink (Nutricia, Zoetermeer, The
Netherlands) and contained 20 g protein, 26 g fat and 72 g carbohydrates (2520 kJ). Subjects
were asked to consume the meal within 10 min. Breakfast consisted of bread with cheese or
marmalade and dinner consisted of meat, vegetables and boiled potatoes. Intake of food and
drinks with pH below 4 was restricted. Studies were undertaken under ambulatory conditions
on outpatient basis and each person was encouraged to follow the daily routine during
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registration. At home subjects were in supine position from 23.00 - 07.00 hour. The next day
subjects returned to the hospital at the end of the registration period. During the study,
periods of eating and drinking and supine position were noted in a diary.

Data analysis

Data was divided in two upright periods (13.00-23.00 hour and 07.00-13.00 hour) and
a supine period (23.00-07.00 hour). LES tracings were analyzed for LES pressure and
TLESR. The TLESR were defined according to Holloway et al (18). Based on a previous
report from our group, the following adjustments in TLESR scoring were made. During low
(< 5 mmHg) sphinctometer output registration of LES pressure, LESR with all characteristics
of TLESR but not fulfilling the above criteria concerning rate of relaxation or absolute fall in
LES pressure were also scored as TLESR when 1) an abrupt fall of LES pressure within 10
sec reached a pressure of < 3 mmHg above intragastric pressure and 2) a relaxation rate >0.3
mmHg/s with respect to the all other criteria for TLESR (16). Gastroesophageal reflux
episodes and mechanisms of reflux were scored using criteria described previously (3,18).

Statistical analysis

Data are expressed as mean £ SEM. LES pressure data were analyzed for statistical
significance using (multiple) analysis of variance. The Mann Whitney U test for comparison
of non-parametric data was used to compare results between patients and controls. A p value
of <0.05 was considered significant.

RESULTS

Lower esophageal sphincter pressure

Fasting LES pressure (at 09.00 AM) was 12 + | mmHg in controls and 11 £ 2 mmHg
in patients with GERD. The meal significantly (p<0.05) decreased LES pressure in patients
with GERD and controls up to 75 min after meal ingestion (Figure 1). LES pressure profiles
during 24-hour sphinctometer registration showed LES pressure increments in the evening
(Figure 2). In the control subjects LES pressure was significantly (p<0.05) higher during the
supine period (14 + | mmHg) compared to the upright period (10 £ 1 mmHg). In GERD
patients LES pressure in the supine period (13 £ 2 mmHg) was higher compared to the
upright period (11 + | mmHg) although not significantly. In the supine period, but not in the
upright period LES pressure was significantly (p<0.01) lower in GERD patients vs controls.
In the second upright period, LES pressure again decreased to levels in the range of the
previous day.
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Figure 1. Fasting and postprandial LES pressure in 15 patients with GERD (rhombs) and
10 healthy subjects (squares) *p<0.05 postprandial versus fasting.
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TLESR frequency profile during 24 hour sphinctometer registration is shown in
Figure 3. Fasting TLESR frequency (at 09.00 AM) was 2.5 + 0.8 TLESR/h in controls and
1.8 4+ 0.5 TLESR/h in patients with GERD. Meal ingestion significantly (p<0.05) increased
the frequency of TLESR (controls: 4.8 + 0.9 and GERD: 2.9 & 0.5 TLESR/h). The frequency
of TLESR in the upright period was significantly (p<0.05) lower in patients with GERD (2.2
4 (.1 TLESR/h) compared to controls (3.2 + 0.2 TLESR/h). During the supine period the
frequency of TLESR was not significantly different between GERD patients and controls: 1.3
+ 0.2 vs. 1.3 + 0.1 TLESR/h respectively. Both in patients and controls the number of
TLESRs was significantly (p<0.05) lower supine vs. upright. The frequency of TLESRs was
not significantly different between the first and second upright period (Table 1). The
percentage of TLESRs associated with acid reflux was significantly (p<0.05) higher in
patients with GERD compared to in controls (49 £ 8% vs. 28 & 7%).
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Figure 2. Twenty four hour continuous registration of LES pressure in 15 patients with
GERD (rhombs) and 20 healthy subjects (squares).
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Table 1. Diurnal frequency of TLESR (N/h) with comparison of upright periods and supine
period in patients with GERD and controls. Asterisks denote significant (p<0.05) differences
in the supine versus upright period. Dots denote significant (p<0.05) differences compared to
controls.

TLESR (N/h) Control GERD
13-23 hour 3.2+0.2 22£0.2
23-07 hour 1.3£02% 1.3+£0.1*
07-13 hour 3.5+0.2 1.9+ 0.3
Gastroesophageal reflux

The percentage of time with pH < 4 during 24 hr recording was significantly (p<0.05)
higher in patients with GERD (7.0 £ 2.1 %) compared to controls (3.3 £ 0.9 %). This resulted
both from a significantly higher number of reflux episodes in GERD patients vs controls (37
+ 5 vs 25 + 5 per 24 hr) and from a significantly (p<0.05) longer duration of reflux episodes
in patients with GERD versus controls (136 £ 12 sec vs 109 £ 11 sec).

Mechanisms of gastroesophageal reflux

The mechanisms of reflux in patients and controls are listed in Table 2. TLESRs and
swallow-related TLESRs are the main mechanism of reflux in control subjects (71%) and
patients with GERD (51%). In patients with GERD about half of the reflux episodes occurred
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during mechanisms of reflux other than TLESRs. Acid reflux episodes during swallow
induced LES relaxation (20% vs. 11%), absent LES pressure (8% vs. 1%) and abdominal
strain (14% vs. 3%) were increased compared to the control group. Twenty-eight episodes of
acid reflux could not be explained by any of the mechanisms of reflux described above.

Table 2. Mechanisms of gastroesophageal reflux in ten healthy controls and fifteen patients

with GERD registered with sphinctometer.

Mechanism of reflux Control GERD
TLESR 152 (63 %) 197 (37 %)
Swallow related TLESR =10 sec 20 (8 %) 77 (14 %)
Swallow induced LESR 26 (11 %) 108 (20 %)
LES pressure drift 11 (5 %) 31 (6%)
Absent LES pressure 4(1 %) 42 (8 %)
Abdominal strain 8(3 %) 75 (14 %)
Unknown, other 22 (9 %) 6 (1 %)
Total 243 (100%) 536 (100%)

Figure 3. Twenty four hour continuous registration of TLESR (n/h) in 15 patients with GERD
(rhombs) and 10 control subjects (squares).
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DISCUSSION

Ambulatory 24 hour sphinctometer recording of LES pressure has shown diurnal
variations with higher LES pressure during the supine period compared to upright periods
both in controls and patients with GERD. In the upright periods the frequency of TLESRs
was significantly lower in GERD patients compared to controls. This is the first report on
prolonged ambulatory TLESR recording with the sphinctometer in controls and GERD
patients. We confirm the results of others (4-6) using 24 hr ambulatory sleeve recording that
TLESRs are the major mechanism of reflux in ambulatory healthy subjects and in patients
with GERD.

LES pressure showed a diurnal pattern with increases during the evening resulting in
higher LES pressure in the supine nighttime period compared to upright periods. Identical
diurnal patterns have been described in studies with water-perfused sleeve manometry in
recumbent asymptomatic subjects and patients with reflux esophagitis (1,2). LES pressure is
influenced by body position. LES pressure was found to be higher in horizontal position
compared to vertical position (19). However, other investigators did not observe an influence
of body position on LES pressure (20,21). Sleep may also increase LES pressure, with
pressure depending on the stage of sleep (22). Our twenty-four hour pressure profiles suggest
a diurnal variation in LES pressure with elevated LES pressure during nighttime compared to
daytime, although the influence of body position and sleep in our study cannot be separated.
An elevated LES pressure at nighttime/supine position strengthens the barrier at the
esophagogastric junction and therefore prohibits gastroesophageal reflux.

The frequency of TLESRs varied markedly during the day. Postprandially the number
of TLESRs increased, resulting from gastric distention induced by the meal and from meal
composition. During the supine period the frequency of TLESRs was significantly lower
compared to upright periods. Body posture influences the frequency of TLESRs with
significantly lower numbers of TLESRs in the supine position compared to upright/vertical
body position (19-21). TLESRs are also inhibited by sleep with a diminished TLESR
frequency especially during sleep stage 4 compared to the awake state (22). The differences
in TLESR frequency we observed between day and night may therefore not only result from
differences in body position but also from sleep. Because we did not register sleep by
electroencephalogram, we cannot differentiate whether the changes in TLESRSs results from
supine position per se or from sleep.

Results on TLESRs obtained with ambulatory recordings are in line with data from
stationary esophageal manometry using a water-perfused sleeve device (1,2). Studies
comparing sleeve with sphinctometer technique have shown that the sphinctometer slightly
underestimates TLESR frequency compared to the sleeve (15,16). During low LES pressure
spontaneous LES relaxations are not scored because they do not meet the criteria for TLESR
(13). In the present study we have included for TLESR analysis the tracings with low (<5
mmHg) LES pressure. Although we analyzed sphinctometer tracings with low LES pressure
with adjusted criteria (16), thereby increasing the number of TLESRs scored, the frequency
of TLESRs in reflux patients in our study (2.2 £ 0.1/h for GERD; 3.2 £+ 0.2/h for controls) are
in the same range as the data obtained with other ambulatory studies. We have previously
shown during simultaneous measurement that sphinctometer and sleeve correlate very well
with respect to TLESR detection (16). Therefore results from studies obtained with these
techniques can be compared and were found to be in the same range.
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TLESR account for about half of the acid reflux episodes in patients with GERD. We
have shown that the contribution of "absent LES pressure”, "abdominal straining" and "reflux
during swallow-induced LES relaxations" as reflux mechanisms for acid reflux is increased
in patients with GERD. Van Herwaarden et al (6) reported that excess reflux in GERD
patients with hiatus hernia compared to those without hiatus hernia is caused by mechanisms
other than TLESR such as low LES pressure, swallow-associated normal LES relaxation,
deep inspiration and straining. In the present study four of the ten patients with GERD had a
hiatal hernia. In patients with a hiatal hernia 39% of all reflux episodes occurred during
TLESRs while in patients without a hiatal hernia TLESRs were responsible for a much higher
percentage of 58% of all reflux episodes. Mechanism of reflux may differ according to the
type of reflux patient. On the one end are subjects with a sufficient gastroesophageal (normal
LES pressure) barrier who may have reflux predominantly through TLESRs versus on the
other end subjects with low LES pressure and a hiatal hernia in whom gastroesophageal
reflux predominantly occurs through non-TLESR mechanism.

Acid reflux is higher in patients with GERD due to several factors: increased number
of reflux episodes, increased postprandial frequency of TLESRs, increased frequency of
TLESR associated with acid reflux, and prolonged duration of reflux episodes. In the present
study patients with GERD did not have an excess rate of TLESRs compared to controls. The
duration of reflux episodes was only slightly increased compared to controls. However, a
significantly higher percentage of TLESRs in the GERD patients was associated with reflux.
In addition, mechanisms of reflux other than TLESRs accounted for the excess reflux in
patients with GERD.

Simultaneous ambulatory esophageal (LES) manometry and pH recording may help to
clarify mechanisms of acid reflux. Studies with the sphinctometer may improve our
knowledge on pathophysiology of reflux, LES function and mechanisms of action of medical
and surgical interventions in GERD patients. Compared to the water-perfused sleeve system
(4,23), the sphinctometer is a compact, low weight equipment to study LES profiles. It
should, however, be noted that LES pressure output of the sphinctometer is lower compared
to output of a water-perfused sleeve. The sphinctometer is therefore not the ideal instrument
to determine absolute LES pressure (16).

In conclusion: prolonged 24 hour ambulatory recording of the LES by
sphinctometer has revealed that 1) circadian LES pressure profiles exist with elevated LES
pressure during the supine/sleep period in control subjects but not in GERD patients. 2)
TLESR frequency has a circadian profile both in controls and GERD patients. 3) TLESR
frequency is not increased in GERD patients vs controls. 4) TLESR are the major mechanism
of acid reflux in controls and patients with GERD.

125




—_——

Chapter 10 Sphinctometer recording in GERD

REFERENCES

1. Dent J, Dodds W1, Friedman RH, Sekiguchi T, Hogan WJ, Amdorfer RC et al. Mechanism of
gastroesophageal reflux in recumbent asymptomatic human subjects. J Clin Invest 1980;
65:256-267.

2. Dodds WJ, Dent J, Hogan WJ, Helm JF, Hauser R, Patel GK, et al. Mechanisms of
gastroesophageal reflux in patients with reflux esophagitis. N Engl J Med 1982;
307:1547-1552.

3. Mittal RK, Holloway RH, Penagini R, Blackshaw LA, Dent J. Transient lower esophageal
sphincter relaxation. Gastroenterology 1995; 109:601-610.

4. Schoeman MN, Tippett MD, Akkermans LM, Dent J, Holloway RH. Mechanisms of
gastroesophageal reflux in ambulant healthy human subjects. Gastroenterology 1995;
108:83-91.

5. Penagini R, Schoeman MN, Dent J, Tippett MD, Holloway RH. Motor events underlying
gastroesophageal reflux in ambulant patients with reflux oesophagitis. Neurogastroenterol
Mot 1996; 8 131-141.

6. Van Herwaarden M, Samsom M, Smout AJPM. Excess gastroesophageal reflux in patients
with hiatus hernia is caused by mechanisms other than transient LES relaxations.
Gastroenterology 2000; 119:1439-1446,

7. Holloway RH, Kocyan P, Dent J. Provocation of transient lower esophageal sphincter
relaxations by meals in patients with symptomatic gastroesophageal reflux. Dig Dis Sci
1991;36:1034-1049.

8. Penagini R, Bianchi PA. Effect of morphine on gastroesophageal reflux and transient lower
esophageal sphinter relaxation. Gastroenterology 1997;113:409-414,

9. Holloway RH, Lyrenas E, Ireland A, Dent J. Effect of intraduodenal fat on lower oesophageal
sphincter functions and gastro-oesophageal reflux. Gut 1997;40:449-453,

10. Mittal RK, McCallum RW. Characteristics and frequency of transient relaxations of the lower
esophageal sphincter in patients with reflux esophagitis. Gastroenterology 1988;95,593-599.,

11. Penagini R, Mangano M, Bianchi PA. Effect of increasing the fat content but not the energy
load of a meal on gastroesophageal reflux and lower oesophageal sphincter motor function.
Gut 1998:42:330-333.

12. Wong WM, Lai KC, Hui WM, Hu WHC, Huang JQ, Wong NYH, Xia HHX, Chan OO, Lam
SK, Wong BCY. Pathophysiology of gastroesophageal reflux diseases in Chinese - Role of
transient lower esophageal sphincter relaxation and esophageal motor dysfunction. Am J
Gastroenterol 2004;99:2088-2093.

13, Trudgill NJ, Riley SA. Transient lower esophageal sphincter relaxations are no more frequent
in patients with gastroesophageal reflux disease than in asymptomatic volunteers. Am J
Gastroenterol 2001:96:2569-2574.

14. Gotley DC, Barham CP, Miller R, Amold R, Alderson D. The sphinctometer: a new device
for measurement of lower oesophageal sphincter function. Br J Surg 1991; 78:933-935.

15. Pehlivanov N, Liu J, Arora T, Yamamoto Y, Mittal RK. Lower esophageal sphincter
monitoring with sphinctometer: in vitro and in vivo studies. Am J Physiol 1999; 277:G577-
G584,

16. Straathof JWA, Liichtenborg M, Lamers CBHW, Masclee AAM. Comparison of two
techniques for lower esophageal sphincter manometry: sleeve and sphinctometer.
Neurogastroenterol Motil 2004; 16:265-268,

17. Trudgill NJ, Riley SA. Monitoring the lower esophageal sphincter - sphinctometer or sleeve.
Neurogastroenterol Motil 1999; 11:173-178.

18. Holloway RH, Penagini R, Ireland AC. Criteria for objective definition of transient lower
esophageal sphincter relaxation. Am J Physiol 1995; 268:G128-G133.

126




Chapter 10 Sphinctometer recording in GERD

19. Freidin N, Mittal RK, McCallum RW. Does body posture affect the incidence and mechanism
of gastro-oesophageal reflux? Gut 1991;32:133-136.
20, Ireland A, Dent J, Holloway RH. The role of head position in the postural control of transient
lower oesophageal sphincter relaxations and belching. Gullet 1992;2:81-84,
21. Ireland A, Dent J, Holloway RH. Preservation of postural control of transient lower
oesophageal sphincter relaxations in patients with reflux oesophagitis. Gut 1999;44:313-316.
22, Freidin N, Fisher MJ, Taylor W, Boyd D, Suratt P, McCallum RW, Mittal RK. Sleep and
nocturnal acid reflux in normal subjects and patients with reflux oesophagitis. Gut 1991;
32:1275-1279.
. Van Herwaarden MA, Samsom M, Akkermans LMA, Smout AJPM. Prolonged recording of
oesophageal and lower oesophageal sphincter pressure using a portable water-perfused
manometric system. Neurogastroenterol Mot 2001:13:111-119,

[
=]

127




Chapter 10 Sphinctometer recording in GERD

128




