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Background & Aims: Gastroesophageal reflux can be
acid, nonacid, pure liquid, or a mixture of gas and liquid.
We investigated the prevalence of acid and nonacid
reflux and the air-liquid composition of the refluxate in
ambulant healthy subjects and patients with reflux dis-
ease (GERD). Methods: Twenty-four-hour ambulatory
recordings were performed in 30 patients with symp-
tomatic GERD and erosive esophagitis and in 28 con-
trols. Esophageal pH and impedance were used to iden-
tify acid reflux (pH drop below 4.0), minor acid reflux (pH
drop above 4.0), nonacid reflux (pH drop less than 1
unit + liquid reflux in impedance), and gas reflux.
Results: The total rate of gastroesophageal reflux epi-
sodes was similar in patients and controls. Patients with
GERD had a higher proportion (45% vs. 33%) and rate of
acid reflux than controls (21.5 [9-35]/24 h vs. 13 [6.5-
21]1/24 h; P < 0.05). One third of reflux events was
nonacid in both groups. Mixed reflux of gas and liquid
was the most frequent pattern with gas preceding liquid
in 50%-80% of cases. Pure liquid reflux was more often
acid in patients with GERD than controls (45% vs. 32%;
P < 0.05). Conclusions: Reflux of gastric contents was
similarly frequent in patients with GERD and controls.
Although there was no difference in the overall number
of reflux episodes, more acidic reflux occurred in symp-
tomatic patients with GERD, suggesting differences in
gastric acid secretion or distribution.

t is generally accepted that patients with gastroesoph-
Iageal reflux disease (GERD) have more acid reflux
episodes than healthy subjects.’=> Up to now, concepts
about the frequency of gastroesophageal reflux and efh-
ciency of the antireflux barrier have been based on infer-
ences derived from measurement of esophageal pH and
manometric markers of reflux such as the common cav-

ity.°~!! Gastric fundic contents may have variable acidity
and composition depending on the gastric secretory sta-
tus, the time after the meal, and/or the distribution of
gastric contents. Thus the refluxate may be acid, nonacid,
liquid, or gas.!?

Until recently, information about the composition of
the refluxate has been limited to acid and bile because
specific markers of nonacid liquid and gas reflux have not
been available. In combination with pH monitoring,
recording of esophageal intraluminal electrical imped-
ance can distinguish between acid and nonacid liquid
and gas gastroesophageal reflux.'>-'7 Using this approach
in normal adult subjects in resting sitting position, we
have shown recently that transient lower esophageal
sphincter (LES) relaxations were the main mechanism for
both acid and nonacid gastroesophageal reflux.'?> A sub-
sequent study in patients with GERD showed no signif-
icant differences from normal subjects in rate of transient
LES relaxations and total number of reflux events, but
patients with reflux disease had more acid reflux, less
nonacid reflux, and a higher proportion of pure liquid
reflux compared with healthy subjects.!”

The gastric distribution of gas, liquids, and solids is
highly influenced by the body position, which might in
turn modify the air-liquid patterns of reflux. In resting
sitting subjects, at least half of acid reflux episodes are
associated with reflux of gas.'?>~'7 However, a significant
proportion of reflux episodes was either pure liquid or
mixed reflux of liquid and gas with liquid preceding the
gas, suggesting that acid reflux can be a primary event
rather than a consequence of belching. Our previous

Abbreviations used in this paper: GERD, gastroesophageal reflux
disease; LES, lower esophageal sphincter.
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studies, however, were performed postprandially in rest-
ing sitting subjects. This is not representative of the
normal pattern of posture during the day, which involves
periods of recumbency and upright physical activity as
well as sitting. Posture has been shown to have a signif-
icant effect on patterns of reflux'8-2% as well as on lower
esophageal sphincter function.”-?4-26 Physical activity
also increases the degree of reflux.?’-3! It is possible,
therefore, that patterns of acid and nonacid, or gas and
liquid, reflux under ambulatory conditions might differ
from those under stationary conditions.

The aims of this study were to investigate the preva-
lence of acid and nonacid gastroesophageal reflux and the
air-liquid composition of the refluxate under ambulatory
conditions in normal healthy subjects and patients with
GERD.

Materials and Methods
Subjects

Ambulatory 24-hour combined esophageal pH and
impedance recordings were performed in 28 healthy controls
(16 men, 12 women; median age, 31 years; range, 21—-68
years) and in 30 patients with GERD (19 men, 11 women;
median age, 45 years; range, 1973 years). All the patients had
erosive esophagitis (Savary—Miller grade I, 14 patients; grade
II, 8 patients; grade III, 3 patients); 5 patients had uncompli-
cated Barrett’s esophagus. Twelve patients had a hiatus hernia
proven by endoscopy. None of the patients had undergone
previous gastrointestinal surgery or was taking medication
known to influence esophageal motor function. Acid suppres-
sion medication was stopped at least 1 week before the study.
In 4 patients, therapy was interrupted 72 hours before the
study. The study was approved by the University Hospital
Ethics Committee and written informed consent was obtained
from all subjects.

Intraluminal Electrical Impedance and pH

Intraluminal electrical impedance was recorded with a
2.3-mm diameter polyvinyl assembly containing a series of
cylindrical electrodes, each 4 mm in axial length and spaced at
2-cm intervals. Each pair of electrodes formed a measuring
segment, 2 cm in length, corresponding to 1 recording chan-
nel. Esophageal pH was measured with antimony pH elec-
trodes incorporated into the assembly. The combined assembly
included 1 pH sensor to be located 5 cm proximal to the LES
and 4 impedance segments spanning the distal and midesopha-
geal body (Figure 1).

The pH-impedance assembly was connected to a portable
device that contained the pH amplifiers and impedance-volt-
age transducers that delivered a measuring current of 3 pamps
at a frequency of 1000—-1600 Hz (prototype developed by Prof.
Jiri Silny at the Helmholtz-Institute for Biomedical Engineer-
ing, Unit of Technology, Aachen, Germany). The pH and
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Figure 1. Schematic representation of the recording assembly. The
catheter included 1 pH sensor located 5 cm proximal to the LES and
4 impedance segments spanning the distal and midesophageal body.

impedance signals were recorded by a separate digital datalog-
ger that sampled the analog signals at 200 Hz per channel
(GSM, Filderstad-Bonlanden, Germany). Before the start and
at the end of the recording, the pH electrodes were calibrated
using pH 1.0 and pH 7.0 buffer solutions.

Study Protocol

The subjects were studied after an overnight fast of at
least 10 hours. Before the ambulatory study, all subjects
underwent a stationary esophageal manometry to determine
the location of the LES. After the stationary manometry, the
combined pH-impedance assembly was passed through the
nose under topical anesthesia and positioned with the proximal
pH electrode at 5 ¢cm above the LES. In this position, the
midpoints of the impedance recording segments were located
at 1, 3, 5, and 13 cm proximal to the LES.

During the 24-hour study, the subjects were in the upright
position during the day and were allowed free movement and
1 recumbent period. All subjects had 3 standardized liquid
meals, each consisting of a 400-mL nutrient drink (600 kcal,
13% protein, 39% carbohydrate, 48% fat; Nutridrink; Nutri-
cia, Netherlands). The liquid meal was chosen to promote
homogeneous mixing of gastric contents. The subjects were
instructed to fill out a diary indicating the times of the meals
and supine position.

Data Analysis

The 24-hour pH-impedance recording was uploaded
into a personal computer and displayed on a single screen for
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Figure 2. Tracings of concurrent esophageal impedance and esophageal pH. (A) Traditional acid reflux, mixed gas-liquid. Esophageal pH falls
from above to below pH 4. The impedance tracing shows an initial abrupt rise indicative of gas reflux followed by a very fast retrogradely
propagated drop consistent with liquid reflux. (B) Minor acid reflux, mixed gas-liquid. Esophageal pH falls more than 1 pH unit but remains above
4. The impedance tracing shows an initial abrupt rise indicative of gas reflux followed by a very fast retrogradely propagated drop consistent with
liquid reflux. (C) Nonacid reflux, pure liquid. The impedance tracing shows a retrogradely propagated drop consistent with liquid reflux. There is

no significant esophageal pH change. SW, swallow.

computer-assisted manual analysis, using a dedicated software
program (Review; A Andrioli, K.U. Leuven, Belgium). The
pH recording was analyzed for reflux episodes. All abrupt falls
in pH (within a time frame of 8 seconds) of at least 1 pH unit
were identified and counted. Falls in pH were classified as
“traditional” acid reflux if pH fell below 4 for at least 4 seconds
or, if pH was already below 4, as a decrease of at least 1 pH
unit sustained for more than 4 seconds (Figure 2A). Minor acid
reflux was defined as a pH drop of at least 1 pH unit sustained
for more than 4 seconds with the basal pH remaining above 4
(Figure 2B). Reflux was judged to be nonacid when there was
impedance evidence of reflux but the pH drop was less than 1
pH unit (Figure 2C).

The impedance recording was analyzed on the basis of

14-16 and our valida-

previous studies in the human esophagus
tion studies.'? Liquid reflux was defined as a sequential orally
progressing drop in impedance to less than 40% of the baseline
values starting distally at segment 4 (1-3 cm above LES) and
propagating retrogradely to at least the next 2 more proximal
measuring segments (Figure 2C). Gas reflux was defined as a
rapid (3 kohms/sec) increase in impedance, occurring simulta-
neously in at least 2 esophageal measuring segments, in the
absence of swallowing (Figure 2A and B). For each reflux
episode as determined by pH and/or impedance, the associated
gas-liquid pattern was classified as: (1) mixed reflux of liquid
and gas or (2) pure liquid reflux. Pure gas reflux (belches) were
not included in the reflux analysis. The proximal extent of each
reflux event was evaluated from the impedance tracings. The
percent of reflux episodes that reached the impedance segment

1, located 13 c¢m proximal to LES, was calculated in each
subject.

To analyze a possible relationship between severity of reflux
disease and different patterns of reflux, patients were divided
based on the endoscopic finding into 2 groups: patients with
mild reflux disease who exhibited erosive esophagitis (Savary—
Miller grade I, 14 patients), and patients with severe reflux
disease who had evidence of esophagitis grade II, grade III,
and/or Barrett’s esophagus (16 patients). Patients were also
divided based on their predominant symptom into 2 groups:
patients with typical esophageal symptoms, heartburn, and/or
regurgitation (22 patients), and patients with predominant
extraesophageal symptoms, laryngitis, nocturnal cough, and/or
hoarseness (8 patients).

Statistical Analysis

Data for each variable were determined for each patient
and medians (interquartile range) calculated for each group.
The rates of reflux episodes and the frequency of different
impedance/pH patterns of reflux in controls and patients with
reflux disease were analyzed and compared using unpaired
Mann—Whitney U test. The Fisher exact test was used to
compare differences between proportions, and the Kruskal—
Wallis test followed by Dunn’s multiple comparisons test were
used to assess the influence of severity of reflux disease and
hiatal hernia on reflux patterns. A P value of < 0.05 was
considered to be significant.
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Figure 3. Frequency distribution of total number of gastroesophageal
reflux episodes in healthy subjects (O) and patients with mild (A) and
severe (@) reflux disease (GERD).

Results

The impedance-pH probe was well tolerated and
comparably to other pH and manometry assemblies used
for ambulatory pH measurements. The total recording
time was 23.2 (22.7-23.6) hours in controls and 23.5
(22.8-24) hours in patients with reflux disease. Meal
periods (3 periods of approximately 15 minutes) were
excluded from the analysis. The impedance recordings
showed a stable baseline in each measuring segment. The
main difficulties in interpretation of impedance tracings
were accumulation of air in the proximal esophagus and
low baseline impedance values in the more distal esoph-
agus in patients with Barrett’s esophagus.

When all gastroesophageal reflux events are considered
(traditional acid, minor acid, and nonacid reflux), the
total rate of reflux episodes was not significantly different
in patients with reflux disease (46 [25-641/24 hours)
compared with controls (39.5 {32—-531/24 hours) (Figure
3). However, patients with reflux disease had a signifi-
cantly higher rate of traditional acid reflux (21.5 [9-35V/
24 hours vs. 13 {6.5-211/24 hours; P < 0.05) (Figure 4).
Furthermore, the proportion of traditional acid reflux
from the total number of reflux episodes was higher in
patients with reflux disease compared with controls (45
[35%—-56%1 vs. 33 [24%—45%1;, P < 0.05). The dura-
tion of traditional acid reflux was significantly longer in
patients with reflux disease compared with controls (44.6
[23-771 vs. 23.9 [14—43} seconds; P < 0.05). There
were no differences among the rates and proportions of
traditional acid, minor acid, and nonacid reflux episodes
in healthy controls. In patients with reflux disease, how-
ever, the rate and proportion of traditional acid reflux
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Figure 4. Frequency distribution of the different types of gastroesoph-
ageal reflux episodes (traditional acid, minor acid, and nonacid) in
healthy subjects (O) and patients with mild (A) and severe (®) GERD.
*P < 0.05 vs. controls; #P < 0.05 vs. minor and nonacid reflux.

were significantly higher than those of minor acid and
nonacid reflux (Figure 4 and Table 1).

Patterns of Gas and Liquid Reflux

Impedance changes associated with traditional
acid reflux. In healthy subjects, the majority (82%
[68%-92%1) of traditional acid reflux episodes were
associated with impedance evidence of mixed reflux of
liquid and gas. Likewise, in patients with reflux disease,
mixed reflux was predominant, but it was less frequent
(68% [50%—84%1, P < 0.05) than in controls and the
proportion of pure liquid reflux (31.5% [16%—49%1)
was higher than in controls (17 {6.5%—-26%1; P < 0.05)
(Figure 5).
During mixed traditional acid reflux, gas reflux fre-
quently preceded reflux of liquid in both groups, but this
pattern was significantly more frequent in patients

Table 1. Proportion of Different Types of Gastroesophageal
Reflux and the Air-Liquid Pattern of Total Reflux
During the 24-Hour Recording

Controls Patients
(N = 28) (N = 30)
% Time pH < 4 1.3+ 0.3 3.4 + 0.5
Total reflux
% Traditional acid 33 (24-45) 45 (35-56)%a°
% Minor acid 29 (23-38) 25 (16-33)%
% Nonacid 33 (25-47) 28 (18-39)
Total reflux
% Liquid reflux 48 (33-51) 8 (27-52)
% Mixed reflux 52 (49-66) 2 (48-73)
% Gas-liquid 70 (50-85) 6 (64-89)
% Liquid-gas 30 (15-50) 4 (10-35)

ap < 0.05 vs. controls.
bp < 0.05 vs. minor acid and nonacid reflux.
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Figure 5. Proportion of different impedance patterns of pure liquid
and mixed refluxate during traditional acid, minor acid, and nonacid
reflux in healthy controls and patients with GERD. *P < 0.05 vs.
controls; #P < 0.05 vs. traditional acid reflux.

(84.5% [69%—97%1) with reflux disease than in controls
(50% [33%—89%};, P < 0.05) (Figure 5).

Impedance changes associated with minor acid
reflux. Minor acid reflux was predominantly mixed re-
flux of liquid and gas in controls (58.5% {45%—77%} of
events) and in patients (67% [46%—80%] of events).
The air-liquid pattern of minor acid reflux did not differ
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significantly between controls and patients. However, in
controls, but not in patients, minor acid reflux was more
frequently pure liquid than was traditional acid reflux
(Figure 5).

Impedance changes associated with nonacid re-
flux. Nonacid reflux contained pure liquid more fre-
quently than did traditional acid reflux (Figure 5). For
mixed reflux, there were no differences in air-liquid
composition between controls and patients with reflux
disease (Figure 5).

Impact of Age, Severity of Reflux Disease,
and Hiatus Hernia on Patterns of Reflux

There was no influence of age on the frequencies
of acid and nonacid reflux or the air-liquid patterns of
refluxate. Neither severity of esophagitis nor presence of
hiatus hernia influenced the relative distribution of acid
and nonacid reflux. During traditional acid reflux, pa-
tients with more severe esophagitis and hiatus hernia had
the highest percent of liquid refluxate, and during mixed
reflux they had the highest prevalence of reflux of gas
preceding reflux of liquid. However, there were no sta-
tistically significant differences between patients with
mild and severe reflux disease or between those with and
without hiatus hernia (Table 2).

Proximal Extent of Reflux

The proportion of traditional acid reflux episodes
in which the refluxate reached the most proximal imped-
ance segment did not differ between controls and pa-
tients but was significantly greater than that for nonacid
reflux episodes both in controls (48% {[16%—62%1 vs.
21% {2%—-41%1, P < 0.05) and in patients with reflux

Table 2. Impact of Age, Severity of Reflux Disease, and Hiatus Hernia on Patterns of Reflux

Patients with reflux disease

Age Severity Hiatus hernia
<35 years >55 years Mild GERD Severe GERD No Yes
(N=17) (N=8) (N = 14) (N = 16) (N =18) (N =12)
All reflux (events/24 h) 52 (33-72) 46 (28-75) 47.5 (28-58) 46 (22-69) 51 (32-63) 36 (21-65)
% Traditional acid 56 (48-69) 46 (37-58) 45 (35-56) 44 (35-56) 45 (35-56) 44 (38-56)
% Minor acid 18 (10-27) 27 (22-35) 26 (17-31) 25 (15-37) 25 (19-33) 23 (11-35)
% Nonacid 20 (19-48) 23 (16-40) 26 (19-34) 27 (16-42) 28 (19-37) 24 (16-40)
All reflux
% Liquid reflux 35 (24-54) 38 (28-52) 35 (22-52) 44 (30-52) 35 (24-54) 48 (33-51)
% Mixed reflux 65 (50-80) 62 (49-76) 65 (47-77) 56 (48-69) 64 (46-76) 51 (48-66)
% Gas-liquid 78 (72-90) 74 (68-92) 70 (64-86) 85 (66-90) 76 (64-90) 77 (64-89)
% Liquid-gas 22 (13-33) 26 (10-37) 30 (13-35) 15 (9.5-34) 24 (9.5-35) 22 (11-36)
Traditional acid reflux
% Liquid reflux 41 (17-52) 40 (22-51) 24 (14-47) 36 (21-51) 23 (14-46) 43 (24-54)
% Mixed reflux 59 (53-87) 60 (51-82) 75.5 (53-85) 64 (48-78) 77 (53-86) 57 (46-75)
% Gas-liquid 91 (79-100) 85 (69-100) 77 (62-88) 89 (76-100) 77 (62-91) 91 (82-100)
% Liquid-gas 9 (2.5-32) 15 (3-35) 23 (11-38) 10.5 (0-24) 23 (8.5-38) 8.5 (0-17)
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Table 3. Effect of Body Position on Patterns of Reflux
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Controls Patients
Upright Supine Upright Supine
All reflux 2.6 (1.9-3.3)/h 0.4 (0.2-0.8)/h 2.6 (1.4-3.8)/h 0.5 (0.1-0.8)/h
% Traditional acid 34 (25-45) 0 (0-28) 46 (35-58)2 38 (7-79)2
% Minor acid 27.5 (20-38) 29 (0-40) 7 (17-34) 8 (0-20)2
% Nonacid 32.5 (19-46) 58 (36-79) 24 (16-35) 3 (10-75)
Traditional acid reflux 0.8 (04-1.4)/h 0 (0-0.2) 1 2 (0.5-2.3) 0. 17 (0-0.5)2
% Liquid reflux 36 (9-50) 62 (16-91) 6 (13-47) 7 (50-100)
% Mixed reflux 64 (62-93) 38 (8-83) 74 (52-86) 3 (0-50)
% Gas-liquid 68 (50-84) 100 (100-100) 85 (73-100)2 lOO (75-100)
% Liquid-gas 32 (16-50) 0 (0-0) 15 (0-26) 0 (0-25)
Minor acid reflux 0.6 (0.3-1.1)/h 0.1 (0-0.2)/h 6 (0.3-1)/h 0 (0-0.1)/h
% Liquid reflux 38.5 (14-53) 60 (0-100) 31 (16-50) 100 (0-100)
% Mixed reflux 61.5 (48-87) 40 (0-100) 68 (48-83) 0 (0-100)
% Gas-liquid 56 (32-84) 100 (100-25) 75 (50-93) 100 (50-100)
% Liquid-gas 44 (15-67) 0 (0-75) 25 (13-50) 0 (0-50)
Nonacid reflux 0.6 (0.4-1.1)/h 0.26 (0-0.4)/h 0.6 (0.4-0.8)/h 0.17 (0-0.3)/h
% Liquid reflux 44 (25-55) 100 (75-100) 41 (27-55) 00 (63-100)
% Mixed reflux 56 (44-74) 0 (0-30) 59 (44-72) 0 (0-36)
% Gas-liquid 85 (63-100) 100 (100-100) 82 (41-100) 100 (0-50)
% Liquid-gas 15 (0-40) 0 (0-25) 15 (0-52) 0 (0-50)

apP < 0.05 vs. control.

disease (48% [29%—72%1 vs. 31% {[20%—47%Y;, P <
0.05). Minor acid and nonacid reflux events had higher
proximal extent in patients than in controls (49% [28%—
64%% vs. 29.5% [0%—52%1; P < 0.05 and 31% [20%—
47%71 vs. 21% [2%—41%]}, respectively). Nonacid reflux
had the lowest proximal extent in both groups. The
severity of esophagitis and the presence of hiatal hernia
did not affect the proximal extent of reflux.

Recumbent Position and Patterns of Reflux

The rate of total reflux events in recumbent position
was similar in controls (0.4 [0.2—0.8Vhour) and patients
with reflux disease (0.5 [0.1-0.8}hour). However, patients
with reflux disease had a significantly higher rate of recum-
bent traditional acid reflux than did controls (0.17 [0—-0.5Y
hour vs. 0 {0—0.2}hour; P < 0.05). In controls, almost all
recumbent reflux episodes were nonacid or minor acid; in
contrast in patients with reflux disease (38% {7%—79%]1) of
recumbent reflux episodes were traditional acid (P < 0.05
vs. control).

The air-liquid pattern of recumbent reflux differed sig-
nificantly from that observed during upright reflux (Table
3). Whereas in upright reflux more than 60% of episodes
were mixed reflux of liquid and gas, the majority (80%) of
recumbent reflux events were pure liquid. There were no
significant differences in air-liquid patterns of supine reflux
between patients with reflux disease and controls.

Liquid Reflux: Acid vs. Nonacid

In patients with reflux disease, pure liquid reflux
was more frequently traditional acid than in controls.

When all pure liquid reflux events were pooled together,
249 of 548 (45%) episodes were traditional acid reflux in
the patients group compared with 164 of 512 (32%)
observed in the healthy controls (P < 0.05). However,
there were no differences in the proportions between
minor acid reflux (23% vs. 29%) and nonacid reflux
(32% vs. 39%).

During the first postprandial hour after the first meal
(at noon), impedance evidence of liquid gastroesophageal
reflux (with and without air) was found with a similar
frequency in patients with reflux disease and controls (5
[3.5-7.5Vhour vs. 5.5 {3—7}/hour). The proportions of
traditional acid (28% vs. 29%), minor acid (32% vs.
31%), and nonacid reflux (40% vs. 40%) did not differ
between patients and controls.

Predominant Symptoms and Patterns
of Reflux

Patients with predominant extraesophageal symp-
toms (laryngitis, nocturnal cough, or hoarseness) had
similar patterns of acid, nonacid, and gas and liquid
reflux than those with predominant heartburn and re-
gurgitation (Table 4).

Discussion

This is the first study using ambulatory 24-hour
recording of concurrent intraesophageal pH and imped-
ance in healthy subjects and patients with reflux disease.
We aimed to analyze the prevalence of acid and nonacid
reflux and the air-liquid patterns of the refluxate in
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Table 4. Patterns of Reflux in Patients With Predominant
Atypical GERD Symptoms

Typical Atypical
symptoms symptoms
(N = 22) (N = 8)
All reflux (events/24 h) 55.5 (38-76) 44 (21-58)
% Traditional acid 51.6 (47-58) 42 (33-53)
% Minor acid 25 (20-28) 26 (12-38)
% Nonacid 19 (16-25) 29 (19-42)
Traditional acid reflux
Proximal extent % events
to LES-13 45 (26-69) 63.5 (38-73)
% Liquid reflux 24 (18-41) 37 (15-52)
% Mixed reflux 76 (58-82) 63 (48-84)
% Gas-liquid 89 (77-55) 82 (63-100)
% Liquid-gas 11 (5-23) 18 (0-37)

patients with reflux disease taking into account the ef-
fects of daily physical activity. The results are in part
consistent with our previously published reports using
stationary postprandial manometry—pH-impedance!?!”
and confirms that, compared with controls, patients with
reflux disease have a similar total rate of reflux episodes
but a significantly higher rate and proportion of more
acidic reflux events, a higher proportion of pure liquid
acid reflux, and a liquid reflux that is more likely to be
acid. Nonacid reflux represents one third of all gastro-
esophageal reflux events in healthy subjects and patients
with reflux disease. In contrast to the previous stationary
studies, however, reflux of liquid followed reflux of gas in
half of the events in normals and most of the events in
patients with reflux disease. These findings support the
notion that some acid reflux may be the consequence of
belching.

It is generally accepted that normal subjects with a
“competent” antireflux barrier may have a few physio-
logic acid reflux episodes,-3?> whereas patients with reflux
disease have more reflux events!~> suggesting an “incom-
petent” antireflux barrier.?334 The total rate of acid reflux
episodes, however, has not been widely adopted as a
measure of reflux disease because of its poor reproduc-
ibility,>> poor correlation with severity of esophagitis,’
and difficulty in defining a reflux episode.>® Neverthe-
less, this variable is an important indicator of the com-
petence of the antireflux barrier and is therefore relevant
when evaluating the effect of therapies directed at im-
proving the antireflux barrier function. Theoretically, a
failure of the antireflux barrier would allow for reflux of
any available fundic content regardless of its pH, and
surgical or pharmacologic intervention on the gastro-
esophageal junction area should prevent any type of
reflux.

In this study, combining pH and impedance record-
ings permitted the identification of reflux events of high,
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moderate, and no acidity. Contrary to the popular view,
patients with reflux disease did not have an increased
total number of reflux episodes, confirming our previous
finding in patients studied in resting sitting position
during the postprandial period.!” The lack of increased
number of total reflux events in these patients argues
against a severe and fundamental “incompetence” of their
antireflux barrier.

It is possible that the size and composition of the meal
might have influenced the absolute number of reflux
events. Both controls and patients with reflux disease had
fewer acid reflux events compared with ambulatory pH
studies using mixed liquid-solid meals. The liquid meal
used might be a less intense refluxogenic stimulus in
both groups. However, even with a lower refluxogenic
effect, patients with reflux disease had significantly more
traditional acid reflux than controls. The liquid meal was
chosen to optimize the mixing of gastric contents be-
cause of observations on patterns of reflux in our previous
stationary study.'” It is possible that using mixed meals
would increase the total number of reflux episodes in
both groups or influence the relative frequency of acid
reflux events. Undergoing studies using nonstandardized
mixed meals will clarify the role of gastric mixing and
relative distribution of food and acid on the patterns of
gastroesophageal reflux.

In both ambulatory and stationary studies, the reflux-
ate in patients with reflux disease was significantly more
likely to be acidic, which is consistent with the accepted
idea of an increased number of acid reflux episodes de-
fined as a fall in pH below 4. This apparent selective
defect in acid reflux raises the possibility of other factors
other than simple gastroesophageal incompetence con-
tributing to the increased rate of acid reflux episodes.

The duration of traditional acid reflux episodes was
significantly longer in patients with reflux disease com-
pared with controls. This parameter is, at best, an indi-
rect reflection of patterns of reflux because it is deter-
mined primarily by esophageal clearance. However, the
duration of reflux episodes could also be influenced by
the volume of the refluxate, which in turn could be
related to the degree of LES opening during the reflux
event. Further studies measuring the volume of refluxate
in patients with reflux disease are needed to confirm this
hypothesis.

The air-liquid pattern of reflux in ambulatory condi-
tions differed from that observed in our previous station-
ary studies'>!” in which we found a significant number
of acid reflux events that were either not associated with
impedance evidence of gas or were mixed reflux with
liquid preceding gas. These findings suggested that acid
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reflux could be a primary event and were not just the
consequence of belching. In contrast, under ambulatory
conditions, most acid reflux events, both in controls and
patients with reflux disease, were mixed of gas and liquid
and, during mixed reflux, gas preceded liquid in half of
events in normals and most of episodes in patients with
reflux disease. These results are in partial agreement with
earlier ambulatory manometric-pH studies.”'° In healthy
subjects and patients with reflux disease, reflux of gas
during belching and reflux of acid share a common
underlying mechanism, transient LES relaxation.37-38
The higher proportion of mixed reflux and the increased
number of events with gas preceding liquid in the more
physiologic ambulatory condition, supports the concept
that acid reflux may, at least in part, be the consequence
or variant of belching.”!® The differences between our
stationary and ambulatory studies can probably be at-
tributed to a different distribution of gastric air, and/or
patterns of straining during daily activity. Posture has
been shown to have a significant effect on patterns of
reflux'8-2% as well as on lower esophageal sphincter func-
tion.”-24-2¢ Physical activity also increases the degree of
reflux.?7-3!

A major reason for the increased rate of acid reflux
episodes in patients with reflux disease seems to be that,
when reflux occurs, the refluxate is more acidic. The
factors that make the refluxate more acid in patients with
reflux disease are not clear and were not investigated in
this study. However, there are a number of possibilities.
First, there may be a selective dysfunction of the antire-
flux barrier when confronted to more acidic gastric con-
tents. Transient LES relaxations are more often associated
with acid reflux in patients with reflux disease than in
healthy subjects!'7-3439-42 and they are more frequently
associated with acid reflux than with nonacid reflux.!”
The acidity of gastric contents can influence the fre-
quency and duration of transient LES relaxations.”® In
our previous stationary study, we observed that the du-
ration of transient LES relaxations was significantly
longer when associated with traditional acid reflux com-
pared with nonacid liquid reflux.'”

Second, there may be an increased gastric acid volume.
It has been reported that, as a group, patients with reflux
disease do not have a significant increase in basal, meal-
stimulated, or maximal gastric acid secretion.** More
recent studies, however, suggested that some patients
with reflux disease may have an increased basal acid
secretion,® and a multivariate logistic regression analysis
of the main variables associated with reflux esophagitis
showed that acid secretion level is an independent patho-
physiological factor.4® Studies on gastric emptying and
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proximal gastric function have suggested that patients
with reflux disease may have an enhanced or prolonged
postprandial fundic relaxation and a delayed emptying of
the proximal stomach.47-48

Third, differences may exist in the degree of mixing of
fundic contents leading to different distributions of acid
in the stomach. It is not clear whether or not the acid is
homogeneously mixed with the meal and follows the
same pattern of emptying.?® Studies using ambulatory
pH and esophageal scintigraphy®® and gastric magnetic
resonance imaging>! suggest that gastric mixing can be
incomplete, and different layers of viscosity within the
stomach might therefore influence the distribution of the
gastric contents.>2

Intraluminal impedance is able to detect small vol-
umes of liquid reflux of neutral pH that are not detected
by the pH sensor. Combining impedance with pH mon-
itoring permits the detection of most reflux episodes:
very acid (pH below 4), moderately acid (pH 4-6), and
nonacid (pH between 6 and 7). A pH drop below 4 is
usually taken as evidence of acid gastroesophageal reflux
because pepsin is inactive above pH 433 and patients with
symptomatic reflux generally report heartburn at an
esophageal pH below 4.54 Based on this definition of acid
reflux, all other reflux events could be categorized as
nonacid reflux. However, reflux episodes associated with
falls in esophageal pH that do not fall below 4 may be
associated with symptoms such as heartburn and regur-
gitation.!"3455 Therefore, to understand the clinical and
physiologic significance of nonacid reflux, we deemed
only those events that were associated with a pH drop of
<1 pH unit to be nonacid reflux. This more rigid
definition differs from that of others, which have deemed
all reflux that does not reduce esophageal pH below pH
4 as nonacid.>®

Recent studies using pH-impedance recordings in in-
fants have shown a high prevalence of nonacid reflux in
babies with severe respiratory symptoms.>” Our results
suggest that nonacid reflux does not seem to be critical
for the pathogenesis of reflux disease in adults. Using our
more stringent definition of nonacid reflux, only one
third of all reflux events were nonacid in both groups and
there were no significant differences in rate or proportion
of nonacid reflux between patients and controls. Further-
more, in patients with reflux disease, traditional acid
reflux was significantly more frequent than nonacid re-
flux. Using the less rigorous definition (all reflux events
with pH above 4), nonacid reflux comprises more than
half of total reflux episodes, but nevertheless, there are
still no significant differences between patients and con-
trols.



1596 SIFRIM ET AL.

In our previous stationary study, we used a mixed
solid-liquid meal and found a higher proportion of non-
acid reflux in healthy subjects than in reflux disease. In
the present study, 40% of reflux episodes during the first
hour after the meal were nonacid in both groups. The use
of a liquid meal and the ambulant condition might have
led to better mixing of gastric content resulting in
similar percent of nonacid reflux in patients and normals.
Whereas recumbent reflux in normal subjects was mostly
minor acid and nonacid, in patients with reflux disease,
recumbent nonacid reflux was less frequent than in con-
trols and traditional acid reflux made up 40% of supine
events. These findings suggest either a different noctur-
nal pattern of acid secretion or mixing in the proximal
stomach in reflux disease.

The pathophysiological relevance of nonacid reflux in
reflux disease is still unknown, but our data would
suggest that it does not play a role in the development of
esophageal mucosal damage because patients with reflux
disease have similar rate and air-liquid patterns of non-
acid reflux than normals. The clinical relevance, however,
might be more important, particularly as a cause of
persistent symptoms in patients while on acid suppres-
sant therapy®® or in patients with endoscopy-negative
reflux disease.

It has been shown that the proximal extent of acid
reflux is higher in patients with reflux disease than in
healthy subjects.”® This is also true for nonacid reflux.
The proximal extent of nonacid reflux, however, was
significantly lower than that of acid reflux, suggesting a
smaller volume of liquid refluxate or a stronger tonic
response of the esophageal body to reduce the proximal
extension of reflux.>®

Recent evidence has supported the long-held belief
that hiatus hernia impairs the antireflux barrier.60-¢2
Patients with hiatus hernia have more acid reflux

03,64 and frequent additional reflux events during

events
esophageal acid clearing (re-reflux).®> In the present
study, the presence of a hiatus hernia had no impact on
the patterns of reflux. This suggests that any disruption
of the antireflux barrier by a hiatus hernia has no selective
effect on the acidity of the refluxate. The presence or
absence of a hernia was determined by endoscopy, which
may be less sensitive than radiology. It is possible, there-
fore, that important effects of a hernia were obscured by
either a type 2 statistical error or the inclusion of patients
with small hernias in the nonhernia group, or both.

In conclusion, ambulatory recordings of gastroesoph-
ageal reflux using combined intraluminal impedance and
pH monitoring have shown that, compared with con-
trols, patients with reflux disease have a similar total rate
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of reflux episodes but more acidic refluxates. The air-
liquid patterns of reflux support the view that acid reflux
is, in part, a consequence of the belch reflex. Contrary to
expectations, nonacid reflux does not seem to be a major
component of the refluxate, but the potential relevance of
this component to symptoms awaits further study. Anal-
ysis of patterns of reflux suggests that there are important
but as yet poorly characterized differences in the gastric
fundic environment that may have a major impact on
patterns of acid reflux.
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Rokitansky & Aschoff of the Rokitansky—Aschoff Sinuses

Copyright holder unknown. Photos obtained
from the National Library of Medicine

website (http://www.nlm.nih.gov).

Karl von Rokitansky (1804—-1878) was born in Koniggratz, Bohe-
mia, and was educated first at Prague and then obtained his M.D.
degree at Vienna where at age 30 he became professor of pathology
and leader of the illustrious triumvirate that included Skoda and von
Heber. As a consequence of urging Emperor Joseph II to decree that
all Austrian citizens who died would be subject to necropsy, he
officiated at nearly 60,000 postmortem examinations, all of which he
meticulously described in gracefully composed reports—a record
that still stands. By his colleagues he was regarded as a jovial and
highly esteemed teacher. In addition to observing in 1842 the
cryptic sinuses that mark chronic cholecystitis (redescribed by
Aschoff in 1905), he was the first to distinguish lobar and lobular
pneumonia, as well as to describe acute yellow atrophy of the liver.
He coined the term “spondylolisthesis.”

Carl Albert Ludwig Aschoff (1866—-1942) was born in Berlin and
obtained his M.D. degree at Bonn. He proudly bore duelling scars as
evidence of loyalty to his Burschenshaft (student fraternity). At Mar-
burg, with his Japanese pupil Sunao Tawara, he described the
atrioventricular node and, later at Freiburg, the rheumatoid nodules
in the myocardium that became known as “Aschoff bodies.” His
Handbook of Pathologic Anatomy reached its 8th edition in 1935. His
death was attributed to bronchial asthma from which he had suffered
for many years.
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