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Abstract Background Conventional esophageal manom-

etry evaluating liquid swallows in the recumbent position

measures pressure changes at a limited number of sites and

does not assess motility during solid swallows in the

physiologic upright position. Aim To evaluate esophageal

motility abnormalities during water and bread swallows in

the upright and recumbent positions using high-resolution

manometry (HRM). Methods Thirty-two-channel HRM

testing was performed using water (10 ml each) and bread

swallows in the upright and recumbent positions. The

swallows were considered normal if the distal peristaltic

segment [30 mmHg was [5 cm, ineffective if the 30-

mmHg pressure band was \5 cm, and simultaneous if the

onset velocity of the 30 mmHg pressure band was[8 cm/s.

Abnormal esophageal manometry was defined as the

presence of ‡30% ineffective and/or ‡20% simultaneous

contractions. Results The data from 96 patients (48 F; mean

age 51 years, range 17–79) evaluated for dysphagia (56%),

chest pain (22%), and gastroesophageal reflux disease

(GERD) symptoms (22%) were reviewed. During recum-

bent water swallows, patients with dysphagia, chest pain,

and GERD had a similar prevalence of motility abnor-

malities. During upright bread swallows, motility

abnormalities were more frequent (p = 0.01) in patients

with chest pain (71%) and GERD (67%) compared to

patients with dysphagia (37%). Conclusions Evaluating

bread swallows in the upright position reveals differences

in motility abnormalities overlooked by liquid swallows

alone.

Keywords High-resolution manometry � Dysphagia �
Chest pain � Gastroesophageal reflux disease

Introduction

Esophageal manometry has been used for more than

40 years to diagnose esophageal motility abnormalities [1].

Manometry provides information on the amplitude and

coordination of esophageal contractions and the resting and

residual pressures of the upper and lower esophageal

sphincter. After excluding structural lesions, patients with

dysphagia and/or non-cardiac chest pain are referred for

esophageal motility testing with the question as to whether

these symptoms are associated with esophageal motility

abnormalities [2]. Other indications for manometry include

evaluating the presence of motility abnormalities prior to

fundoplication and to assist with the location of the lower

esophageal sphincter (LES) prior to esophageal reflux

monitoring [3].

Patients with esophageal motility abnormalities have

symptoms during the ingestion of both liquids and solids.

Usually, deglutition occurs almost exclusively in the

upright position. Therefore, it seems more reasonable to

evaluate esophageal symptoms during the swallowing of

liquid and solid substances in the more physiologic upright

position. Following the report of Sears et al. [4], other

investigators have evaluated esophageal manometry in the

upright and supine body positions for liquid and solid
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swallows in healthy volunteers [5, 6]. Howard et al. [7],

comparing the results of esophageal manometry during

water swallows and eating bread, found substantial differ-

ences in esophageal motility during water swallows as

compared to eating. Evaluating the patterns of esophageal

motility in diabetic patients with previously documented

delayed esophageal emptying, Holloway et al. [8] noticed

peristaltic failure leading to transit hold-up more frequently

during solid than liquid swallows. Still, there are limited

esophageal manometry data during standard solid swallows

in patients with dysphagia and chest pain [9].

Conventional esophageal manometry is performed in the

supine position and evaluates esophageal peristalsis using

5–10 ml water swallows [10]. Taking advantage of tech-

nological advances and increasing computing power,

newer systems use 32–36 manometry channels (high-res-

olution manometry; HRM). The higher density of pressure

channels (i.e., every 1–1.5 cm) allows the monitoring of

the activities of the upper esophageal sphincter, esophageal

body, lower esophageal sphincter, and proximal stomach

during the same swallow, without having to perform

additional adjustments for various esophageal lengths

(usually ranging from 21 to 25 cm [11]). Two-dimensional

spatio-temporal plots provide a more appealing represen-

tation of the pressure changes and allow a better

characterization of the pressure profiles at the gastro-

esophageal junction [12].

The aim of the present study was to compare findings of

esophageal motility abnormalities during water and bread

swallows in the upright and recumbent (left lateral decu-

bitus) positions in patients with dysphagia, chest pain, and

gastroesophageal reflux disease (GERD) symptoms using

high-resolution manometry.

Methods

For this analysis, we reviewed the collected data from

symptom questionnaires and high-resolution manometry

tracings recorded between April 2003 and November 2005.

Patients were referred to our tertiary care center (Univer-

sity Hospital of Zurich) for the evaluation of esophageal

symptoms. The Ethics Committee of the University Hos-

pital of Zurich approved the retrospective data analysis.

Patients and symptom data

Patients were asked to come to the laboratory after at least

4 h of fasting. Prior to esophageal manometry, patients

were asked to complete a questionnaire, which included

data on the frequency and intensity of heartburn, chest

pain, regurgitation, and dysphagia. For heartburn and chest

pain, patients were asked to rate the frequency on a five-

point scale (never, less than once a week, once every

3 days, once every 2 days, daily), the number of episodes

on a six-point scale (never, once a day, twice a day, three

times a day, four times a day, more than 4 times a day), the

duration of the episode on a seven-point scale (none,

1 min, 1–5 min, 5–10 min, 10–30 min, 30–60 min, more

than 60 min), and the intensity of episodes on a six-point

scale (none, very mild, mild, middle, strong, very strong).

For regurgitation, patients were asked to rate the frequency,

the number of episodes, and also the intensity of the

complaints on the same scales as described above. For

dysphagia, patients were asked to rate the frequency and

the intensity as described above. For each symptom,

composite scores were computed according to the Eraflux

questionnaire [13]. In patients with multiple symptoms, the

symptom with the highest score was considered as the

primary symptom.

Manometry system

We used a multiple-use water-perfused HRM silicone mi-

crometric catheter (4-mm external diameter) with 32

channels (Dentsleeve, Wayville, South Australia, Austra-

lia) spaced helically along the catheter. The distance

between the first and second channel was 5 cm. Channels

2–10 and 25–32 were 1 cm apart, while channels 11–24

were 1.3 cm apart. The catheter was perfused with distilled

water using a pneumatically activated manometric pump

designed and built by G.S. Hebbard. Each channel was

connected to an external transducer (Abbott Transpac IV,

Abbott Laboratories, Ontario, Canada). The analog signals

were amplified and transformed into digital signals. Man-

ometric data from each channel was stored and analyzed by

the Trace! v1.2 software system (Trace! v1.2 videoma-

nometry system, G.S. Hebbard, Royal Melbourne Hospital,

Melbourne, Australia) using the spatio-temporal plot rep-

resentation [10].

High-resolution manometry data acquiring and analysis

protocol

Prior to the insertion of the high-resolution manometry

(HRM) catheter, one nostril was anesthetized using lido-

caine 2%. The 32-channel water-perfused HRM catheter

was passed transnasally through the esophagus into the

stomach. The catheter was positioned such that the distal

channels located 1 cm apart spanned the lower esophageal

sphincter (LES). Patients were then given ten water swal-

lows (10 ml each) and ten bread swallows (small pieces

2 · 2 · 2 cm3) in the upright and recumbent (left lateral
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decubitus) positions, 20–30 s apart. Double swallows and

swallows containing cough-induced pressure artifacts were

excluded from the analysis.

The lower esophageal sphincter resting pressure (LESP)

was measured in the upright and recumbent positions prior

to each set of water and bread swallows. The LESP was

calculated as the average mid-respiratory distal pressure

band corresponding to the LES.

The contraction amplitude of esophageal contractions

was referenced to the gastric baseline. For swallows in the

upright position, the software used a hydrostatic pressure

correction. Swallows were considered as: (1) normal if, in

the isocontour plot representation, a peristaltic band

[30 mmHg spanned over at least 5 cm in the distal

esophagus; (2) ineffective if the pressure band[30 mmHg

in the distal esophagus was less than 5 cm or the pressure

in the distal esophagus did not exceed 30 mmHg; and (3)

simultaneous if the onset velocity of the pressure band

[30 mmHg exceeded 8 cm/s in the distal esophagus (Fig.

1). Using HRM representation, the distal esophagus was

defined as the section of the esophagus spanning from the

physiologic pressure through to the proximal LES border.

Esophageal contractions were also evaluated using

conventional manometric criteria by analyzing pressure

measurements only at 3 cm and 8 cm above the LES.

Swallows were considered as: (1) normal if the contraction

amplitude at 3 cm and 8 cm above the LES exceeded

30 mmHg and the onset velocity was less than or equal to

8 cm/s; (2) ineffective if the contraction amplitude at 3 cm

or 8 cm above the LES was \30 mmHg; and (3) simulta-

neous if the contraction amplitude at 3 cm and 8 cm above

the LES exceeded 30 mmHg and the onset velocity

exceeded 8 cm/s.

We defined ineffective esophageal motility (IEM) by the

presence of 30% or more ineffective swallows and distal

esophageal spasm (DES) by the presence of 20% or more

simultaneous contractions [14]. Datasets with less than five

usable water swallows in the recumbent position were

excluded, as were the data from patients with achalasia.

Statistics

Descriptive statistics were used to analyze the character-

istics of patients presenting with dysphagia, chest pain, and

GERD symptoms. We determined the percentage of nor-

mal, ineffective, and simultaneous swallows in each

patient, and then, an average for each group was calculated.

Comparisons between proportions were made using the

Chi-square or Fisher-exact tests, depending on the number

of observations. Parametric or non-parametric tests were

used to compare continuous variables according to the

normality of the data distribution. Kappa statistics were

used to evaluate the agreement between manometric find-

ings identified using conventional manometry and HRM

criteria. A p-value less than 0.05 was considered as sta-

tistically significant.

Results

Between April 2003 and November 2005, 225 HRM

examinations were performed with clinical and research

indications. Data from 96 patients (48 females, mean age

51 years, range 17–79 years) had at least five interpretable

water swallows in the recumbent position and were inclu-

ded in the analysis. The main symptom in 54 (56%)

patients was dysphagia, in 21 (22%) chest pain, and in 21

(22%) heartburn and/or regurgitation (i.e., GERD symp-

toms). There was no difference in the gender distribution in

the group of patients with dysphagia, chest pain, and

GERD. Patients with GERD symptoms were significantly

(p \ 0.05) younger (mean ± SEM = 42 ± 3 years) than

patients presenting with dysphagia (53 ± 2 years) or chest

pain (57 ± 4 years).

Fig. 1 Examples of normal (a), ineffective (b), and simultaneous (c)

contractions during a 10 ml water swallow on a 32-channel high-

resolution manometry (HRM) tracing. HRM spatio-temporal plot

depicts the direction and force of pressure activity in the esophagus

from the pharynx to the stomach. Time is on the x axis and distance

from the nares is on the y axis. Each pressure is assigned a color

(legend on the right)
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Influence of bolus consistency and position on

manometric findings

The group of 96 patients had an average of 81% normal, 15%

ineffective, and 4% simultaneous contractions during water

swallows in the recumbent position and an average of 68%

normal, 28% ineffective, and 4% simultaneous contractions

during water swallows in the upright position. During bread

swallows in the recumbent position, an average of 66% of

contractions were manometrically normal, 25% ineffective,

and 9% simultaneous. During bread swallows in the upright

position, patients had an average of 61% normal, 32%

ineffective, and 7% simultaneous contractions. Evaluating

data in all 96 patients, we found that differences between

percentages of normal, ineffective, and simultaneous swal-

lows were not statistically significant (ANOVA p [ 0.05).

Average percentage of normal, simultaneous, and

ineffective swallows stratified by bolus consistency,

position, and primary symptom

In the recumbent position, patients with dysphagia, chest

pain, and GERD symptoms had similar percentages of

manometrically normal contractions during water swal-

lows. There was also no difference in the percentage of

manometrically normal contractions between patients with

dysphagia, chest pain, and GERD symptoms during water

swallowing in the upright position and bread swallows in

the upright or recumbent positions. The same was noticed

for the percentage of manometrically ineffective and

simultaneous contractions. The average percentages of

normal, ineffective, and simultaneous contractions are

presented in Fig. 2.

Manometric findings in the upright and recumbent

positions during water and bread swallows

There was a significant difference (Chi-square 15.6, df = 6,

p \ 0.05) between the proportion of patients with normal

manometry during water swallows recumbent (74%), water

swallows upright (60%), bread recumbent (58%), and bread

upright (49%). The percentages of patients with normal

manometry, IEM, and DES in the upright and recumbent

positions during water and bread swallows are shown in Fig. 3.

Manometric differences between patients with

dysphagia, chest pain, and GERD symptoms

The lower esophageal sphincter resting pressure (LESP) in

the upright position was similar (p = 0.61) in patients with

dysphagia (11.1 ± 0.9 mmHg), chest pain (11.7 ±

0.8 mmHg), and GERD symptoms (10.2 ± 1.4 mmHg). In

the recumbent position, we noticed also no difference

(p = 0.71) in the LESP of patients with dysphagia

(18.0 ± 1.4 mmHg), chest pain (20.1 ± 1.1 mmHg), and

GERD symptoms (17.8 ± 2.1 mmHg). The LESP was sig-

nificantly higher (p \ 0.01) in the recumbent position

compared to the upright position in each of the three groups,

as previously shown [4].

During water swallows in the recumbent and upright

positions, the same proportions of patients had normal

manometry, regardless of their main symptom. During

bread swallows in the recumbent position, 64% of patients

with dysphagia, 38% of patients with chest pain, and 62%

of patients with GERD symptoms had normal manometry

(p = 0.07). During bread swallows in the upright position,

the proportion of patients with dysphagia and normal

manometry (63%) was significantly higher (p = 0.01) than

the proportion of patients with chest pain and GERD

having normal manometry (29% and 33%, respectively).

In the group of patients with dysphagia, there was no

difference in the proportion of patients with normal

manometry during water or bread swallows in the recum-

bent or upright positions. In the group of patients whose

main complaint was chest pain, the proportion of normal

manometry decreased from 71% during water swallows in

the recumbent position to 52% during water swallows

upright, 38% during bread swallows recumbent, all the way

to 29% during bread swallows in the upright position.

These differences, though, did not reach statistical signifi-

cance. Similar, non-significant differences were observed

in the group of patients presenting primarily with GERD

symptoms. These data are summarized in Table 1.

Agreement between manometric findings using HRM

and conventional manometry criteria

When comparing manometric findings using HRM and

conventional manometry criteria, we found an excellent

agreement (j = 0.9) between these assessments during

water swallows in the recumbent position. The only dis-

agreement was noticed in four patients who fulfilled IEM

criteria by conventional manometry, but were considered

normal by HRM. The agreement between conventional

manometry and HRM findings was also very good during

water swallows in the upright position (j = 0.85) and bread

swallows in the recumbent (j = 0.82) and upright

(j = 0.79) positions.

Discussion

In the present study, we report the high-resolution

manometry (HRM) findings during water and bread

Dig Dis Sci (2008) 53:1198–1205 1201

123



swallows in the upright and recumbent positions in patients

with dysphagia, chest pain, and GERD symptoms. We

noticed more patients having manometric abnormalities

during bread swallows in the upright position than during

water swallows when either upright or recumbent. In

addition, bread swallows in the upright position revealed a
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Fig. 2 Percentage of manometric normal, ineffective, and simulta-

neous contractions in patients with dysphagia, chest pain, and

gastroesophageal reflux disease (GERD) symptoms during water

and bread swallows in the upright and recumbent positions. The data

are presented as mean ± SEM
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higher proportion of manometric abnormalities in patients

with chest pain and GERD symptoms compared to those

with dysphagia. These differences were not obvious during

water swallows in the recumbent position.

High-resolution manometry (HRM) provides additional

information on esophageal peristalsis. In contrast to con-

ventional manometry with measuring points 5 cm apart,

HRM pressure profiles were generated based on data from

closely spaced measurement sites. Thus, it provides more

detailed information on the peristaltic front, including the

proximal portion, the physiologic pressure trough, and the

distal component of the esophageal peristalsis [15]. To

date, Ghosh et al. [16] reported normal values for high-

resolution manometry based on measurements obtained in

75 healthy volunteers. While providing a very detailed

analysis of individual pressure segments within the

esophagus, this report fails to report HRM diagnostic cri-

teria for normal, ineffective, and simultaneous

contractions. Therefore, the approach to analyze HRM

tracings used in the present study was based on previously

published experiences focusing primarily on the distal part

of the isocontour plot. Combined impedance-manometry

studies evaluating bolus transit in patients with ineffective

esophageal motility revealed that the majority (i.e., 87–

94%) of contractions exceeding 30 mmHg at two distinct

(5 cm apart) sites in the distal esophagus had complete

bolus transit [17]. Therefore, we requested the peristaltic

pressure band to span at least 5 cm in the distal esophagus

in order to consider the swallow to be manometrically

normal. The excellent agreement between HRM and con-

ventional manometry findings could provide an argument

for using the proposed criteria to evaluate esophageal

peristalsis using high-resolution manometry. On the other

hand, one might question the need for high-resolution

manometry, given the good agreement with conventional

criteria to diagnose esophageal motility abnormalities.

For the overall evaluation of the study, we used the

manometric definitions for normal manometry, ineffective

esophageal motility (IEM), and distal esophageal spasm

(DES) proposed by Spechler and Castell [14], under-

standing that these criteria were proposed for the

interpretation of conventional manometry data during

water swallows in the recumbent position. It is important to

be aware of this fact, since studies evaluating peristaltic

activity during bread swallows report a higher frequency of

non-peristaltic contractions during bread swallows com-

pared to water swallows [18]. Still, since the aim of our

study was to compare manometric abnormalities in patients

with dysphagia, chest pain, and GERD symptoms, we

decided to use the same diagnostic criteria for bread

swallows (upright and recumbent) and water swallows in

the upright position in order to have a simplified and

consistent interpretation.

As mentioned in the introduction, Sears et al. [4] eval-

uated the effects of position and bolus consistency on

esophageal motility in a group of 15 healthy subjects. In

this group of volunteers, the investigators evaluated the

distal esophageal peristalsis during six liquid swallows in

the upright and supine positions, and six solid (small

marshmallow) swallows in the upright position. Atypical

wave forms (non-transmitted, simultaneous, and repetitive

contractions) were noted more frequently during the

upright position compared to the supine position (p \ 0.01)

and during solid versus liquid swallows (p \ 0.05).

Therefore, our findings of a higher percentage of mano-

metric abnormalities during bread swallows in the upright

position in patients are consistent with the observations by

Sears et al.

Allen et al. [9] evaluated the results of esophageal

manometry during water swallows in the recumbent posi-

tion and food ingestion in the upright position in 100

patients reporting dysphagia (77) and chest pain (60). Each

Table 1 Number and percentage of patients with normal manometry, IEM, and DES separated by the main symptom (dysphagia, chest pain, and

GERD)

Dysphagia (N = 54) Chest pain (N = 21) GERD (N = 21) p-value

Normal IEM DES Normal IEM DES Normal IEM DES

Water recumbent 40 9 5 15 5 1 16 5 0 0.59

74% 17% 9% 71% 24% 5% 76% 24% 0%

Water upright 36 13 5 11 9 1 10 11 0 0.116

67% 24% 9% 52% 43% 5% 48% 52% 0%

Bread recumbent 34 11 8 8 9 4 13 8 0 0.072

64% 21% 15% 38% 43% 19% 62% 38% 0%

Bread upright 34 13 7 6 12 3 7 13 1 0.009

63% 24% 13% 29% 57% 14% 33% 62% 5%

p-value: Chi square test comparing proportions of normal manometry, IEM, and DES between groups of patients with dysphagia, chest pain, and

GERD symptoms
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patient received ten 5 ml water swallows 30 s apart during

standard manometry and had to ingest a meal consisting of

beef tips, bread, jello, and water ad libitum. Patients were

asked to rate their symptoms during water swallows and

meal ingestion. A motility abnormality was considered

symptomatic if patients reported chest pain or dysphagia

within 10 s from the time that the abnormality occurred.

The authors noted a higher proportion (p \ 0.01) of

patients reporting dysphagia during the ingestion of the

meal (43%) than during standard manometry (8%). Chest

pain episodes were reported with a similar, rare frequency

during food ingestion and standard manometry (5%).

Based on these findings, the authors concluded that food

ingestion should be used as a provocative test in patients

with non-obstructive dysphagia.

The finding of a higher proportion of esophageal

motility abnormalities during bread swallows in patients

with chest pain and GERD symptoms compared to patients

with dysphagia requires further evaluations. Although our

study does not include data from normal volunteers, which

would allow us to understand to what extent the percent-

ages of abnormal peristaltic responses noticed in patients

with chest pain, dysphagia, and reflux symptoms differ

from normal, the fact that there are differences between

these groups is of interest. The interpretation of these

findings is even more difficult in the absence of normal

HRM data for bread swallows and the observation by Po-

uderoux et al. [19] during combined videofluoroscopy and

manometry, indicating that bread is rarely cleared from the

esophagus with a single swallow. Noticing low-amplitude

contractions distal to the stopping point of the bolus, Po-

uderoux et al. [19] interpreted this phenomenon as the

result rather than the cause of solid bolus retention. Still,

the differences noted in our study were observed while

analyzing the tracings from patients with chest pain, dys-

phagia, and GERD symptoms using the same criteria.

Therefore, understanding whether they are the cause or

effect of bolus retention becomes secondary to under-

standing why different motility patterns during bread

swallows are observed in patients with dysphagia, chest

pain, and GERD symptoms.

A further intriguing observation is the increased per-

centage of abnormal peristaltic responses in patients with

chest pain and GERD symptoms compared to patients with

dysphagia. Based on our data, we can only speculate on the

meaning of these, at first look, counter-intuitive findings.

One possible explanation could be that a certain contrac-

tility and peristaltic response is important in the

pathogenesis of dysphagia, whereas chest pain could result

from the passive distension of the esophagus in the absence

of an effective peristalsis. The well-known increased fre-

quency of ineffective esophageal contractions in patients

with GERD remains an enigma as to what extent it

contributes or is the result of the abnormal distal esopha-

geal acid exposure.

In conclusion, the present study suggests that high-res-

olution manometry using water and bread swallows

identifies subtle differences between patients with chest

pain, dysphagia, and GERD symptoms overlooked by

recumbent water swallows alone. The next steps are now to

better understand the differences in esophageal motility

between different groups of patients and to evaluate the

clinical meaning of the additional information provided by

bread swallows, understanding that motility abnormalities

during bread swallows can also be noted in healthy vol-

unteers. Whether or not bread swallows will become an

integral part of routine esophageal manometry depends

mainly on the outcome data.
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