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Abstract
AIM: To characterize the effects of age on the mech­
anisms underlying the common condition of esophageal 
dysphagia in older patients, using detailed manometric 
analysis.

METHODS: A retrospective case-control audit was 
performed on 19 patients aged ≥ 80 years (mean age 
85 ± 0.7 year) who underwent a manometric study for 
dysphagia (2004-2009). Data were compared with 19 
younger dysphagic patients (32 ± 1.7 years). Detailed 
manometric analysis performed prospectively included 

basal lower esophageal sphincter pressure (BLESP), 
pre-swallow and nadir LESP, esophageal body pressures 
and peristaltic duration, during water swallows (5 mL) 
in right lateral (RL) and upright (UR) postures and 
with solids. Data are mean ± SE; a P -value < 0.05 was 
considered significant.

RESULTS: Elderly dysphagic patients had higher BLESP 
than younger patients (23.4 ± 3.8 vs  14.9 ± 1.2 mmHg; 
P  < 0.05). Pre-swallow LESP was elevated in the elderly 
in both postures (RL: 1 and 4 s P = 0.019 and P  = 0.05; 
UR: P  < 0.05 and P = 0.05) and solids (P  < 0.01). In 
older patients, LES nadir pressure was higher with liquids 
(RL: 2.3 ± 0.6 mmHg vs  0.7 ± 0.6 mmHg, P  < 0.05; 
UR: 3.5 ± 0.9 mmHg vs  1.6 ± 0.5 mmHg, P  = 0.01) 
with shorter relaxation after solids (7.9 ± 1.5 s vs  9.7 ± 
0.4 s, P  = 0.05). No age-related differences were seen 
in esophageal body pressures or peristalsis duration.

CONCLUSION: Basal LES pressure is elevated and 
swallow-induced relaxation impaired in elderly dysphagic 
patients. Its contribution to dysphagia and the effects of 
healthy ageing require further investigation.
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INTRODUCTION
Dysphagia is common in older individuals, with mealtime 
difficulties being reported in 87% of  residential care clients 
who are predominantly elderly[1]. This condition is associ-
ated with significant morbidity (anxiety and depression) 
and, in some cases, increased mortality from malnutrition 
and aspiration pneumonia[2]. People aged over 65 years 
constitute more than 15% of  the South Australian popula-
tion and this proportion is predicted to increase substan-
tially over the next 10 years[3]. Moreover, this demographic 
trend is consistently noted across the developed world. 
There is thus the need for a greater understanding of  the 
pathophysiology of  dysphagia in older individuals. 

An increase in esophageal motor abnormalities has 
been reported with advancing age[4]. Studies in patients 
with gastroesophageal reflux disease suggest that only 
62% of  swallows are normal in subjects aged over 64 
years, compared with 95% of  younger patients[5]. De-
spite the magnitude of  this clinical problem in the el-
derly, no studies have detected significant differences in 
the mechanism of  esophageal dysphagia between age 
groups, although older patients tend to find dysphagia 
more clinically troublesome[6]. 

In the absence of  a structural esophageal lesion, more 
than 50% of  all patients with dysphagia have abnormal 
motility on manometry[7]. However, the most common di-
agnosis made after investigation is non-specific esophageal 
motility disorder (NSMD). This is a “default position” 
when esophageal motor function is abnormal, but does 
not satisfy the diagnostic features of  classic motility dis-
orders, such as diffuse esophageal spasm or achalasia. Ad-
vances in high resolution manometry have improved the 
ability to identify the specific motility changes underlying 
such conditions[8], which has significantly improved treat-
ment and patient outcomes[8,9]. However, the absence of  
a clearly understood pathogenic mechanism for dysphagia 
in older adults currently limits the provision of  specific 
therapeutic recommendations for these patients. 

Much of  our current understanding of  the effects of  
aging on esophageal physiology is based on data from 
healthy older individuals without dysphagia. These stud-
ies have shown age-related esophageal motility changes 
that include decreased upper esophageal sphincter pres-
sure with reduced duration of  relaxation[10], low ampli-
tude peristalsis and increased stiffness of  the esophageal 
body[11]. Changes in lower esophageal sphincter function, 
however, have been harder to identify in healthy ageing[12] 
and studies are rarely performed in adults above the age 
of  80 years. Alterations that may occur with extreme age 
are increasingly relevant as the proportion of  the popula-
tion surviving into their ninth decade increases. 

The few studies looking specifically at esophageal mo-
tor function in symptomatic older patients have yielded 
conflicting results, but do not appear to support an earlier 
concept of  “presbyesophagus”. This refers to a cluster 
of  dysfunctions, including decreased contractile activity, 
polyphasic waves in the esophageal body and incomplete 

relaxation with esophageal dilatation[13]. Although no dif-
ferences in broad diagnostic category have been demon-
strated between older and younger dysphagic patients[6,14], 
we hypothesize that older individuals may comprise a dis-
tinct subgroup of  NSMD. The pathophysiologic abnor-
malities in these patients may involve more subtle motor 
sequencing problems that are not readily detected using 
standard manometry. Recognition of  such abnormal mo-
tor patterns would improve understanding of  the effects 
of  ageing on the esophagus, as well as potentially provide 
a more targeted approach to treatment for the increasing 
number of  older individuals with dysphagia.

The aim of  the current study, therefore, was to com-
pare esophageal motility between older (> 80 years) and 
younger adults with dysphagia, using analysis of  high 
resolution manometric data.

MATERIALS AND METHODS
Subject selection
Subjects were identified from a prospectively collected da-
tabase at the Repatriation General Hospital, Daw Park, a 
tertiary referral centre providing an esophageal manome-
try service to an ageing predominantly veteran population 
along with younger public hospital patients. Esophageal 
manometric studies were performed on patients present-
ing with a variety of  symptoms suggestive of  disease, 
including dysphagia, atypical chest pain, heartburn and 
cough. Of  these, the database was audited to identify all 
patients aged ≥ 80 years investigated for dysphagia (as 
their primary symptom) between January 2004 and No-
vember 2009. These were gender-matched to a group of  
younger dysphagic patients. Exclusion criteria included (1) 
incomplete manometric data; (2) diagnosis of  achalasia; (3) 
previous fundoplication; and (4) diabetes mellitus. 

The standard manometric diagnoses as provided to the 
referring physician, and symptoms of  older and younger 
dysphagic patients from this database have previously been 
reported  in a clinical audit[6]. The current study, however, 
provides a more specific evaluation of  the possible mo-
tor mechanisms underlying dysphagia, with a detailed re-
analysis of  the previous manometric data. 

The manometry database of  this laboratory was ap-
proved by the Human Research Ethics Committee of  
the Repatriation General Hospital. All subjects provided 
written informed consent prior to the inclusion of  their 
results in the database. 

While all patients included in the study described dys-
phagia, each patient was asked to report whether it was 
present with solids, liquids or both and whether it was at 
the level of  upper, mid or lower esophagus. These data 
were recorded prior to performing their esophageal ma-
nometry investigation. 

Manometric technique 
Esophageal pressures were measured using high resolution 
manometry (HRM). This technique allows visualization of  
esophageal contractility as a continuum of  pressure and 
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pressure (BLESP) was recorded for 30 s. Ten 5 mL liq-
uid (water) swallows were performed in the RL posture, 
and repeated seated upright (UR). Manometry was also 
recorded during 5 standardized solid boluses (1/8 sliced 
white bread with crust removed) in the UR position. Sub-
jects were asked to chew the bread and indicate when they 
were ready to swallow. The presence or absence of  dys-
phagia was recorded for each swallow.

Data analysis
The original clinical manometry recordings were re-an
alyzed manually by 2 observers (LB and CB), neither of  
whom was responsible for the initial report. Both observers 
were blinded to patient age, gender and initial manometric 
diagnosis. Detailed motility analysis was performed, com-
prising (1) BLESP at end-expiration; (2) LESP at 1 and 4 s 
before the onset of  each swallow; (3) number of  successful 
LES relaxations (defined as > 75% reduction in LESP); 
(4) nadir LESP (point of  most complete LES relaxation) 
and time to nadir; (5) time to recovery of  LES tone after 
swallow-induced relaxation; (6) amplitude of  proximal and 
distal esophageal pressures (measured 6 cm below the up-
per esophageal sphincter and 4 cm above the LES, respec-
tively); and (7) duration of  peristalsis (time between peak 
amplitudes of  channels 1-9). The sites at which esophageal 
pressure measurements were taken are shown in Figure 1. 
Subjects were excluded if  more than 30% of  their mano-
metric data were missing, or more than 30% double swal-
lows were encountered.
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time (Figure 1) using a colour display. To achieve this, pres-
sure sensors were spaced at close intervals (1-3 cm apart) 
and at multiple recording sites, enabling extrapolation of  
pressure values between sensors without loss of  accuracy. 
Compared to conventional manometry, HRM has several 
technical advantages that include greater efficiency, higher 
quality recordings and more objective interpretation. In-
traluminal pressures were measured using a 16 channel 
silicone-rubber manometric assembly (Dentsleeve Interna-
tional, Toronto, Canada). The 9 most proximal side-holes 
(channels 1-9) were spaced 3 cm apart and spanned the 
pharynx and esophageal body (24 cm). The remaining 7 
side-holes (channels 10-16) were spaced at 1 cm intervals 
and positioned astride the LES, with the most distal chan-
nel in the proximal stomach. All lumina were perfused 
with degassed distilled water at a rate of  0.15 mL/min 
using a low compliance perfusion pump (Dentsleeve In-
ternational, Ontario Canada). Data were recorded at 25Hz 
and analyzed using specialized software (Trace Version 1.2v, 
Hebbard, Melbourne, Australia). All pressures were refer-
enced to the intra-gastric pressure and could be displayed 
as a spatio-temporal color plot or conventional line-plot.

Study protocol
All studies were performed after a minimum 4-h fast. 
The manometric assembly was passed transnasally into 
the stomach, via an anaesthetized nostril. Subjects were 
placed in the right lateral (RL) posture and allowed time to 
adapt to the assembly. A basal lower esophageal sphincter 
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Figure 1  Example of swallow pressure topography spanning from the pharynx (15-20 cm) to stomach (44-47 cm), in a young patient with normal peristal-
sis and lower esophageal sphincter relaxation. Pressure data (amplitudes shown by colour gradient) are displayed with time on the x-axis and location of sensors 
on the y-axis. Points of measurement for motility parameters are indicated with arrows. Pressure sensors located in the region of the lower esophageal sphincter (LES) 
are spaced 1 cm apart, spanning a 6 cm segment. LESP: Lower esophageal sphincter pressure. 
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Statistical analysis
All data are expressed as a mean ± SE. Manometric pa-
rameters were compared between groups using Student 
unpaired t-test (two-tailed). A P-value < 0.05 was consid-
ered significant. 

RESULTS
Nineteen patients aged older than 80 years (9 male, 10 
female; mean age 85 ± 0.7 year) were included. The pat-
tern of  dysphagia was characterised as upper (21%), mid 
(42%) or lower (37%) esophagus, present with solids 
(47%), liquids (6%) or both (47%). Data were compared 

to 19 younger patients (9 male, 10 female; mean age 32 ± 
1.7 years) with esophageal dysphagia in the upper (48%), 
mid (26%) or lower (26%) esophagus, with solids (79%), 
liquids (10%) or both (11%).

Mean basal LESP was higher in the older patients (23.4 
± 3.8 mmHg) compared to younger dysphagic patients 
(14.9 ± 1.2 mmHg) (P < 0.05). 

Pre-swallow LESP was higher in older dysphagic pa-
tients in both RL (elderly vs young; 1 s: 17.8 ± 2.2 mmHg vs 
11.6 ± 1.2 mmHg, P = 0.019; and 4 s: 21.3 ± 2.8 mmHg vs 
15.3 ± 1.3 mmHg, P = 0.05) and UR (1 s: 22.3 ± 2.9 mmHg 
vs 14.9 ± 2.9 mmHg, P < 0.05; and 4 s: 25.9 ± 4.2 mmHg 
vs 18.3 ± 2.7 mmHg, P = 0.05) postures, and with solid bo-
luses (1 s: 27.3 ± 5.5 mmHg vs 15.2 ± 2.2 mmHg, and 4 s: 
29.1 ± 4.2 mmHg vs 17.7 ± 2.8 mmHg, P < 0.01 for both) 
(Figure 2A and B). 

Mean nadir LESP was higher in older patients with 
liquid swallows in both RL (2.3 ± 0.6 mmHg vs 0.7 ± 0.6 
mmHg, P < 0.05) and upright (3.5 ± 0.9 mmHg vs 1.6 ± 0.5 
mmHg, P = 0.01) postures, when compared to younger 
patients (Figure 2C). There were no differences in nadir 
pressure with solids, time to nadir, or number of  complete 
LES relaxations, between age groups. 

Time to recovery of  LES tone after swallow-induced 
relaxation was shorter in the older group after a solid bolus 
(P = 0.05), with a similar trend with liquid swallows in the 
RL posture (P = 0.07) (Figure 3). 

There were no significant differences between age 
groups in mean amplitude of  proximal or distal esopha-
geal body contractions with liquids or solids (Table 1).
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Figure 2   Lower esophageal sphincter pressure at 1 s (A) and 4 s (B) prior 
to swallow, and lower esophageal sphincter nadir pressure (C), in right 
lateral and upright postures with liquids and solids, in young (n = 19; 32 
± 1.7 years) and older (n = 19; 85 ± 0.7 year) patients with dysphagia. aP < 
0.05; bP < 0.01; cP = 0.01 vs young. LES: Lower esophageal sphincter; LESP: 
Lower esophageal sphincter pressure.
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Figure 3  Time to recovery of lower esophageal sphincter tone after relax-
ation in right lateral and upright postures and with solids, in young and 
older patients with dysphagia. aP = 0.05 vs young. LESP: Lower esophageal 
sphincter pressure.

Table 1  Proximal and distal esophageal peristaltic amplitudes 
(mmHg) in older and young patients with dysphagia (mean ± SE)

   Right Lateral water Upright water Upright solids

Older
   Proximal 39.1 ± 7.3 41.4 ± 5.7 45.2 ± 7.5
   Distal 53.8 ± 7.8   67.3 ± 16.4   61.7 ± 14.8
Young
   Proximal 27.9 ± 3.0  29.6 ± 3.9  35.7 ± 3.1
   Distal 62.3 ± 6.0  55.5 ± 6.8  57.9 ± 8.1
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The duration of  esophageal peristalsis was similar 
between age groups with liquid swallows in both pos-
tures (older vs young patients; RL 8.5 ± 0.5 s vs 8.6 ± 0.3 s; 
UR 8.9 ± 0.8 s vs 8.0 ± 0.3 s), and with solid boluses (9.4 
± 1.7 s vs 8.3 ± 0.5 s). 

DISCUSSION
This study is the first to evaluate motility changes spe-
cific to dysphagia in the elderly. It demonstrates subtle 
differences in LES function between older and younger 
patients with dysphagia. In particular, increased age was 
associated with a higher resting pressure, incomplete 
relaxation and a shorter time to recovery of  tone after 
swallowing. There were, however, no differences in 
esophageal body pressures or peristaltic duration be-
tween age groups. These findings of  LES dysfunction 
provide new insights into the possible mechanisms un-
derlying dysphagia in elderly patients.

Using standard clinical manometric analysis, previous 
studies reported no differences in the frequency of  diag-
nostic categories between older and younger subjects with 
dysphagia[6,14]. This suggests consistency amongst regular 
reporters of  these clinical studies. However, the current 
study demonstrates specific motility differences between 
age groups using a more detailed approach to analysis. In 
agreement with Pandolfino et al[15], these data suggest that 
standard manometric assessment may not be sufficiently 
sensitive to detect potentially relevant abnormalities. 

Adequate LES relaxation is pivotal in allowing bolus 
transit across the gastroesophageal junction (GEJ); this 
is both intuitive and demonstrated in physiologic and 
mechanical studies of  esophageal emptying[16]. Studies 
in patients with achalasia[17-19] or post-fundoplication[20,21] 
confirm the functional consequence of  inadequate LES 
relaxation. Therapeutic modalities aimed at reducing 
sphincter pressure and thus enhancing bolus clearance 
are known to reduce dysphagia in these patients[22,23]. 
These findings support the concept that high LES nadir 
pressure and incomplete relaxation observed in elderly 
patients could impede bolus clearance, and may be di-
rectly relevant to the production of  their dysphagia. 

Increased basal LES pressure observed in our elderly 
patients did not meet current criteria used to define Hy-
pertensive LES (HLES) syndrome (mean LESP > 45 
mmHg)[24]. However, we postulate that subtle increases in 
LESP, in combination with failure to relax adequately, may 
contribute to their dysphagia. Gockel et al demonstrated 
an association between elevated resting LESP and dys-
phagia in 100 patients with HLES (defined as BLESP > 
26 mmHg). Of  these, 71% of  subjects reported moderate 
dysphagia in the absence of  any other motility disorder[25]. 
There is, however, inconsistency in dysphagia rates be-
tween studies, and the pathophysiology and clinical signifi-
cance of  this are uncertain[24,26,27]. It has also been reported 
in HLES patients that LES nadir pressure is higher than 
that seen in healthy subjects, with a shorter relaxation du-
ration[25,26]. Similar dynamics of  the LES were observed in 
the elderly patients of  the current study.

Disturbances in the activation of  vagal pathways to the 
LES (in particular nitric oxide release) underlie impaired 
sphincter relaxation in motility disorders such as achala-
sia[28]. A loss of  vagal motor control of  the LES has not yet 
been studied in older patients with dysphagia, however it is 
known that ageing is associated with degeneration of  inhib-
itory ganglion cells in the intramural esophageal plexus[29,30]. 
A significant reduction in the number of  neurons inner-
vating the LES leads to increased basal pressure and poor 
relaxation[31]. If  this age-associated neuronal loss occurs to 
a pathologic extent, it may produce dysphagia in a subset 
of  older people. Another possibility may be decreased LES 
compliance, reflecting either changes in the characteristics 
of  the circular muscle or adjacent anatomic structures. Spe-
cifically, this may include the crural fibres of  the diaphragm 
and, in some patients, compression due to ectasia of  the 
descending aorta; however further investigation is required.

Adequate propagation and strength of  distal esophageal 
pressures are pivotal in efficient bolus clearance. Studies us-
ing impedance and fluoroscopic techniques have both con-
firmed that a minimum contractile amplitude of  30 mmHg 
in the distal esophagus is required for sufficient flow across 
the GEJ[32,33]. In patients with hypertensive LES, Gockel  
et al[25] showed that a quarter of  subjects generated pres-
sures in the distal esophagus above 180 mmHg, which is 
consistent with “nutcracker esophagus”. Previous data 
regarding the physiologic effect of  ageing on esophageal 
body function, however, suggests an expected decrease in 
peristaltic amplitude in healthy older people. In the current 
study, distal esophageal amplitudes in elderly patients with 
dysphagia were similar to those of  younger patients, despite 
a higher basal LES pressure and impaired LES relaxation. 
This failure to compensate for increased resistance at the 
GEJ may further contribute to their symptoms.

In conclusion, these data indicate that subtle impair-
ment of  LES relaxation, and thus increased resistance at 
the GEJ, is a potential contributor to dysphagia in elderly 
patients. This may reflect the normal ageing process or the 
pathogenesis of  dysphagia, and warrants further study. As 
there are limited data on LES function in healthy asymp-
tomatic elderly subjects, detailed examination of  this area 
may be of  benefit. 

COMMENTS
Background
Esophageal dysphagia is common in older individuals and adversely affects 
both morbidity and mortality. Previous studies have shown changes in 
esophageal function with advancing age. However, data on the specific 
mechanisms underlying dysphagia in older patients have yielded conflicting 
results. A better understanding of the pathophysiology in this group would 
enable a more targeted approach to treatment.
Research frontiers
Much of our current understanding on esophageal motor abnormalities reported 
with advancing age is based on data from asymptomatic older individuals. In over 
50% of patients with dysphagia, abnormal esophageal motility is seen on manom-
etry. However, no specific differences in the mechanism underlying dysphagia in 
older patients have been identified. In this study, the authors demonstrate subtle 
differences in lower esophageal sphincter (LES) function in elderly dysphagic pa-
tients using a detailed manometric approach. These findings provide new insights 
into the possible mechanisms underlying dysphagia in this patient group.
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Innovations and breakthroughs
The few studies examining esophageal motor function in older patients with 
dysphagia provide conflicting data. Recent studies do not support an earlier 
concept that age-related changes (presbyesophagus) are responsible for symp-
toms. Broad manometric diagnoses are similar between age-groups, although 
it is possible that elderly patients comprise a distinct sub-group of non-specific 
motility disorders. In the current study, LES basal pressure was elevated and 
relaxation impaired in elderly patients. A possible etiology may be degeneration 
of neurons innervating the LES, which has been described with ageing.
Applications 
There is a need for a greater understanding of esophageal motor changes 
that are specific to older patients with dysphagia. The absence of a clearly 
understood pathogenic mechanism in this group currently limits the provision of 
specific therapeutic recommendations.
Terminology
High resolution manometry is a methodology that improves visualization of 
esophageal contractility. Intraluminal pressures are displayed as a colour plot 
over time, using multiple closely spaced pressure sensors (time on x-axis and 
location of sensors on y-axis). Pressure values between sensors are extrapo-
lated and amplitudes displayed as different colours in the plot.
Peer review
In this manuscript, Besanko et al compared esophageal motility between older 
and younger adults with dysphagia using high resolution manometric data 
analysis. The trial is carefully performed and clinically important.
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