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Can patient symptoms 
reliably predict major 
oesophageal motility 
disorders assessed by 

conventional water 
perfusion manometry?

Conrad Stranz, Thomas Watkinson, Andrea Cross,  
Peter Hamer, Ross Roberts

ABSTRACT
AIM: This study aimed to determine whether symptoms can reliably predict a major disorder of 
oesophageal motility as assessed by conventional water perfusion manometry.

METHODS: Data from patients who underwent conventional water perfusion oesophageal manometry 
and a pre-manometry questionnaire between October 1998 and August 2018 were extracted from a 
database. Clinical features (dysphagia, chest pain, regurgitation, dysphagia to a bread challenge) and 
combinations of these clinical features were compared to manometric diagnoses. 

RESULTS: Data from 546 patients were analysed. Thirty-three (6%) patients had a major disorder 
of motility, and 513 (94%) had normal manometry or a minor disorder of motility. ‘Any dysphagia’ 
(dysphagia as a symptom or dysphagia to a bread challenge) or ‘chest pain’ was experienced by all 
patients with a major disorder of motility and 435 of 513 patients with normal manometry or a minor 
disorder of motility (p=0.009). Sensitivity was 100%, and specificity was 15%, in identifying patients 
with a major disorder of motility using symptom combinations and a bread challenge. 

CONCLUSION: Symptoms and provoked dysphagia to bread were able to predict patients with a 
major disorder of oesophageal motility with a sensitivity of 100%. However, as specificity was 15%, 
confirmation with manometry is indicated if possible. 

Oesophageal manometry is the inves-
tigation of choice for assessment of 
motor function of the oesophagus.1 

It can be performed to identify patients 
with a major disorder of motility, if this is 
suspected, or to help decide whether a pa-
tient is appropriate for anti-reflux surgery. 
The Chicago classification has been devel-
oped to aid analysis and interpretation of 
high-resolution manometry.2 Prior to high 
resolution manometry and the Chicago 
classification, despite there being no uni-
versally accepted classification of motility 
disorders, certain conditions were well 
described (Table 1).3

Limited access to oesophageal manometry 
can result in delays to diagnosis and 
treatment for major motility disorders of the 
oesophagus as well as anti-reflux surgery. 
Because high resolution manometry is 
not readily available globally and is more 
expensive to set up and maintain,4 conven-
tional water perfusion manometry retains 
a role in assessing oesophageal motility. 
A comparative study of water perfusion 
and solid-state systems for oesophageal 
manometry concluded that most pressure 
measurements were consistent between the 
two systems. Patient tolerance was better for 
water perfusion manometry.5
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Table 1: Criteria for disorders of motility with conventional water perfusion manometry (major disor-
ders of motility above red line).3

Diagnosis Manometry LOS baseline pressure 
(normal<45mmHg)

LOS relaxation  
(complete  
relaxation<5mmHg)

Achalasia Absence of peristalsis Elevated Incomplete 

Diffuse oesophageal 
spasm

• > 20% simultane-
ous contractions

• Repetitive  
contractions

• Prolonged  
contractions

• May have high 
amplitude

May be abnormal  
but not diagnostic

Nutcracker  
oesophagus

• Mean amplitude  
> 180mmHg

• Long duration  
(> 6 sec)

May be hypertensive

Aperistalsis (with 
concurrent diagnosis 
of connective tissue 
disorder)

Absence of peristalsis Normal or atonic

Hypertensive LOS  
(incomplete relaxation)

Normal Elevated Incomplete

Pseudoachalasia (with 
concurrent diagnosis 
of underlying cause: 
eg, OGJ tumour  
infiltration)

Complete or near  
complete absence  
of peristalsis

Elevated Incomplete

Severe dysmotility not 
otherwise classified

Did not completely 
meet diagnostic  
criteria of one of 
above major motility 
disorders; incomplete 
features of > 1 major 
motility disorder

Non-specific  
dysmotility

• ≥ 30% non-trans-
mitted (failed) 
contractions 
and/or 
mean amplitude  
< 35mmHg

• May have  
prolonged  
duration (> 6 sec) 
but not meeting 
criteria for  
another diagnosis 
with this feature

Normal or atonic Complete

Hypertensive LOS 
(complete relaxation)

Normal Elevated Complete

OGJ: oesophagogastric junction; LOS: lower oesophageal sphincter.
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Authors have advocated manometry both 
routinely and selectively prior to anti-reflux 
surgery.6–9 However, criteria for selective 
use of manometry are not clearly defined. 
A thorough history is mandatory and may 
increase clinical suspicion of gastro-oesoph-
ageal reflux or a primary motility disorder. 

In patients being assessed for dysphagia, a 
symptom questionnaire along with contrast 
radiography and gastroscopy can help 
predict the diagnosis of achalasia.10 

This study aimed to determine whether 
symptoms can reliably predict a major 
disorder of oesophageal motility as 
assessed by conventional water perfusion 
manometry.

Methods
The need for formal ethics approval was 

waived by the Health and Disability Ethics 
Committee (HDEC), Ministry of Health, New 
Zealand.

De-identified data from all patients who 
underwent conventional water perfusion 
oesophageal manometry and a pre-ma-
nometry questionnaire between October 
1998 and August 2018 were extracted from 
a database. Data included demographic 
data (age, sex), oesophageal manometry 
results and responses to a pre-manometry 
questionnaire. 

Oesophageal manometry was performed 
using a standardised protocol. Patients 
fasted for six hours prior to manometry. 
Acid suppression medications were not 
withheld. A water perfused system with an 
eight-lumen catheter assembly was used 
(Mui Scientific, Mississauga, Canada). The 
proximal side hole is 6cm from the second 
side hole. The next four side holes are 
spaced at 5cm increments. A 6cm sleeve 
sensor and a distal side hole then follow. 
The catheter assembly was connected to a 
pressure transducer/perfusion pump unit 
(Dentsleeve Mark II, Mui Scientific, Missis-
sauga, Canada). This unit was connected 
to a polygraph (PC Polygraph HR, Synectics 
Medical, Enfield, UK), which emits a trace 
for subsequent computer software analysis 
(POLYGRAM for Windows, Version 2.04, 
Synectics Medical, Enfield, UK).

With patients sitting upright, the catheter 
was passed trans-nasally into the stomach, 
and deep inspiration was performed to 

determine the location of the diaphragm. 
In a left lateral position, the high-pressure 
zone of the lower oesophageal sphincter 
(LOS) was identified by performing a station 
pull-through. With the distal side hole in the 
stomach and the sleeve sensor over the LOS, 
the catheter was fixed. 

Patients took ten syringe-administered 
5mL water swallows, 30 seconds apart. This 
was followed by two consecutive dry bread 
swallows, recording symptoms of dysphagia 
or chest pain. 

Oesophageal manometry results were 
reviewed by the senior author (RR) and each 
patient given one of ten diagnoses based 
on the criteria in Table 1.3 The diagnoses 
were categorised into two groups: (1) major 
disorders of motility and (2) minor disorders 
of motility/normal. The diagnostic criteria 
apply to conventional water perfusion 
manometry and pre-date the Chicago clas-
sification. For consistency, these diagnoses 
were unchanged for the study period. The 
conventional water perfusion manometry 
diagnoses have been correlated to the most 
alike high-resolution manometry diagnoses 
in the Chicago classification v3 (Table 2).

A questionnaire with 16 symptoms was 
completed immediately before manometry. 
Patients assigned a result of ‘never’, ‘occa-
sionally’ or ‘frequently’ to each symptom by 
checking a box.

Achalasia was selected as a model of a 
well described major motility disorder of 
the oesophagus that has negative clinical 
outcomes if left untreated. A literature 
review was performed to identify the 
most common symptoms in achalasia as 
dysphagia (92–100%), regurgitation (59–87%) 
and chest pain (42–74%).11–13 

Thus the patient questionnaire responses 
to the three symptoms, dysphagia, regurgi-
tation, and chest pain, were analysed. The 
exact words printed on the questionnaire 
were ‘difficulty in swallowing’, ‘regurgi-
tation’ and ‘chest pain’.

Data also included whether patients were 
dysphagic to a bread challenge (observed 
at time of manometry). These data were 
collected for analysis if available. Ques-
tionnaire responses of ‘occasionally’ or 
‘frequently’ to each of the three symptoms 
resulted in that symptom being considered 
present. A fourth clinical category, ‘any 
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dysphagia’, described patients with either 
dysphagia symptoms (occasional or 
frequent) or dysphagia to a bread challenge. 

The presence of each of the four clinical 
features was compared between the two 
diagnostic categories (major disorders of 
motility and minor disorders of motility/
normal).

Permutations of clinical features using 
‘or’ as a function were analysed (eg, ‘any 
dysphagia’ or ‘chest pain’), generating seven 
possible clinical feature combinations (Table 
3). The presence of clinical feature combi-
nations was compared between the two 
diagnostic categories. 

Comparisons were performed using 
Fisher’s exact test and Pearson’s Chi-Squared 
test. Statistical analysis was performed using 
IBM SPSS Statistics for Windows, version 

25 (IBM Corp, Armonk, NY, USA). A p-value 
<0.05 was considered statistically significant.

Results
Data were available for 555 patients. Eight 

patients had a history of anti-reflux surgery, 
and one patient had incomplete manometry 
results. These patients were excluded, 
leaving 546 patients eligible for analysis. 
An audit of indications for manometry 
for the study period showed that 78% of 
manometry studies were performed as 
routine assessment prior to fundoplication, 
and 22% were undertaken to investigate 
patient symptoms.

Thirty-three (6%) patients had a major 
disorder of motility, and 513 (94%) had 
normal manometry or a minor disorder of 
peristalsis (Tables 1 and 2). 

Table 2: Correlation of manometric diagnostic criteria between conventional water perfusion manome-
try and high-resolution manometry.

Diagnosis—conventional wa-
ter perfusion manometry

Diagnosis  
(Chicago classificaton V 3.0)—
high-resolution manometry

Number of patients

Disorders with OGJ outflow 
obstruction

Achalasia Achalasia 16

Hypertensive LOS  
(incomplete relaxation)

Incompletely expressed  
achalasia

6

Pseudoachalasia Mechanical obstruction 0

Major disorders of peristalsis

Diffuse oesophageal spasm Diffuse oesophageal spasm 0

Nutcracker oesophagus Jackhammer oesophagus 3

Aperistalsis Absent contractility 4

Severe dysmotility not  
otherwise classified

4

33

Minor disorders of  
peristalsis/normal

Non-specific dysmotility Minor disorder of peristalsis 176

Hypertensive LOS  
(complete relaxation)

Normal 36

Normal Normal 301

513
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There was no statistically significant 
difference between patients with a major 
disorder of motility when compared to those 
with a minor disorder of motility/normal, 
when assessed for age or sex. The median 
age of patients with a major disorder of 
motility was 56 years compared to 50 years 
in patients with a minor disorder of motility/
normal (p=0.384). Thirteen of 33 (39.4%) 
patients with a major disorder of motility 
were male compared to 266 of 513 (51.9%) 
patients with a minor disorder of motility/
normal (p=0.209). 

In all patients having oesophageal 
manometry, on the questionnaire 286 of 546 
(52%) reported dysphagia as either occa-
sional or frequent. 

All 16 patients with achalasia diagnosed 
on manometry reported dysphagia as a 
symptom, and of these, 15 had frequent 
dysphagia (Figure 1). Of 530 patients 
without achalasia, 270 (51%) had symptoms 
of dysphagia. The presence of dysphagia as 
a symptom in patients with achalasia was 

statistically significant when compared to 
dysphagia in patients without achalasia 
(p<0.001). 

Dysphagia was not universal in patients 
with aperistalsis, with three of four patients 
with aperistalsis reporting dysphagia. 

Rates of dysphagia as a symptom and 
‘any dysphagia’ (as a symptom or provoked 
with bread) were higher in patients with 
a major disorder of motility (dysphagia 
in 27/33 (82%) patients, ‘any dysphagia’ 
in 31/33 (94%) patients), in comparison to 
patients with a minor disorder of motility/
normal (dysphagia in 259/513 (50%) patients, 
‘any dysphagia’ in 301/513 (59%) patients). 
This was statistically significant (dysphagia 
p<0.001; ‘any dysphagia’ p<0.001). Dysphagia 
as a symptom was 82% sensitive, and ‘any 
dysphagia’ was 94% sensitive in identifying a 
major disorder of oesophageal motility. Spec-
ificity was 50% for dysphagia as a symptom 
and 41% for ‘any dysphagia’ (Table 3).

Chest pain was reported by 338 of 513 
(66%) patients with a minor disorder of 

Table 3: Major disorders of motility; clinical features in isolation and in combination using ‘or’ function.

  Patients 
(n=33)

Sensi-
tivity

Speci-
ficity

PPV NPV p-value

Clinical features

Dysphagia symptoms 27 81.82% 49.51% 9.44% 97.69% <0.001

Any dysphagia 31 93.94% 41.33% 9.34% 99.07% <0.001

Chest pain  26 78.79% 34.11% 7.14% 96.15% 0.181

Regurgitation 25 75.76% 15.20% 5.43% 90.70% 0.213

Clinical feature combinations

Dysphagia or chest pain 31 93.94% 18.32% 6.89% 97.92% 0.096

Dysphagia or regurgitation 29 87.88% 10.92% 5.97% 93.33% 0.775

Dysphagia or Chest pain or 
regurgitation

32 96.97% 4.87% 6.15% 96.15% 1.000

Any dysphagia or chest pain 33 100% 15.20% 7.05% 100% 0.009

Any dysphagia or regurgitation 31 93.94% 9.16% 6.24% 95.92% 0.758

Any dysphagia or chest pain 
or regurgitation

33 100% 4.09% 6.29% 100% 0.630

Regurgitation or chest pain 31 93.94% 6.63% 6.08% 94.44% 1.000



96

article

NZMJ 12 March 2021, Vol 134 No 1531
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

motility/normal and 26 of 33 (79%) patients 
with a major disorder of motility (p=0.181). 

Regurgitation was present in 435 of 
513 (85%) patients with a minor disorder 
of motility/normal and 25 of 33 (76%) of 
patients with a major disorder of motility 
(p=0.213).

The presence of any dysphagia or chest 
pain was 100% sensitive in identifying 
patients with a major disorder of motility. 
Specificity was 15% with 435 of 513 patients 
with a minor disorder of motility/normal 
also having dysphagia as a symptom, 
dysphagia to a bread challenge or chest 
pain. This was statistically significant 
(p=0.009) (Table 3). 

Discussion
In our study, dysphagia was the most 

reliable clinical feature in identifying a 
major disorder of oesophageal motility, 
with a sensitivity of 94% (dysphagia as a 
symptom or in response to a bread chal-
lenge). Adding chest pain with an ‘or’ 
function increased sensitivity to 100% but 
with a sacrifice in specificity. 

We have also shown that dysphagia is 
reported by all patients with achalasia. This 
is consistent with international series of 
achalasia patients where rates of dysphagia 
are 92–100%11–13

Dysphagia was also reported by more than 
half of all patients undergoing conventional 

water perfusion oesophageal manometry. 
Chest pain (67%) and regurgitation (84%) 
were common in all patients undergoing 
oesophageal manometry for all indications. 
In isolation, these latter two symptoms were 
poor at discriminating between a major 
disorder of motility and normal motility. 

Our data regarding dysphagia, chest 
pain and regurgitation are in keeping with 
international literature. A population-based 
study from Cologne using a questionnaire 
showed that 65% of those with moderate to 
severe reflux symptoms reported additional 
dysphagia symptoms.14 In a further popu-
lation based study, 53% and 58% of patients 
with non-cardiac chest pain also had 
heartburn and regurgitation respectively.15

If manometry is performed as part of the 
work up for anti-reflux surgery, excluding 
achalasia is important. Rather than fundo-
plication in isolation, achalasia patients are 
better served by cardiomyotomy as well. 
There has also been increasing use of POEM 
(PerOral Endoscopic Myotomy) for achalasia 
as an alternative to laparoscopic myotomy 
and partial fundoplication. The implications 
of other major disorders of motility are less 
clear. 

In a study of 15 patients with high 
amplitude peristaltic contractions 
(≥150mmHg) who underwent Nissen fundo-
plication, 27% developed new dysphagia 
or new chest pain. The authors concluded 
that new chest pain, which occurred in 

Figure 1: Symptom frequency in oesophageal motility disorders.
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three patients (20%), should be discussed 
with patients preoperatively, but that high 
amplitude peristaltic contractions were not a 
contraindication to Nissen fundoplication.16 

A manometry database of patients with 
gastro-oesophageal reflux who underwent 
270-degree posterior fundoplication iden-
tified nine patients with aperistalsis. Five 
(56%) of these patients had dysphagia 
pre-operatively, and two of six (33%) had 
long-term dysphagia.17 

A retrospective study of patients 
undergoing Nissen fundoplication for 
gastro-oesophageal reflux identified 15 
patients with functional oesophagogastric 
junction (OGJ) outflow obstruction diag-
nosed with manometry and 196 control 
patients. At one year after surgery, there 
was no difference in rates of dysphagia or 
proportion of patients requiring dilatation 
for dysphagia (13.3% vs 13.8%).18 

Some surgeons may not consider these 
rates of post-operative chest pain or 
dysphagia acceptable. Thus identification 
of high amplitude peristaltic contractions, 
aperistalsis or functional OGJ outflow 
obstruction may still be deemed necessary 
by some surgeons if anti-reflux surgery is 
being considered. 

Unexpectedly in our series, dysphagia 
was more common in patients with hyper-
tensive LOS with complete relaxation (minor 
disorder of motility) when compared to 
hypertensive LOS with incomplete relax-
ation (major disorder of motility). This latter 
group of patients has preserved peristalsis, 
and in the Chicago classification v3, it may 
be considered as OGJ outflow obstruction/
incompletely expressed achalasia. It is 
important to detect these patients although 
the clinical significance and sequelae of 
non-mechanical OGJ outflow obstruction 
are unclear. In our cohort, six patients had 
hypertensive LOS with incomplete relax-
ation. Two of these had no follow up as their 
referral for manometry was external. One 
patient with no pre-manometry dysphagia 
had a hiatus hernia repair without fundo-
plication. He presented two years later with 
dysphagia and required endoscopic dila-
tation. Of the remaining three patients, one 
reported dysphagia on questionnaire. All 
three were treated with laparoscopic cardio-
myotomy and partial fundoplication. None 

of these three patients had post-operative 
dysphagia and are all clinically improved 
(from chest pain and regurgitation in the 
two who never had dysphagia). Follow-up 
time was three months to eight years. 

In a series of 16 patients with non-me-
chanical OGJ outflow obstruction diagnosed 
by high-resolution manometry, nine 
underwent intervention. Three patients had 
cardiomyotomy, three had pneumatic dila-
tation, two had Botox and one had standard 
dilatation.19 At 12 months, cardiomyotomy 
was effective in relieving symptoms in all 
three patients, and non-surgical intervention 
was ineffective in all six patients who had 
endoscopic treatment. Of all 16 patients, 15 
(94%) had dysphagia prior to intervention. 

A series from the Netherlands describes 
34 patients with idiopathic OGJ outflow 
obstruction diagnosed by manometry. Of 
these patients, eight had typical achalasia 
symptoms (dysphagia was the dominant 
symptom in all).20 These eight patients were 
treated with Botox (five patients) and pneu-
matic dilatation (three patients). Follow-up 
time was 6 to 18 months. Patients treated 
with Botox all had a short-lived effect 
(symptom free for 6 to 10 months), while 
pneumatic dilatation was effective in one 
patient but not in two. Three of the eight 
patients in the treatment group developed 
achalasia between 11 and 18 months, and 
these three patients had intact peristalsis on 
index manometry. 

Idiopathic OGJ outflow obstruction 
includes a spectrum of symptoms and has 
an unpredictable progression to achalasia. 
In our series, although cardiomyotomy was 
effective in symptom relief, only one of four 
patients had dysphagia initially. The patient 
who had a hiatus hernia repair (and no 
pre-operative dysphagia) took two years to 
develop dysphagia; this time period suggests 
a loss of peristalsis and possible progression 
to achalasia, although manometry was not 
repeated. 

In our series, each diagnosis had a 
distinctive pattern of symptom frequency 
except for normal/minor disorders of motility 
(hypertensive LOS with complete relaxation, 
non-specific dysmotility) (Figure 1).

Other approaches to identify patients 
with major disorders of peristalsis have 
been employed. A study of 431 patients 
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aimed to establish whether contrast swallow 
could identify patients with disorders of 
peristalsis that would change the oper-
ative plan of a surgeon.21 These authors 
reported that, if a major motility disorder 
was present, the contrast swallow was 
abnormal in 27 of 28 patients (sensitivity 
of 96.4%). Although their manometric 
criteria for diagnoses were consistent with 
the Chicago classification v3, these authors 
considered achalasia, absent contractility 
and ineffective oesophageal motility to be 
the only disorders that could alter surgical 
decision making. This conflicts with our 
consensus that OGJ outflow obstruction, 
hypercontractile (Jackhammer) oesophagus 
and diffuse oesophageal spasm are also 
potential contraindications to primary anti-
reflux surgery (the Chicago classification 
v3 classifies these as major disorders of 
peristalsis). Thus, in this study by Alicuben 
and colleagues, if OGJ outflow obstruction, 
hypercontractile oesophagus and diffuse 
oesophageal spasm were considered major 
motility disorders, 49 of 60 patients with 
a major disorder of peristalsis had an 
abnormal contrast swallow, giving a sensi-
tivity of 81.7% rather than the reported 
96.4%.21 

Strengths of our study include a stan-
dardised manometry protocol over the 
whole study period, analysis of a large 
number of patients, with 33 having a major 
disorder of motility, and constant diag-
nostic criteria for the whole study period. 

Manometry interpretation was performed 
by the same clinician for the whole study 
period. 

There are limitations of our study. Oesoph-
ageal manometry was conventional water 
perfusion manometry and not high-res-
olution manometry. Despite this, we are 
not aware of any mis-diagnoses in this 
patient cohort. The retrospective nature 
of our study could potentially introduce 
bias, although in all cases the question-
naire was performed prior to manometric 
diagnosis. The study is also limited by the 
inherent weakness of any symptom-based 
questionnaire. It is possible that a different 
type of questionnaire may be of higher 
yield. However, this is not yet established. 
The majority of patients in our study had 
oesophageal manometry performed as 
routine work up prior to consideration of 
anti-reflux surgery. The low number of 
major motility disorders likely reflects the 
referral pattern for the service. 

In our study, dysphagia as a symptom 
or in response to a bread challenge had a 
sensitivity of 94% in identifying a major 
disorder of oesophageal motility. Thus, if 
there is a need to exclude such a condition 
prior to anti-reflux surgery when access 
to oesophageal manometry is limited (eg, 
Christchurch is the only centre on the South 
Island of New Zealand where manometry is 
available), a symptom questionnaire, bread 
challenge and contrast swallow may be 
acceptable. 
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