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ABSTRACT

Background/Aims: Manometric measurements are crucial for diagnosing esophageal motility disorders. High-resolution manometry
(HRM) studies mainly use 2 catheter systems: solid state (SS) and water perfused (WP), each with distinct advantages. This study aimed
to establish normal values for esophageal manometry using both 36-channel WP and SS catheters in healthy volunteers.

Materials and Methods: This study, conducted between January 2017 and September 2018, included 44 healthy volunteers with no
upper gastrointestinal symptoms or history of gastrointestinal surgery (except inguinal hernia repair or appendectomy). Participants
gave written informed consent, abstained from medications and alcohol, and underwent normal endoscopy. They then had 2 consecu-
tive esophageal manometry sessions, 1 day apart, using a 36-channel SS-HRM catheter and a 36-channel WP-HRM catheter. All trac-
ings were analyzed using the Chicago classification version 3.0.

Results: Four participants were excluded due to gastroesophageal reflux disease (GERD). Of the remaining 40 (age 37.4 + 7.6, 62.5%
male), all underwent WP-HRM, and 34 underwent SS-HRM. In SS-HRM, 74 of 386 swallows were <450 mm Hg-s-cm; in WP-HRM, 151 of
441 swallows were <<450 mm Hg-s-cm. Thus, 4 of 34 volunteers (11.8%) in SS-HRM and 12 of 40 (30%) in WP-HRM had 250% swallows
with DCI <450 mm Hg-s-cm. Median IRP4 was 17 (7-27) mm Hg in SS-HRM vs. 6 (0-18) mm Hg in WP-HRM. The 5th-95th percentile DCI
was 183-2962 mm Hg-s-cm in SS-HRM vs. 65.5-1711.5 mm Hg-s-cm in WP-HRM.

Conclusion: This study compares normal values and differences in WP-HRM and SS-HRM among healthy Turkish volunteers, demon-
strating differing diagnostic criteria and providing valuable reference data for future studies.

Keywords: Esophageal motility disorders, manometry, water-perfused high-resolution manometry, solid-state high-resolution
manometry

INTRODUCTION

Functional esophageal disorders are common in the
general population and cause significant morbidity.
Manometric measurements, which are among the most
important methods for diagnosing esophageal motil-
ity disorders, have become more popular and relevant in
recent years with the development of new technologies.
Clinically, esophageal manometry is indicated to evalu-
ate dysphagia, odynophagia, achalasia, hypercontractile
esophageal motility disorders, non-cardiac chest pain,
and gastroesophageal reflux disease (GERD), as well as
to assess patients before anti-reflux surgery."* High-
resolution manometry (HRM) is a newer method that is
faster and easier to apply than conventional manometry.'
High-resolution manometry studies mainly use 2 types
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of catheter systems: solid state (SS) and water perfused
(WP), which have different advantages and disadvan-
tages. Water-perfused catheters are more difficult to set
up and use, but they are also more comfortable, cheaper,
flexible, and thinner than SS catheters on the other hand,
SS catheters have advantages over WP catheters, such
as faster response, higher resolution, and easier handling
therefore, it is considered the gold standard for esopha-
geal HRM.®

Water-perfused high-resolution manometry system is a
low-cost option for esophageal manometry, especially
in developing or under-developed countries. It uses a
disposable silicone catheter with multiple water-filled
channels that are connected to external transducers
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by a pneumatic pump. This system enhances patient
safety and reduces the risk of infection. However, WP
catheters have some drawbacks, such as being prone
to channel obstruction, requiring more time for installa-
tion and calibration, and needing skilled staff for main-
tenance. Water-perfused catheters can be sterilized by
autoclave.®

The Chicago Classification is the standard protocol for
evaluating esophageal motility with HRM.8® It defines
the normal values for various metrics based on data
from Western populations in supine posture using SS
catheters.®

However, these values may not be applicable to other
populations or catheter types. There are limited studies
on the normal values obtained by WP catheters in healthy
volunteers as well as SS catheters.'%!"

Moreover, most of these studies only screened for symp-
toms and did not exclude other potential causes of
esophageal dysfunction, such as silent gastroesophageal
reflux disorder, by using upper gastrointestinal endos-
copy and/or 24-hour intra-esophageal pH-impedance
monitoring. Therefore, this study aimed to determine the
normal values of esophageal manometry performed by
both 36-channel WP and SS catheters in the same cohort
of healthy volunteers in addition to upper gastrointesti-
nal endoscopy and 24-hour pH-impedance monitoring.
Therefore, this study aimed to determine the normal
values of esophageal manometry performed by both
36-channel WP and SS catheters in the same cohort of
healthy volunteers

Main Points

This study establishes normal esophageal manometry val-
ues for both 36-channel WP and SS catheters in healthy
Turkish volunteers.

The study demonstrates significant differences in diag-
nostic thresholds for integrated relaxation pressure (IRP)
and distal contractile integral (DCI) between WP-HRM and
SS-HRM.

Water-perfused high-resolution manometry showed a
higher percentage of ineffective swallows compared to
SS-HRM, potentially leading to overdiagnosis of ineffective
esophageal motility disorders.

The findings highlight the importance of adjusting diag-
nostic criteria based on catheter type to avoid misdiagno-
sis in clinical practice.

This reference data provides a valuable basis for future
research and clinical applications involving esophageal
HRM in different populations.

MATERIALS AND METHODS

This study, conducted between January 2017 and
September 2018, included 44 healthy volunteers with no
upper gastrointestinal symptoms or history of gastroin-
testinal surgery (except inguinal hernia repair or appen-
dectomy). The study was approved by the Ege University
Ethical Committee (Ethics approval number: 17-4.1/8,
date: 08.05.2017). Forty-four healthy volunteers without
any upper gastrointestinal symptoms or history of gastro-
intestinal surgery (except inguinal hernia repair or appen-
dectomy) were recruited and gave written informed
consent. They were instructed to stop any medication
that could affect upper gastrointestinal motility at least 1
week before the study and to avoid alcohol consumption
1 day before and on the day of the study.

All participants underwent upper gastrointestinal endos-
copy to rule out any structural or mucosal abnormali-
ties. Those who had normal endoscopy results were then
scheduled for 2 consecutive esophageal manometry ses-
sions with 1 day interval, using a 36-channel unidirec-
tional SS-HRM catheter [Medical Measurement Systems
(MMS)-Unisensor—HRM K 123659-00-1002 D] and a
36-channel multidirectional WP HRM catheter (MMS—
HRWM CE4-1194), respectively. Before the procedures
with WP catheters, systems were carefully examined and
amount of water flow was measured. Both catheters were
calibrated and inserted through the nose after apply-
ing local anesthetic spray, while the participants were in
supine position. The catheters were positioned such that
at least 2 distal channels were in the stomach. The partic-
ipants were asked to swallow 5 mL of water every 20-30
seconds until 10 complete swallows were recorded. The
data were acquired and stored on a personal computer
using a sample frequency of 25 Hz (MMSs, Enschede,
The Netherlands). All manometric tracings were manually
analyzed using the Chicago classification version 3.0 (ver-
sion of software 9.3).

The following parameters were measured in HRM record-
ings: lengths of upper esophageal sphincter (UES), lower
esophageal sphincter (LES) and esophageal body; resting
pressures of UES and LES; integrated relaxation pres-
sure (IRP); distal contractile integral (DCI); distal con-
traction latency (DL); peristaltic break; percentage of
ineffective peristaltic waves; and intragastric pressure.
Integrated relaxation pressure was defined as the mini-
mal median pressure during a 4-second relaxation period
and expressed as mm Hg. Distal contractile integral quan-
tified the length, vigor, and persistence of post-degluti-
tive pressurization in the distal esophageal segment and
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expressed as mm Hg-s.cm.®’ If distal esophageal contrac-
tion did not occur following a successful swallow, this
contraction was also included in the analysis. The norma-
tive cut-off values for each parameter were derived from
the literature as follows: IRP (less than 95th percentile),
DL (minimum value), DCI (5th-95th percentile: normal;
>95th percentile: jackhammer esophagus; 5th-10th per-
centile: weak; and <5th percentile: failed), and peristaltic
break (<5 cm and >5 cm by segment: proximal or distal).
After the second manometry session, all participants
underwent a 24-hour esophageal multichannel intra-
luminal impedance and pH (Mll-pH) test to exclude any
silent gastroesophageal reflux disorder.

Statistical Analysis

Data were analyzed using the PASW Statistics for
Windows, Version 18.0 (SPSS Inc., Chicago, IL, USA).
Descriptive statistics were expressed as mean * standard
deviation, median, minimum-maximum, and 5th-95th
percentile for numerical variables. The Bland-Altman
method was used to assess the agreement between
WP-HRM and SS-HRM in 34 volunteers who underwent
both HRM.

RESULTS

Out of the 44 volunteers, 4 were excluded from the study
as they had GERD according to the upper gastrointesti-
nal endoscopy or Mll-pH results (9.1% of the healthy vol-
unteers). The remaining 40 participants (age 37.4 + 7.6,
25%-62.5% male) underwent WP-HRM and 34 of them
also underwent SS-HRM. The results of WP-HRM and
SS-HRM are presented in Table 1.

In SS-HRM, 74 out of 386 swallows were ineffective and
in WP-HRM, 151 out of 441 swallows were ineffective.
Therefore, in SS-HRM, 4 out of 34 volunteers (11.8%) and
in WP-HRM, 12 out of 40 volunteers (30%) had =50%
swallows with DCI <450 mm Hg-s-cm. Six volunteers were
found to have ineffective esophageal motility according
to the CCV3.

The HRM metrics for the supine position are presented
in Table 1 for 40 healthy volunteers from our study. The
median (min-max) IRP4 was 17 (7-27) mm Hg in SS-HRM
compared to 6 (0-18) mm Hg in WP-HRM. The 5th-95th
percentile of DCl was 183-2962 mm Hg-s-cm in SS-HRM
compared to 65.5-1711.5 mm Hg-s-cm in WP-HRM. The
DL (mean £ SD) was 7.5 £ 0.9 seconds in SS-HRM com-
pared to 7.2 + 1.4 seconds in WP-HRM. The LES resting

pressure (mean * SD) was 35.1 £ 13.2 in SS- HRM com-
pared to 18.5 £ 7.4 in WP-HRM.

Agreement Between Solid-State High-Resolution
Manometry and Water-Perfused High-Resolution
Manometry

The results of the Bland-Altman plot analysis performed
to assess the agreement between the SS-HRM and
WP-HRM for the measurements of LES-resting, IRP (5
mL), DCI esophageal length (inspiration), and inefficient
peristalsis percentage are presented in Table 2.

The mean bias value was between =7.26 and 42.482 for
LES-resting pressure, between 0.47 and 21.81 for IRP,
between —534.79 and 1648.02 for DCI, between —1.61
and 2.67 for esophageal length (inspiration), and -47.30
and 65.07 for inefficient peristalsis percentage.

A moderate degree of reliability was found between
SS-HRM and WP-HRM for LES-resting pressure, IRP, and
DCI measurements. The average intraclass correlation
coefficient (ICC) values were 0.128 (95% CI: —0.088 to
0.386) for LES-resting pressure, 0.061 (95% CI: -0.057
to 0.243) for IRP, and 0.445 (95% CI: —0.037 to 0.729)
for DCI. A high degree of reliability was found between
SS-HRM and WP-HRM for esophageal length (inspiration)
measurements with the average ICC value of 0.831 (95%
Cl: 0.646-0.918). A poor degree of reliability was found
between SS-HRM and WP-HRM for inefficient peristal-
sis percentage measurements. The average ICC value was
0.005 (95% CI: -0.302 to 0.325).

DISCUSSION

This study compared the normal values of SS and WP
catheters in the healthy volunteers of Turkish people—
Izmir, Turkiye—in 2 consecutive days, after excluding any
gastrointestinal symptoms or disorders by upper gastro-
intestinal endoscopy and 24-hour MIl-pH test. We found
that the upper limit of IRP was 26 mmHg for SS-HRM and
15 mm Hg for WP-HRM, suggesting that the normal val-
ues for IRP should be adjusted for these catheters. We also
found that WP-HRM showed more ineffective peristaltic
waves than SS-HRM, which may lead to overdiagnosis of
ineffective motility disorder. Moreover, we found that DCI
values were lower in WP-HRM than in SS-HRM, which
may result in underdiagnosis of hypercontractile disor-
ders, such as jackhammer esophagus or overdiagnosis of
ineffective motility disorders such as related with GERD.
Esophageal motility studies use devices and catheters
from different manufacturers and configurations. The
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Table 1. Results of Water-Perfused High-Resolution Manometry and Solid-State High-Resolution Manometry of the Volunteers

SS-HRM WP-HRM
Median 5th-95th Median 5th-95th
N Mean = SD (min-max) Percentile N Mean + SD (min-max) Percentile
UES parameters
Resting pressure, 34 98.3+52.0 92 (26-225) 32-219 39 100 £ 52.7 96 (25-223) 30-193
mm Hg
IRP0.2s,mmHg 34 1.3+53 1([-10]-16) (-8)-11 39 18.0+9.9 16 (1-55) 7-44
IRP0.8s,mmHg 34 28.4+11.6 27.5 (8-55) 9-51 39 28.4£11.0 28 (1-61) 9-53
Length 34 3.0+05 2.8(1.9-4.2) 2-4 39 3.4+06 3.3(2.4-5.6) 2.9-5.0
LES parameters
Resting pressure, 34 35.1+13.2 36 (13-68) 14-64 40 185+7.4 17.5 (2-36) 8-31.5
mm Hg
IRP 4s, mm Hg 34 17.7+51 17 (7-27) 10-26 40 7.04+4.05 6 (0-18) 1-15.5
Length, cm 34 29+05 2.9 (1.9-3.8) 2.0-3.7 40 29+06 3(1.6-3.9) 21-3.9
Esophageal
parameters
DCI,mmHgscm 34  1297.2+7526 1080 (36-3390) 183-2962 40 7181+477.6 6485 (34-2251) 65.5-1711.5
DL, s 34 75+0.9 7.4 (5.8-9.4) 5.9-9.2 39 72+14 7.2 (1.4-10.1) 5.6-9.5
Length 34 229+20 22.9(18.4-26.3) 18.8-26.2 40 22.4+19 22.1(18.2-26.8) 18.9-25.3
(inspiration), cm
Length 34 21.8+20 21.7(17.2-25.2) 17.2-24.6 40 2156+21 21.5(17.2-28.1) 18.1-24.7
(expiration), cm
Peristaltic break 34 27+27 2.2 (0-10.7) 0-10.6 40 35+29 2.6 (0-11.7) 0-8.4
Ineffec- 34 19.1+255 9 (0-100) 0-100 40 33.8+34.8 25 (0-100) 0-100
tive peristalsis
percentage

DCI, distal contractile integral; DL, distal contraction latency; IRP, integrated relaxation pressure; LES, lower esophageal sphincter; min-max, minimum-manxi-
mum; SD, standard deviation; SS, solid-state high-resolution manometry; UES, upper esophageal sphincter; WP, water perfusion high-resolution manometry.

Chicago classification, which is widely used in esophageal
motility disorders, defines the normal values for various
metrics based on data from a single device and catheter
type. The upper limit of IRP is considered to be 15 mm Hg
according to the results obtained from another motility
system manufacturer, and any higher value is considered
as a major pathology indicating achalasia or esophago-
gastric junction outflow obstruction. The DCI value of
<450 mm Hg-s-cm is also considered as a pathological
condition. These metrics are important for the diagnosis
of major and minor motility disorders of the esophagus.
However, different devices and catheters may have dif-
ferent normal values, depending on their technical speci-
fications and calibration methods. Many users may not be
aware of these differences and may use the same normal
values regardless of the system or the catheter they have
been using. This may lead to inaccurate diagnosis and
treatment of esophageal motility disorders. Therefore,

it is important to establish the normal values for each
device and catheter type based on data from healthy vol-
unteers.” This is specifically true for WP motility systems
since many normal values have been obtained from SS
systems. Head-to head comparative to studies in same
patients between those 2 systems are also lacking. In this
study, we used the system from MMS/Laborie Company
together with the SS-HRM and WP-HRM catheters in
2 different configurations, which are manufactured by
Unisensor and widely used. Our study has some advan-
tages over the previous studies on normal values. First,
we selected healthy volunteers among asymptomatic
subjects as well as normal upper Gl endoscopic exami-
nation and 24-hour Mll-pH test. This detail, which is fre-
guently ignored in the studies, is important as it allows
elimination of various pathologies, primarily silent GERD.
Indeed, 4 cases in this study were excluded because of
GERD. This rate is even lower than the rate of erosive
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R g esophagitis detected by upper Gl endoscopy in asymp-
“é 518 S5 % s tomatic cases, which is about 10% in some studies.”® It is
sl > m|© © S o E known that GERD can affect DCI and LES-resting pres-
N 2 sure.™ Therefore, attention should be paid to the results
° 52|18 B> 9 9 g of the studies conducted only in asymptomatic volun-
§ é S 28 = S 5 teers without excluding GERD by objective tests. Second,
Q. .
_ ! b ! s we measured both WP-HRM and SS-HRM in the same
ﬁ ] volunteers on 2 consecutive days, which minimized the
s 25 :é inter-individual variability and allowed direct comparison
< '—é;f a 3 § o N 2 between the 2 systems. Third, we measured all relevant
£ 85| © o oS S 2 parameters for esophageal motility, including esophageal
< -0 £ length and ineffective peristalsis percentage, which were
2 % not reported in some earlier studies. We also included all
% § <l o o 2 o ° swallows in DCI calculation, regardless of their effective-
g ° N ©|o . . . . .
2 g ‘é S ‘é«f 8 8 5 3 NI ness, which we think is a correct technique. In this study,
¢ | 5 28| S I § |2 particularly the data obtained by WP catheter indicated
2 % a £ that 30% (12/40) of the healthy volunteers had 250%
> |8 ~ - : swallows with DCI <450 mm Hg:s-cm, which would qual-
S E § 2 E ¥ R § 2 8|9 ify them for ineffective motility disorder according to the
h= =] : s 5 . ape . . . oe
5 | ®| 38|~ hd § < 8 g3 Chicago classification. In this study, we found similarities
é 3 ! ! g and differences between 36-channel WP catheter and
_b'co ° £ SS catheter in terms of HRM metrics. In line with a pre-
T a § 22893 % 2 r_% vious study using a 4-channel catheter (12), we found
£1gl ?2a e 2 o S that LES pressure was higher in SS-HRM (35.1 £ 13.2 mm
& S © fg Hg) than in WP-HRM (18.5 + 7.4 mm Hg). We also found
% & © © N § that IRP was higher in SS-HRM than in WP-HRM, which is
g a %" g T 5 9 3 § g consistent with some studies but not others. The normal
T 6 9 i s : : . ; .
5 E ~ = § o N‘T Slu values for IRP obtained by various studies using different
w .
% = catheters are shown in Table 3. We found that DCI was
g < s & > lower in WP-HRM than in SS-HRM, but DL was similar in
g | s lép’@\ g -9 Y g WP-HRM and SS-HRM, which is in accordance with some
E x| =2 2 3‘) + 2 z 5 studies. The normal values of parameters of esophageal
| = 0| © ~— Q=1 . . . . .
% 2l c8le o S 2 % Ly HRM reported in various studies using different catheters
~ — | © .
E = 5 a| - hy : QY ~|® are shown in Table 3.
(0] © el
@ >3 8
o zls $93 I 9 %ﬂ Agreement analysis revealed a poor degree of reliability
_-'_5 £ . between SS-HRM and WP-HRM for LES-resting pressure,
2 s N REE: IRP, and DCI and a high degree of reliability for esopha-
€223 823 8& 5 |56 geal length (inspiration). However, there was a poor degree
a | S5 Qa0 ® o 1S5S T . . X
T | T 85| 283 &8 X IR of reliability between the 2 systems in terms of ineffi-
219l 55l ~ S = S SlEE cient peristalsis percentage. These results suggest that
_— D_ ~ . n = .
E 3° 8 o ~lo 3 WP-HRM and SS-HRM may not be interchangeable for
- g
3 = ot some measurements and that the normal values should be
é zl3 383 3 8| adjusted for each system. Water-perfused high-resolution
[} .
:2 £5 manometry catheters and their systems usually belong to
g w0 £ ﬁ =3 a single manufacturer. Even so, the normal values of IRP
— 5 £
3 é w2 55 . g8 vary between 2.5 and 23.5 mm Hg'®'® and the normal val-
g weg g ¥ E E ° i S % ues of LES resting pressure vary from 5 to 54 mm Hg.'®'"
IS 2¢ £ g wg g0 T3
2 w8 3 5 g-E_ £2 @ 6% In all studies, interestingly, the lower limits of DCI are
s Heaxa @5 £8 alasg extremely low. Therefore, the diagnostic criteria for
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ineffective peristalsis and jackhammer esophagus should
be re-evaluated for WP-HRM. It should also be noted that
normal values of WP and SS catheters are quite different
in clinical practice. In some centers, both catheters are
used in the same system. In this case, the normal values
should be changed according to the catheter type.

This study and similar studies are of critical importance
in clinical practice. Unfortunately, some centers only rely
on the numbers without taking care of differences related
to fit systems or catheters, resulting in wrong diagnoses.
Those mistakes might result in dangerous invasive proce-
dures. It is an important responsibility of the industry to
provide the normal values for every catheter and system
they produce and distribute. Furthermore, meta-analyses
of the studies investigating the same catheter type are
needed to establish more robust normal values.

The limitations of this study are the use of a single device
and catheter type from one manufacturer, which may
limit the generalizability of the results to other devices
and catheters; the lack of measurement in the upright
position, which may affect some HRM metrics; and the
lack of provocative tests, which may reveal latent motility
disorders.

In conclusion, our study compares the normal values and
differences of WP-HRM and SS-HRM in a large and well-
selected group of healthy Turkish volunteers. Our study
demonstrates that WP-HRM and SS-HRM have different
diagnostic values and thresholds for esophageal motility
disorders and also provides valuable reference data for
future studies that use WP-HRM or SS-HRM in different
populations or settings.
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