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Abbreviations: HREPT, high resolution esophageal pressure 
topography; EMD, esophageal motility disorders; CC, chicago 
classification; Hv, healthy volunteers; IRP, integrated relaxation 
pressure; DCI, distal contractile integral 

Background and aims
The High Resolution Esophageal Pressure Topography (HREPT) 

has positioned as the most accurate technique for identifying 
esophageal motility disorders (EMD). Esophageal high resolution 
manometry (HRM) has dramatically changed the information 
obtained, diagnosis and knowledge of new pathologies. There are 
two different systems to perform HRM: the solid-state system and the 
water-perfused system. These systems have different structural and 

dynamic mechanisms to obtain HREPT. They do not need the pull-
through techniques as the motility of the esophagus and the situation 
of the sphincters can be recorded at the same time. 

There are two types of HRM catheters; the pressures registrated 
by each one are converted to electrical signals and then processed 
by software.1,2 The solid-state catheter has a diameter of 4.2 mm. 
It consists of 36 copper sensors, separated by 1 cm each one. Each 
sensor has 12 sensors integrated at the circumference; this means that 
each sensor performs a circumferential registration from the 35 spaced 
segments from the hypopharynx to the stomach3–7 Figure 1(A). The 
dynamic response is high due to the sensors situated in each segment.5 
The water-perfused catheter is a polyvinyl (silicone) tube, consisting 
of sided holes along it (22-36 holes) with different distribution, 
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Abstract

Background and aim:

I. HREPT is the most accurate technique for identifying esophageal motility disorders 
(EMD). 

II. The Chicago Classification (CC) emerged to diagnose EMD. The CC parameters 
were obtained using a solid-state high resolution manometry (HRM) system.

III. There are few studies comparing HREPT metrics between a solid-state versus water-
perfused systems. Aim: To compare the HREPT metrics between both systems in 
healthy volunteers (HV)

Patients and methods:

I. Observational, transversal, crossover and comparative study.

II. HV underwent two HRM: solid-state and water perfused systems. HV were 
randomized for the first HRM and one week later the other system. One HRM was 
performed using a solid-state catheter with 36 pressure sensors and Manoview 2.0 
analysis program. Another HRM was performed using a water-perfusion catheter with 
22 channels and database Inc. MMS program.

III. Ten liquid swallows with 5 cc of water were administered. UES pressure, distal 
contractile integral (DCI), distal latency (DL), LES basal pressure and integrated 
relaxation pressure (IRP) were analyzed. 

IV. Statistical analysis was made with STATA version 11. Non-parametric statistics were 
used to summarize the data and for comparison between the 2 HRM systems. 

Results: Twenty HV were included, 14 women, mean age 34 (24-55) years. The pressures 
in the UES and LES pressures, IRP are lower with the perfusion system (p 0.0064, 0.008 
and 0.0061, respectively) and have a faster peristalsis registration with the solid system, 
(DL p 0.0002). With the CC 2012, the solid state system presented a higher frequency of 
volunteers with hypotensive peristalsis (p 0.0143). 

Conclusion: HREPT metrics: UESp, LESp and IRP were significantly lower when the 
HRM was performed with the water-perfused system. These findings must be considered 
when CC is used to classify EMD with HRM water-perfused system. 

Keywords: High-resolution manometry; Chicago Classification; Hypotensive peristalsis; 
Lower esophageal sphincter; Esophageal peristalsis
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with more holes at the distal part. Each hole acts as point pressure 
sensors connected to different channels that finally are connected to 
external transducers. They sense in only one direction5–7 Figure 2(A). 
The solid-state system is easy to calibrate, but it is expensive, it is 
not comfortable for the majority of the patients and it is vulnerable 
to damage.5,6 The information provided by the catheter varies with 
temperature, so temperature compensation must then be performed5 
Figure 1(B). It is important to comment that the pressure registrations 
occur inside the patient, directly in the esophagus. 

Figure 1A & 1B in the same volunteer. HREPT with representative: 
UES, IRP, LES and DCI metrics.

The water-perfused system requires a pneumohydraulic pump 
to perform the perfusion. The pressure detected in each hole of the 
catheter is registered by external transducers.5,7 This system requires 
more time for the calibration, it is not as expensive as the solid-state 
catheter and the material is more flexible and comfortable to the 
patient5,6 Figure 2(B). The pressure registrations are processed at the 
transducers, outside the esophagus. Both the software used to analyze 
pressure data have the application of color contours to represent the 
intraluminal pressure.1,2 The Chicago Classification (CC) has been 
proposed to diagnose EMD. The CC parameters were obtained 
using a solid-state HRM system.3,6–8,9 The CC had presented several 
modifications through the years and new diagnosis proposals are 
emerging. Otherwise, the normative values and measures can also be 
made with MMS analysis software.1,2,6 The isobaric contour (IC) is 
a tool in both HRM, that allows know the pressure surrounded by 
a black line (Given Imaging) or in different colors (MMS) of the 
topography plots for an assigned pressure. There are few studies 
comparing HREPT metrics between solid-state versus water-perfused 
systems. The aims of this study were to compare the HREPT metrics 
between solid-state and water-perfused systems in healthy volunteers 
(HV) and the Chicago Classification 2012 between both systems. 

Figure 2A & 2B in the same volunteer. HREPT with representative: 
UES, IRP, LES and DCI metrics.

Methods
This was an observational, transversal and comparative study. 

PATIENTS

We included healthy volunteers of the gastrointestinal tract 
between 18 and 60 years old, without history of gastrointestinal 
surgery that agreed to be enrolled in the study. They were excluded 
if any condition known to impair esophageal motility was present 
(scleroderma, diabetes mellitus).

HRM

HV underwent 2 HRM, previous randomization for the first system 
performed, with interval of one week between each one. The catheters 
were passed trasnasally, allowing the recording of the hypopharynx 
to the stomach with at least 3 intragastric sensors. The HRM were 
performed using a solid state catheter with 36 pressure sensors and 
Manoview 2.0 analysis program and with a water-perfused catheter 
with 22 channels and database Inc. MMS program. 

All subjects underwent HRM after a 6 h fasting period, in 
supine position. In each manometry study, ten liquid swallows 
with 5 cc of water every 30 seconds were administered. UES basal 

pressure, distal contractile integral (DCI), amplitude, contractile 
front velocity (CFV), proximal border of the LES localization, LES 
length, LES basal pressure and integrated relaxation pressure (IRP) 
were analyzed. The esophageal body contraction was evaluated 
with Chicago Classification 2012 criteria.9,10 Statistical analysis was 
made with STATA version 11.0. Non-parametric statistics were used 
to summarize the data and Wilcoxon signed-rank test was used for 
comparison between both HRM systems. For the analysis, the solid-
state system was labeled as Group 1 and water-perfused system as 
Group 2. The statistical was blinded about which system was used in 
each group. 

Ethical considerations
The protocol for the research project had been approved by the 

Scientific and Ethic Committee of the Instituto Nacional de Ciencias 
Médicas y Nutricion Salvador Zubiran and it conforms to the 
provisions of the Declaration of Helsinki.

Results
Twenty HV were included, 14 women (70%), mean age 34 (24-

55) years. The HREPT metrics with the solid-state and water-perfused 
systems are depicted in (Table 1). UES pressure, LES pressure and 
IRP were significantly lower when the HRM was performed with the 
water-perfused system. DL is significantly faster in the solid system. 
Samples of the images provided by each system are depicted in Figure 
1(A&1B) and Figure 2(A&2B). In the analysis of the peristalsis 
contraction for these metrics and the peristaltic integrity (with an IC 
of 20 mmHg) in the studies performed, in the solid-state system 12 
(60%) HV were classified as normal and 8 subjects (40%) as weak 
peristalsis (including those with small and large breaks, frequent failed 
peristalsis); in the other hand, in the studies performed with water-
perfused system 18 subjects (90%) were classified as normal and 2 
(10%) as weak peristalsis (p 0.0143). Other EMD were not found in 
these volunteers. There are no differences in the LES localization and 
other esophageal body parameters but there was statistic significance 
in the IC for delimitating the presence/absence of small/large breaks 
for the weak peristalsis criteria.

Figure 1A Image of solid-state system.

Figure 1B Image of water-perfused system.
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Figure 2A Image of solid-state system.

Figure 2B Image of water-perfused system.

Conclusion
HREPT metrics: UES pressure, LES pressure and IRP were 
significantly lower when the HRM was performed with the water-
perfused system. DL is significantly faster in the solid system. These 

findings must be considered when the CC is used to classify EMD 
with HRM water-perfused system.

Discussion
Over the last decade, HRM has emerged as the gold standard for 

identifying EMD. Since Clouse et al described the initial findings with 
this technology; HRM has been an area of interest and searching of 
several groups. The Chicago Classification emerged as an evolutionary 
process, with the intention to unify diagnostic criteria, facilitate the 
interpretation and summarize the knowledge of the esophageal pressure 
topography for the clinical practice.8 All the studies derived from this 
classification were performed with solid-state HRM. The systems used 
worldwide are based in water-perfused system and solid-state system, 
with the advantages and disadvantages that we had commented. In our 
center, we have both systems. This study emerged as the inquietude 
to know if the Chicago Classification parameters were adaptable to 
the high-resolution perfusion system. The real advance and benefit 
with these systems are the analysis techniques provided by the HRM 
software that creates de Esophageal pressure Topography; but we 
have to consider the different dynamic mechanisms and material of 
each catheter for the registration of the esophageal information used 
by the HRM systems. The clinical significance of unidirectional 
versus circumferential pressure registration has been demonstrated, 
especially in the structures characterized by an irregular anatomy 
where the unidirectional sensor point influences the measure (UES, 
LES) where the pressure obtained was significantly impaired with the 
water-perfused system.

Table 1 HREPT metrics with the solid-state and water-perfused systems. All measures are shown as median (ranges)

Variable Solid - state system n=20 Water-perfused system n=20 P

LES pressure (mmHg) 22.2 (2.4-44.6) 12 (2-27) 0.008*

IRP (mmHg) 6 (0-14.8) 0.4 (0-14.1) 0.0061*

LES Proximal Border (cm) 40.4 (36.8-46.1) 39.85 (34.4-47.6) 0.6274

LES length (cm) 3.05(2.1-4.3) 2.85 (1.7-4.2) 0.455

Amplitude (mmHg) 75.9 (31.4-144.2) 66(28-122) 0.1003

DCI (mmHg.cm.seg) 851.15 (70.9-2631) 1118.7 (40-3133.9) 0.2959

DL (s) 5.97 (4.7-7.6) 7.12 (5.7-8.9) 0.0002*

CFV (cm/s) 3.65 (1.7-5.9) 3.025 (2.08-3.93) 0.0522

UES pressure (mmHg) 65.35 (11.9-116.9) 25.5 (1-115) 0.0064*

*p<0.05

LES, lower esophageal sphincter; IRP, integrated relaxation pressure; DCI, distal contractile integral; DI, distal latency; UES, upper esophageal sphincter

Our results show significantly faster peristalsis propagation 
with the solid system, expressed by the DL. This may be due to the 
distance between the sensors in each catheter too, but also as a result 
of the material and registration of each system. The metal has a faster 
transmission of the pressure signals directly sensored inside the 
esophagus than the perfusion water holes that send the pressure signal 
to external transducers. The CC has proposed to start the evaluation 
of the HREPT with the GEJ relaxation.3,8 Our results strongly suggest 
that the IRP values are significantly lower with the water-perfused 
system, so a patient can wrongly be characterized since this first step 
according to this measure. In the esophageal body parameters, there 
were no differences between the amplitude pressure and DCI. May be 
this is due to the uniform size and shape of S2 and S3 segments of the 

esophageal body, so the circumferential or unidirectional registration 
are not significantly altered. The IC, used to define the presence or 
absence of breaks, was performed in each swallow. The presence of 
hypotensive peristalsis was the main EMD in this volunteers with the 
solid-state system and the frequency is similar to the reported the HV 
in Chicago Classification. With the water-perfusion system, HV had 
an increase frequency of normal peristalsis. The clinical significance 
of the differences in hypotensive vs normal peristalsis between both 
systems in patients is not known.

The main limitation of our study is the sample size; but the results 
clearly demonstrate significant differences in the metrics between 
both HRM systems in UES pressure, LES pressure and IRP. The 
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studies were not done at the same day, because the need of fasting to 
perform the study and introduce the catheter, but this bias was handled 
with the randomization for performing the first HRM. The principal 
fortress of the study is that the volunteers were their own control, 
diminishing the selection criteria. The studies were performed with 
the same machines, in the same country and center diminishing 
demographic variables and were performed by expert physicians in 
the area. This study strongly demonstrates that a classification with 
HRM and normative metrics values are required for the evaluation of 
HREPT performed with water-perfused system.
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