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Abstract

Objective High-resolution manometry of the esophagus

has gained worldwide acceptance, using different solid-

state catheters. Thus, normal values for lower esophageal

sphincter (LES) resting pressure in suspected gastroe-

sophageal reflux disease patients have been established

using water-perfused manometry. These standard values

are commonly applied using also solid-state techniques,

although they have never been compared before. The aim

of the study was to compare LES measurements ob-

tained with water-perfused manometry with a solid-state

technique.

Methods Thirty healthy subjects were studied twice on

the same day: Technique 1: Station pull through using a

water-perfused catheter with ports arranged at 0�, 90�, 180�

and 270� which were averaged to give a mean LES pres-

sure. Technique 2: Solid-state circumferential probe with a

single station pull through. Data were collected using the

same computer system and program. The LES pressures

were randomly and blindly analyzed.

Results Twenty-seven subjects out of 30 were analyzed.

Using the solid-state system, the mean LES pressure was

higher (15.0 vs. 23.3 mmHg, p = 0.003) and 19 of 27

(70 %) individual measurements were higher. Two sub-

jects had a hypertensive LES by solid state (58.6 resp.

47.5 mmHg), while their pressures were normal with wa-

ter-perfused manometry (21.0 resp. 23.4 mmHg). The

distal esophageal pressures (mean of pressure at 3 and

8 cm above LES) were the same with the two techniques.

Conclusion In normal control subjects, LES measure-

ment using circumferential solid-state transducers yields

higher pressures than standard water-perfused manometry.

Which system yields the ‘‘true’’ resting pressure of the

physiologic LES remains to be determined.

Keywords GERD � Manometry � Lower esophageal
sphincter (LES) � Gastroesophageal junction

Manometric evaluation of the esophagus is widely used for

assessment of esophageal motility disorders and for pre-

operative testing before antireflux surgery [1–4]. Recently,

high-resolution manometry (HRM) based on solid-state

catheters has gained worldwide popularity [5–7]. His-

torically, most basic science has been undertaken using

water-perfused catheter systems, and normative values

have been established with this technique [8]. Although

very precise, manometric assessment with water-perfused

systems can be time-consuming and the water outlets might

be blocked by food, impeding swallowing studies with

solid boluses. The newer solid-state catheters provide faster
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setup of the manometric measurement unit and overcome

blocking of water-perfused capillaries by food [9, 10].

It is not known whether all normative values that had

been established using water-perfused systems are also

valid for solid-state catheters.

In GERD patients who were referred for antireflux

surgery, we got the impression that solid-state manometry

catheters yield higher pressure values than water-perfused

systems. Therefore, we compared solid-state manometry

catheters and water-perfused manometry catheters in

assessing the LES and the distal esophageal body peri-

stalsis in asymptomatic subjects.

Type of study

Prospective blinded comparison study in a single institu-

tion. The study protocol was approved from the internal

review board (IRB) from the Mayo Clinic in Jacksonville

and Rochester (protocol # 86696).

Materials and methods

Thirty normal, asymptomatic subjects (20 female, 10 male)

were enrolled in the study after written informed consent

was obtained. Patients with GERD symptoms were ex-

cluded using a standardized questionnaire with a total of 60

detailed questions about heartburn, regurgitation, chest

pain, dysphagia, pulmonary problems, medication and

others. Patients who had taken antacids, H2 blockers or

proton pump inhibitors and prokinetics as well as patients

with pulmonary problems potentially related to GERD

were excluded.

Esophageal manometry

Both water-perfused manometry and solid-state mano-

metry were performed following a standardized protocol.

The order of the tests was alternated and data collected

with the same computer system and program by an inde-

pendent nurse. A blinded observer evaluated the studies

after data collection (KRD). The manometry technique

used will be described briefly. The subjects presented to

the laboratory after a 4-h fast. A standardized question-

naire was completed and written consent obtained. After

calibration, the first catheter then was inserted. A 5.3-mm

(0.210 in./16 F) solid-state probe with two transducers, 3

and 5 cm from the tip of the catheter (Konigsberg In-

struments, Pasadena, CA, USA), was utilized and passed

transnasally until a gastric pattern was noted in both distal

circumferential transducers. The probe was then with-

drawn 1 cm a time, allowing at least three respiratory

cycles at each ‘‘station.’’ This was a standard station pull-

through technique, which was continued until all trans-

ducers had passed the LES. Data were displayed and

recorded on an IBM computer (Recording-System Poly-

gram, Medtronics, Shoreview, MN, USA) for further

analysis. The catheter was then placed in the esophagus,

and ten 5 ml water swallows were given to evaluate eso-

phageal peristalsis. After this, the probe was removed and

the second calibrated catheter, a 5.0-mm (0.197 in./15 F)

combination catheter (Arndorfer Specialties, WI, USA),

was passed transnasally into the stomach. This catheter

had four ports radially located (0�, 90�, 180� and 270�) at
the same level 2 cm from the distal end and included five

side holes spaced at 5 cm intervals from the distal end of

the probe oriented in 90� angles to each other as it is used

for the perfusion catheter technique. These ports were

continuously infused with distilled water at a rate of

0.5 ml/min using a low-compliance pneumohydraulic

capillary infusion system. The pressures were recorded

with in-line transducers, and the evaluation was performed

identically. Data were converted and stored in the same

system used for the solid-state studies.

Data were analyzed with the help of a commercially

available program (Polygram, Gastrosoft, Version 5.05C3,

Irving, TX). The mean pressures obtained from the dif-

ferent channels were recorded as resting pressure of the

LES expressed in mmHg. LES data and esophageal body

function data from both techniques were compared.

Statistical analysis

Two independent observers and bio-statisticians, one of

them at the Mayo Clinic in Rochester and the other at the

Department of Medical Statistics, Informatics and Health

Economics, Medical University Innsbruck, performed all

statistical analysis.

Variables are presented by their mean and standard

deviation. The two groups were compared with a paired

t test, and a two-sided p value\0.05 was considered sta-

tistically significant. The analysis was performed with

SPSS 17.

Results

All subjects tolerated the catheter measurement well. Three

tracings were difficult to interpret. Therefore, they were

excluded from the analysis. Finally, the measurement of 27

subjects (10 male, 17 female) was analyzed.

Using the solid-state system, the mean lower esophageal

sphincter pressure (LESP) was higher (15.0 vs. 23.3

mmHg) and 19 of 27 (70 %) individual measurements were

higher. The median of the difference between solid-state

3566 Surg Endosc (2015) 29:3565–3569

123



and water-perfused readings was 7.5 mmHg (IQR -2.8 to

16.7 mmHg, mean = 8.2 mmHg, SD = 13.1 mmHg).

This difference was statistically significant (p = 0,003).

Results from both catheter systems are shown in Fig. 1.

Two subjects had a hypertensive LES by solid state

(58.6 resp. 47.5 mmHg), while their pressures were normal

with water-perfused manometry (21.0 resp. 23.4 mmHg).

The amplitudes of peristalsis waves in the distal esophagus

(mean pressure at 3 and 8 cm above LES) were the same

with the two techniques [water-perfused catheter (mean)

108.8 mmHg, solid-state catheter (mean) 106.4 mmHg].

There was no difference in the LESP measurements be-

tween female and male subjects (14.6 vs. 15.1 mmHg;

p = 0.873 in the water-perfused system and 23.7 vs.

22.9 mmHg; p = 0.870 in the solid-state system).

Discussion

Using stationary pull-trough esophageal manometry, we

have compared the LES resting pressures and the esopha-

geal body peristalsis (wet swallows) obtained from two

different catheter systems: A water-perfused manometry

system was compared to a newer solid-state catheter

system.

Although the distal esophageal pressure values on wet

swallows were the same, we found the LES resting pres-

sure to be significantly different from one catheter system

to the other. Our solid-state catheter yielded higher pres-

sure values than our water-perfused catheter.

This result seems surprising and denotes further

discussion.

Despite careful selection of candidates by using a

comprehensive questionnaire to rule out GERD-related

symptoms, we could have missed non-symptomatic reflux

patients. A proportion of them may indeed have mano-

metric abnormalities or physical abnormalities such as a

hiatus hernia [11, 12]. Of note, in our setup, it was not

possible to rule out a hiatal hernia by endoscopy prior to

manometry. Moreover, despite a quiet environment, some

of the candidates might have been more anxious at the first

measurement influencing the obtained pressure value as

well. This might have influenced the readings of the two

cases that were hypertensive in the solid-state study.

At present, the pressure sensor and transducer compo-

nents are of two different types. Either water-perfused

catheters with external transducers or intraluminal strain

gauge volume displacement transducers with solid-state

circuitry [7, 8]. These catheters differ in design, construc-

tion, diameter, sensing site location and costs, as well as

frequency response necessary to reproduce esophageal

pressure waves with adequate and high accuracy. One of

the main differences between these two probes is the high

response rate of solid-state catheters to pick up pressure

changes within a fraction of a second versus a much slower

response of the water-perfused system. Another difference

)gHmm(erusserpSEL72=n
dradnatsnaemmuminim

deviation 
maximum 

water  3.3 15.0 7.1 34.3 
solid state 7.0 23.3 12.6 58.6 

Fig. 1 Comparison of lower

esophageal sphincter (LES)

pressure data (mmHg) measured

with both water-perfused

(‘‘water’’) and solid-state

catheters (‘‘solid,’’ ‘‘solid

state’’) in the same healthy

individuals
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is that the solid-state catheter system uses both unidirec-

tional and circumferential sensors. Both sensors of the

solid-state catheter utilize the piezoelectric effect of a

semiconductor crystal, but with the circumferential sensor,

the pressure is conducted through a 360� membrane. This

enables the catheter to pick up pressure waves from all

angels at the same level at the same time. On the other side,

water-perfused manometry catheters with their small per-

fusion channels are available with a variety of different

designs of the side hole openings along the catheter. Each

of these openings represents a unidirectional ‘‘point sen-

sor.’’ When four, eight or more openings are placed at the

same level, a 360� view can be obtained with this catheter

as well. Based on these facts and based on our concern that

in the evaluation of reflux patients a solid-state catheter

system may be too sensitive and yields higher pressure, we

tried to compare these two widely used techniques in a

group of asymptomatic volunteers. Our data clearly show

that the solid-state catheter measured significantly higher

pressure and that the correlation between the two catheter

systems is poor. Two patients who had normal LES pres-

sure with water-perfused manometry yielded even a hy-

pertensive LES on solid state with almost twice as high

pressures as compared to the water-perfused system. We

believe that this can be explained with the different sensor

physics and construction of the catheter. With a 360�
pickup membrane, all pressures created at this level will be

measured. The piezoelectric principle leads to an imme-

diate response at a low threshold and will read the smallest

pressure change. On the other side, the water-perfused

system with its side hole openings utilizes exclusively an

‘‘unidirectional view,’’ and it works at a much slower re-

sponse rate compared to the solid-state circuitry. This may

be the reason that it provides more reliable and more ac-

curate data from the esophageal sphincter as well as from

the esophageal body. This is particularly important, since

widely used water-perfused manometry is currently sup-

plemented and often replaced by HRM using solid-state

technique [5, 13–17].

These more modern solid-state catheters, the so called

high-resolution catheters, have 30–36 transducers placed

0.75 cm apart throughout the length of the catheter. A

programmed interpolation between the adjacent transduc-

ers in the catheter provides a smoothing factor to the

recording line. These high-resolution catheters, compared

to a motorized pull-through perfusion catheters with four

radial pressure orifices, measure similar LESP but error in

the measurement of the LES overall length and abdominal

length [18]. The acquisition of such catheters is often de-

sirable but not always affordable for every department.

In our study, the smaller diameter of the water-perfused

catheter may lead to the impression that the measured

pressure difference could exclusively be based on the

difference of the diameter. However, the extent of our

measured pressure difference is too high, and moreover,

the LES is not a rigid system, but an ‘‘elastic ring.’’ An

interesting study by Biancani et al. [8] precisely describes

the relation between catheter diameter and pressure values

obtained in the LES. Of note, they clearly show that with a

catheter diameter of around 4–6 mm (in our study 5 and

5.3 mm), there is no significant pressure change to be ex-

pected in a healthy LES.

Taken together, we found that LES pressures are mea-

sured constantly higher with a solid-state catheter than

using water-perfused manometry.

Conclusion

In normal control subjects, LES measurement using cir-

cumferential solid-state transducers yields higher pressures

than standard water-perfused manometry measurement.

Laboratories should be careful to use normal values

specific to their equipment. Which system yields the most

accurate measurement of the physiologic LES remains to

be determined.

Whenever a new manometry catheter or technique such

as the so-called HRM is introduced, a comparison study

(new vs. old system) is recommended in order to stan-

dardize technique and measurements and to define new

normative values.
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