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GA Technical Review on the Clinical Use of Esophageal
anometry

his literature review and the recommendations therein were prepared for the American Gastroenterological Association Clinical
ractice Committee. The paper was approved by the Committee on October 2, 2004, and by the AGA Governing Board on November

, 2004.
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he utility of esophageal manometry in clinical prac-
tice resides in 3 domains: (1) to accurately define

sophageal motor function, (2) to define abnormal motor
unction, and (3) to delineate a treatment plan based on
otor abnormalities. Since the first American Gastroen-

erological Association technical review on esophageal
anometry published 10 years ago,1,2 advances have

een made within each of these domains. By and large,
hese advances have not been the result of major techno-
ogical changes but rather a reflection of improved man-
metric technique and research. With this in mind, the
oal of this second technical review on the clinical use of
sophageal manometry is to summarize what has been
earned during the past 10 years and discuss how this has
odified the clinical management of esophageal disor-

ers. Thus, we performed a literature search for all
nglish-language articles dealing with manometric eval-
ation of the esophagus from 1994 to 2003. The data-
ases searched included MEDLINE, PreMEDLINE, and
ubMed using general terms related to manometric tech-
ique (sleeve, topography) and equipment (water per-
used, solid state), esophageal symptoms (dysphagia,
hest pain, heartburn), esophageal disorders and proce-
ures (gastroesophageal reflux disease, achalasia, diffuse
sophageal spasm, nutcracker esophagus, hypertensive
ES, nonspecific motor disorders, ineffective esophageal
otility, fundoplication, myotomy, dilation), and terms

ocused on esophageal motor function (upper esophageal
phincter, lower esophageal sphincter, esophageal body,
eristalsis). Additional references were identified from
eferences of reviewed manuscripts.

1994–2003: How Has Esophageal
Manometry Changed?

Manometry is by nature a highly technical eval-
ation, more akin to physiologic studies than to endo-
copic or radiographic ones. When optimally utilized
nd providing that physical principles and equipment
haracteristics are respected, a manometric examination

rovides an accurate description of esophageal contractile
unction. In general, manometric data are only as valid as
he methodology used to acquire them.

The frequency content of esophageal contractile waves
efines the required characteristics of a manometric re-
ording device. The frequency response required to re-
roduce esophageal pressure waves with 98% accuracy is
–4 Hz, while that required for reproducing pharyngeal
ressure waves is 0–56 Hz.3 Expressed in terms of max-
mal recordable �P/�t, 300 mm Hg/s will suffice for the

id or distal esophagus versus 4000 mm Hg/s for the
harynx. Because the overall characteristics of the man-
metric system are only as good as those of the weakest
lement within that system, high-fidelity recordings re-
uire that each element (pressure sensor, transducer,
ecorder) meet or exceed these response characteristics.
odern computer polygraphs and pressure transducers,

ssentially unchanged in the past 10 years, have response
haracteristics greatly exceeding those required for
sophageal manometry. Thus, most of the methodolog-
cal evolution that has occurred during the past 10 years
as been in the domains of manometric assembly design
nd data analysis; each of these will be reviewed.

Manometric Assemblies

The pressure sensor/transducer components of a
anometric assembly function as a matched pair and are

vailable in 2 general designs: water-perfused catheters
ith volume displacement transducers or strain gauge

ransducers with solid-state circuitry. Major advantages
f water-perfused systems are cost and versatility. A
ajor disadvantage is that the equipment is fickle and

roper maintenance requires skilled personnel. Illustra-
ive of the versatility possible with perfused manometric
ssemblies, the past 10 years have witnessed the intro-
uction of multilumen, autoclavable, miniature silicone

Abbreviations used in this paper: DES, diffuse esophageal spasm;
GJ, esophagogastric junction; GERD, gastroesophageal reflux dis-
ase; IEM, ineffective esophageal motility; tLESR, transient lower
sophageal sphincter relaxation; UES, upper esophageal sphincter.

© 2005 by the American Gastroenterological Association
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xtrusions that can be configured with nearly infinite
ariety.

Faithful recording of sphincter pressure for extended
eriods of time or during swallow-related esophageal
hortening requires that the pressure sensor maintain a
onstant position within the high-pressure zone. Sleeve
ensors were devised to meet these requirements. How-
ver, sleeve sensors were originally made of molded
ilicone and, before 1994, manometric extrusions were
ade of polyvinyl chloride. Thus, the sleeve sensor

eeded to be joined to the end of the polyvinyl extrusion
ith a complex joint involving metal stents and suture.
lthough functional, the resultant assembly probably
ould not meet current requirements for reuse mandated
y the need for restoring sterility. On the other hand, the
ultilumen silicone extrusions currently available (Mui

cientific, Mississauga, Canada; formerly Dentsleeve) can
ncorporate sleeve sensors directly onto the extrusion,
aking the resultant assembly both more durable and

utoclavable. These catheters have undergone rigorous
euse evaluation and have been deemed safe for reuse by
oth the Food and Drug Administration (via the 510k
echanism) and EU regulators (CE marked and
onitored).
An alternative to perfused manometric systems is a
anometric assembly incorporating miniature strain

auge sensors and solid-state electronic components. The
icrotransducers directly interface with the recorder,

nd the resultant system has a vastly expanded frequency
esponse suitable for pharyngeal recording. On the neg-
tive side, solid-state systems are much more expensive,
re less modifiable, are more delicate, and do not yet have
he versatility of assembly design permissive of either a
leeve sensor or topographic data presentation (see fol-
owing text). Improvements in design are currently un-
er way, and it is likely that high-resolution solid-state
ystems will be available in the near future. One other
ppeal of solid-state systems is that they are not subject
o hydrostatic effects and can be miniaturized, factors
hat make them more suitable for extended ambulatory
tudies. Having said that, recent research has shown
uccessful use of a portable water-perfusion pump with a
leeve assembly and the resultant publications have pro-
ided substantial insight into the pathogenesis of reflux4

nd the mechanisms of reflux in patients with and with-
ut a hiatus hernia.5

Manometric Data Analysis

Given that most manometric recording systems
re computer based, the potential exists for automated
nalysis. Automated analysis of manometric tracings is

n appealing concept because it could lead to standard- q
zation of what has otherwise been a highly operator-
ependent evaluation. However, the pitfalls of interpret-
ng esophageal manometric tracings are plentiful. For
xample, pressure thresholds established to distinguish
ontractions from miscellaneous artifacts may ignore hy-
otensive peristaltic contractions below that threshold.
imilarly, the ability of automated analysis to accurately
haracterize the adequacy of lower esophageal sphincter
LES) relaxation or to differentiate isobaric common cav-
ties from spastic contractions has not been adequately
alidated. These subtle distinctions can be absolutely
rucial in establishing an accurate diagnosis. Thus, al-
hough currently available programs may be useful ad-
uncts in the interpretation of (normal) manometric re-
ordings, automated analysis has not yet matured to a
egree that it can replace manual inspection by an ex-
erienced clinician. Guidelines for performance of esoph-
geal manometry and standardized reporting are crucial
o decrease the degree of subjective interpretation be-
ween clinicians. Although not covered in this review,
etailed methods regarding these issues were recently
ublished by members of the American Motility Society
nd the European Society of Neurogastroenterology and
otility Working Group on Esophageal Manometry.6

An offshoot of the introduction of multilumen min-
ature extrusions has been the application of topographic
ata presentation to manometric recordings. Topo-
raphic analysis is a method of axial data interpolation
erived from computerized plotting of data from multi-
le, closely spaced recording sites.7 The interpolated
ressure information is plotted as either a 3-dimensional
urface plot or a 2-dimensional contour plot in which
ressure amplitude is represented by concentric rings or
olor gradients with an appropriate scale (Figure 1). The
dvantage of this presentation is that it provides a com-
lete, dynamic representation of peristalsis at every axial
osition along the esophagus, as opposed to the frag-
ented data presented in conventional manometric trac-

ngs. However, even though this technique has provided
ignificant insight into the physiology of peristalsis and
as the potential to redefine the way we evaluate sphinc-
er relaxation, it is debatable as to whether or not it has
et demonstrated any clear advantage over conventional
anometry in clinical practice.8

Intraluminal Impedance Monitoring

Although manometric apparatus has not
hanged significantly in the past 10 years, there has
een significant interest in combining manometry
ith a newly evolving technology, intraluminal im-
edance monitoring. Impedance monitoring works by

uantifying the impedance between pairs of metal
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ings dispersed along the combined manometry/im-
edance assembly. Air, fluid bolus, and the esophageal
all each have unique impedance characteristics,

hereby allowing definition of which resides between
ach pair of electrodes. Defining impedance changes
ver adjacent pairs of rings defines bolus transit within
he esophagus.9 –11 Studies using combined fluoros-

igure 1. Representative physiologic data, modified to illustrate th
opographic representations of esophageal peristalsis. (A) Schematic
onitoring system with 5 manometric side holes (SH) spaced 4 cm apa

he impedance rings (�) are also spaced 4 cm apart with the rings st
ata tracings obtained from each combined manometry/impedance o
ultichannel intraluminal impedance recordings of a 5-mL Renogr
epresentative tracings from the videofluoroscopic sequence overlaid
he bolus at the times indicated by the vertical arrows. At each record
epresents the manometric tracing and the fine line intersecting th
ecording tracing. Bolus entry at each combined manometry/impedan
ressure) and a �50% decrease in impedance. In this example, the
mpedance in �#2, �#3, and �#4 at time 1.5 seconds. Luminal clos
y the upstroke of the peristaltic contraction and a 50% increase in re
eginning at SH#3, corresponding to a 50% increase in impedance an
ompletion of the peristaltic contraction (time 12.0 seconds), all Re
btained with a sleeve assembly as depicted in A and high-fidelity man
n isocontour plot. The standard manometric recordings are super
quivalent portion of the high-fidelity manometry it represents. In th
evealing 4 distinct pressure segments separated by 3 pressure troug
mooth muscle, the second is within the smooth muscle segment, an
elaxation is reliably recorded using either methodology, albeit some
elaxation measured by the sleeve coincides with the peristaltic c
easuring mean residual pressure, topographic analysis allows for

Isocontour tracing courtesy of Ray Clouse.)
opy and impedance have validated the convention d
hat liquid bolus entry is signaled by a 50% decrease
n impedance at the recording site, while bolus exit is
ignaled by a return to at least 50% of baseline12,13

Figure 1). Currently, impedance monitoring is pre-
ominantly used in research as an alternative to fluo-
oscopy for assessing esophageal transit and emptying.
ts role in the clinical evaluation of esophageal motor

ationship between videofluoroscopic, manometric, impedance, and
ing of placement of a combined manometry/intraluminal impedance
d a 6-cm sleeve sensor placed just distal to the last manometric port.
ing the manometric ports. The arrows to B point to the corresponding
ve recording site. (B) Concurrent videofluoroscopic, manometric, and
wallow that was completely cleared by one peristaltic sequence.
e combined manometric/impedance tracing show the distribution of

ite, the thick line intersecting the pressure scale (mm Hg) on the left
edance scale in ohms (�) on the right represents the impedance
cording site is signaled by a subtle increase in pressure (intrabolus
s propagates past �#4 rapidly indicated by an abrupt reduction in
d hence the tail of the barium bolus is evident at each recording site
d impedance. Hence, at 5.0 seconds, the peristaltic contraction was
tail of the barium bolus at the same esophageal locus. Finally, after

fin was in the stomach. (C) Comparison of conventional manometry
try with recording sites at 1-cm intervals displayed topographically as
sed on the isocontour plot at axial locations corresponding to the
contour plot, deepening shades of gray indicate higher pressures
hysiologically the first trough is at the junction between striated and
third separates the peristaltic segment from the LES. Note that LES
differently. From the illustration, it can be seen that the end of LES
ction contacting the proximal portion of the sleeve. In addition to
e precise measurement of the transsphincteric pressure gradient.
e rel
draw
rt an

raddl
r slee
afin s
on th
ing s
e imp
ce re
bolu

ure an
corde
d the

nogra
ome
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d the
what
ontra

mor
isorders has not yet been formally assessed.
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Advances in Defining Esophageal
Motor Function: 1994–2003

Upper Esophageal Sphincter

The muscular elements of the upper esophageal
phincter (UES) are the cricopharyngeus, adjacent esoph-
gus, and adjacent inferior constrictor. The cricopharyn-
eus inserts bilaterally to the inferior-lateral margins of
he cricoid lamina, and the zone of maximal UES pres-
ure is �1 cm in length at precisely this location.14 The
losed sphincter has a slit-like configuration, with the
ricoid lamina anterior and the cricopharyngeus making
p the lateral and posterior walls. Thus, it is not sur-
rising that resting UES pressure is markedly asymmet-
ic, with greatest values anteriorly and posteriorly.15

ecause the only insertion of the cricopharyngeus is to
he cricoid cartilage, the sphincter and larynx are obliged
o move in unison.

Manometric evaluation of UES function is difficult
ecause it is a short, complex anatomic zone that moves
riskly during swallowing. Furthermore, measurement
f UES pressure is heavily influenced by recording meth-
dology due to both its marked asymmetry and the fact
hat the measurement, in and of itself, stimulates sphinc-
er contraction. The less movement applied to the re-
ording catheter and the smaller the measuring device,
he lower the recorded pressures.2 In an extreme demon-
tration of this, a recent study using a microsleeve sensor
n healthy volunteers demonstrated periods of negligible
esting pressure in all subjects.16 Thus, it is not surpris-
ng that there is great variability in reported “normal”
anges of UES pressure, and it is currently impossible to
efine a meaningful normal range.2

UES relaxation during swallowing also poses substan-
ial recording challenges. Relaxation occurs during swal-
ow-associated laryngeal elevation.14 However, move-
ent of the sphincter and the transnasally positioned

atheter are dyssynchronous. The UES may move 2–3 cm
roximally during swallowing, whereas the sensor may
ove only 1 cm.14 Given the short length of the high-

ressure zone, this dissociation simulates relaxation with
focal sensor. Although positioning the recording site at

he proximal aspect of the UES to anticipate subsequent
ovement appears to be a logical solution,17 movement

f both the UES and the catheter may vary among
ndividuals and certainly among various disease condi-
ions, making such an approach unreliable.

Given the methodological challenges detailed above,
he utility of UES manometry in clinical practice has
een questioned. Illustrative of this, a recent retrospec-
ive review of 435 manometric studies with adequate

valuation of the UES and pharynx reported that 80 h
atients had one or more UES abnormality detected.18

mong these subjects, 17 patients were known to have
r suspected of having an oropharyngeal problem
hereas in 58 patients the finding was unexpected. In
nly 3 subjects with purely UES/pharyngeal abnormali-
ies was there a change in therapy based on the mano-
etric findings; 2 were instructed on dietary modifica-

ions and one had swallow therapy initiated. The
nvestigators concluded that routine UES/pharyngeal
anometry is of limited clinical utility.
Although routine UES and pharyngeal manometry is

f questionable use, studies combining UES and pharyn-
eal manometry with concurrent fluoroscopy have pro-
ided significant insight into the pathogenesis of crico-
haryngeal bars and Zenker’s diverticula. Using a
anometric catheter with 3-cm spacing and exacting

ideofluoroscopy, Dantas et al questioned the prevailing
otion that cricopharyngeal bars were caused by im-
aired UES relaxation (so-called “cricopharyngeal acha-
asia”) and instead demonstrated the problem to be of
educed compliance and impaired sphincter opening.19

ore recently, sophisticated analysis of this relationship
as been performed using high-resolution, high-fidelity
erfused micromanometry to create a topographic map-
ing of the space-time patterns of hypopharyngeal in-
rabolus pressure.20 This work beautifully illustrated that
he location and magnitude of the intrabolus pressure
radient correlated with the location of maximal UES
onstriction (Figure 2). Thus, quantifying pressure gra-
ient characteristics and location may serve as a useful
linical indicator for pathologic constriction of the cri-
opharyngeus muscle and also may define treatment pa-
ameters.

Esophageal Body

The body of the esophagus is a 20–22-cm tube,
ith the muscularis propria comprised of an inner cir-

ular layer and an outer longitudinal layer. Primary
eristalsis is initiated by swallowing and is evident
hortly after the pharyngeal contraction traverses the
ES, progressing distally at a velocity of 2–4 cm/s.

econdary peristalsis can be elicited at any esophageal
evel in response to luminal distention and progresses
rom the point of stimulation distally. The mechanical
ffect of peristalsis is a stripping wave that milks the
sophagus clean. Progression of the stripping wave cor-
esponds closely with that of the manometric contraction
uch that the point of the inverted “V” seen fluoroscop-
cally at each esophageal locus coincides with the up-
troke of the pressure wave.21 However, the recent ap-
lication of topographic analysis to esophageal peristalsis

as clearly demonstrated that progression through the
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sophageal body is not seamless. Rather, it is comprised
f a sequence of contractile events occurring in 4 discrete
ressure segments (Figure 1). The first segment repre-
ents the striated muscle component of the proximal
sophagus and extends from the UES to the first pressure
rough in the region of the aortic arch. The distal portion
f the esophagus is separated into 2 overlapping neuro-
uscular segments. This observation elegantly explains

he double peaked contractions that are found in 10%–
5% of healthy subjects. The second pressure peak of the
ouble peak essentially arises from the third topographic
egment overlapping with the second segment and ini-
iating its own contraction with a slight delay. The
ourth contractile segment encompasses the LES. This
egmental configuration was not appreciated by conven-
ional manometry and underscores the strength of topo-
raphic analysis of manometric data.22–24

The efficacy of distal esophageal emptying is inversely
elated to peristaltic amplitude such that emptying be-
omes progressively impaired with peristaltic amplitudes
30 mm Hg.21 This threshold amplitude was initially

etermined using simultaneous videofluoroscopy and
anometry on a relatively small number of subjects.
ecently, multichannel intraluminal impedance has been
tilized to assess the efficacy of esophageal emptying as a
unction of peristaltic amplitude in a much greater num-
er of swallows and subjects.25 Receiver operating char-
cteristic curve analysis of combined manometric/imped-
nce data showed that a 30–mm Hg cutoff for distal
sophageal peristaltic amplitude had a sensitivity of 85%

igure 2. Dynamic representation of UES pressure during a norm
adiographic images at selected times from the videofluoroscopic se
ressure value at each axial location along with interpolated values be
olus head and T1–T3 in D–F the bolus tail, as determined from the v
he data from A–F along with prior, intermediate, and subsequent tim
socontour plot between the bolus head and tail trajectories is the intra
f A. Pal and J. G. Brasseur. Modified and reprinted with permission
nd a specificity of 66% for identifying incomplete bolus z
ransit. With diminishing peristaltic amplitudes, the
ensitivity progressively decreased and the specificity
rogressively increased (Figure 3). This analysis nicely
llustrates the complementary nature of manometry and
mpedance testing and could potentially develop into a
aluable clinical tool for the assessment of dysphagia.
owever, one must be cautious in directly applying the

esults of Figure 3 to disease or postsurgical conditions.
o fully describe the efficacy of esophageal emptying,
utflow resistance must also be quantified because this
ill surely vary with disease or postsurgical conditions.
Conventional manometry can, for the most part, ac-

urately define the peristaltic waveform of the tubular
sophagus. However, there are important limitations
nherent in the methodology itself. Manometric assem-
lies are unable to quantify longitudinal muscle contrac-
ion or axial movement. Additionally, manometry alone
s insufficient to determine whether an intraluminal pres-
ure waveform is the result of an intrabolus pressure or
queeze pressure within a closed lumen. In general, these
imitations can be overcome by using complementary
ethodologies such as fluoroscopy, impedance monitor-

ng, or topographic analysis (Figure 3). Currently, how-
ver, these methods are not routinely used in clinical
ractice.

The Esophagogastric Junction High-
Pressure Zone

Physiologically, the esophagogastric junction
EGJ) is a 2- to 4-cm-long asymmetric high-pressure

wallow derived from concurrent manometry and videofluoroscopy.
ce are depicted in A–F. The vertical line in each panel illustrates the
n recording sites. Markers H1–H2 in A and B indicate locations of the
uoroscopic images at times t1–t6. The isocontour plot (G) combines
ts. Pressure magnitudes are indicated by shading. The region of the

s pressure domain during transsphincteric bolus flow. Figure courtesy
Pal et al.20
al s
quen
twee
ideofl
e poin
bolu
one attributable to a composite of both the LES and the
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urrounding right crus of the diaphragm. Manometric
nd intraluminal ultrasound studies suggest that axial
symmetry of the pressure profile is attributable to the
arying thickness of the circular layer of the muscularis
ropria, while the radial pressure asymmetry results from
symmetric extrinsic compression by the surrounding
iaphragmatic crus.26,27 Intrinsic LES tone is a property
f the smooth muscle itself and its autonomic innerva-
ion.28,29 Intra-abdominal pressure, gastric distention,
ormones, various foods, and medications alter the in-
rinsic LES pressure, which typically ranges from 10 to
5 mm Hg.2 The contribution of the crural diaphragm
o EGJ pressure is evident by the direct correlation
etween intraluminal EGJ pressure and integrated elec-
romyographic spike activity of the crural diaphragm.30

ainly as a result of the diaphragmatic contribution,
ormal EGJ pressure ranges from 15 � 11 mm Hg at
nd expiration to 40 � 13 mm Hg at end inspiration,
easured from the same manometric tracings.31 Thus,

imilar to the case of the UES, reported ranges of normal
GJ pressure are highly dependent on methodology. The
ost meaningful statement that can be made regarding

solated measurement of EGJ pressure is that it is abnor-
al to have an extremely low value (�5 mm Hg).
The manometric evaluation of LES relaxation is argu-

igure 3. Receiver operating characteristic curves describing the effec-
iveness of peristaltic contractions in achieving complete esophageal
mptying for liquid swallows in subjects with hypotensive peristalsis.
hese data were generated from combined impedance and manometry
tudies of 700 swallows in 70 patients with the impedance/manometry
egments under analysis positioned 5 and 10 cm above the LES. The
urves plot sensitivity against specificity of peristaltic amplitude as a
redictor of complete bolus transit. The arrows indicate the position
long the receiver operating characteristic curve of several discrete cutoff
alues of peristaltic amplitudes with the corresponding sensitivity and
pecificity values (respectively) in parentheses. It is evident from the
urve that the peristaltic amplitude that achieves the optimal sensitivity
nd specificity is between 35 and 40 mm Hg. Modified and reprinted with
ermission from Tutuian et al.25
bly the most important measurement made during clin- o
cal esophageal manometry. Relaxation of the LES occurs
ith swallowing, esophageal distention, and transient
ES relaxation (tLESR). However, before the publication
f the first technical review, there was a paucity of
uantitative data regarding LES relaxation. The defi-
iency was mostly attributable to the lack of standardized
ecording methodology and data interpretation. Recog-
izing this void, recent studies have quantified normal
eglutitive EGJ relaxation with techniques suited to
tudy a mobile anatomic zone: either a water-perfused
leeve sensor that spans the sphincteric region or high-
esolution manometry with topographic data analysis.

Shi et al used a standardized methodology of sleeve
ensor recording and computer-assisted data analysis and
oncluded that the best single assessment of EGJ relax-
tion was mean relaxation pressure (Table 1).32 Using the
5th percentile value of controls (12 mm Hg) as the
pper limit of normal, this parameter had a sensitivity
nd positive predictive value of 92% and 88%, respec-
ively, for a diagnosis of achalasia. However, some man-
metrists measure LES relaxation pressure during end
xpiration to exclude the contribution of the crural dia-
hragm.33 Although this technique is technically a more
ccurate assessment of the intrinsic sphincter, it is more
ifficult to standardize the measurement and, hence, a
ore subjective measurement than the mean LES relax-

tion pressure. In another study aimed at defining the
ptimal criteria for incomplete EGJ relaxation, Staiano
nd Clouse utilized high-resolution manometry with and
ithout topographic analysis.34 They reported that using

opographic analysis, a transsphincteric pressure gradient
xceeding 5 mm Hg had high sensitivity (94%) and
pecificity (89%) for achalasia regardless of the presence
r absence of peristalsis. Without topographic analysis,
he 3-second mean residual EGJ pressure was most dis-
riminative (Table 1).

Although not usually a component of a clinical esoph-
geal manometry study, the use of consistent criteria for
dentifying tLESRs is of considerable importance in mo-
ility research. The sleeve sensor was the technological
dvance that led to the initial description of tLESRs and
emains the only validated method for their detection.
owever, standardized criteria for defining tLESRs were

ot defined until 1995, when Holloway et al analyzed
he characteristics of both deglutitive EGJ relaxation and
LESRs in 23 healthy subjects and 9 patients with gas-
roesophageal reflux disease (GERD). Based on that anal-
sis, the defining characteristics of tLESRs were as fol-
ows: (1) absence of swallowing for 4 seconds before to 2
econds after the onset of relaxation, (2) relaxation rate of
1 mm Hg/s, (3) time from onset to complete relaxation
f �10 seconds, and (4) nadir pressure of �2 mm Hg.33
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Role of Esophageal Manometry in
Clinical Practice (1994–2003)

Manometry has evolved from a research tool to a
iagnostic modality with wide availability. It is an ex-
ellent tool to define the integrity of peristalsis and EGJ
unction. However, by default, the clinical yield of
sophageal manometry is limited to the detection of
elatively few functional abnormalities: absent or weak
eristalsis, disordered peristalsis, abnormalities of EGJ
ressure, and impaired EGJ relaxation. Beyond these
bnormalities, manometry also detects minor aberrations
f esophageal contractility of uncertain clinical signifi-
ance. In fact, unraveling the relationship between
sophageal motor patterns and clinical esophageal syn-
romes has been the object of substantial research during
he past 10 years. Thus, our objective in this section was
o assess the relevance of manometric findings in the
iagnosis and management of GERD, dysphagia, and
hest pain. For each syndrome, relevant key words were
sed to search the National Library of Medicine database
or the period from 1994 to 2003. The key word com-
ination of “gastroesophageal reflux disease” and “sur-
ery” located 492 citations, “gastroesophageal reflux”
nd “manometry” located 896 citations, “chest pain” and
esophageal motility disorders” located 71 citations, and
deglutition disorders” and “manometry” located 308
itations. However, papers were included in the discus-
ion only if, in our assessment, (1) they were designed to
ddress a clinically relevant objective, (2) the manomet-
ic findings under discussion were of potential physio-
ogic relevance, (3) the manometric methodology used
as valid, and (4) reported findings were based on an

able 1. EGJ Relaxation Parameters and the Detection of Ac

EGJ relaxation parameter

leeve sensor32

Basal pressure
Mean relaxation pressure
Percent relaxation
Relaxation duration

igh-resolution manometry with concurrent baseline34 (subjects with
Lowest residual pressure
Lowest residual pressure over entire deglutitive period
Lowest mean LES relaxation pressure in a 3-second

postdeglutitive interval
igh-resolution manometry with concurrent baseline34 (subjects witho
Lowest residual pressure
Lowest residual pressure over entire deglutitive period
Lowest mean LES relaxation pressure in a 3-second

postdeglutitive interval
igh-resolution manometry with concurrent baseline34 (subjects with
Transsphincteric gradient

OTE. Sensitivity and specificity values are in distinguishing patients
ppropriate experimental design. t
GERD

Diagnosis of GERD. Numerous investigations
ave demonstrated manometric abnormalities associated
ith GERD but, from a diagnostic viewpoint, the utility
f each is limited by issues of sensitivity or specificity.
ake, for instance, the antireflux barrier. It is logical that

he severity of reflux would correlate with decreasing
GJ pressure, and to some degree this is true; a majority
f studies report that patients with high-grade esophagi-
is or long-segment Barrett’s metaplasia have LES pres-
ures of �10 mm Hg.35,36 However, other investigations
mphasize that more than 60% of patients with GERD
ave a basal LES pressure of �10 mm Hg.37 This dis-
repancy is partially attributable to the role of tLESRs in
he pathophysiology of GERD.38,39 With regard to
LESRs, conventional manometric studies are too brief to
dequately estimate their frequency, which ranges from

to 10 per hour.40 Furthermore, the bulk of evidence
uggests that it is not the absolute number of tLESRs
ut, rather, the proportion of tLESRs associated with
cid reflux that differentiates patients with GERD from
ontrols.40

Similar to reduced EGJ pressure, esophageal peristal-
ic dysfunction is also prevalent in GERD populations.
s the severity of GERD increases, the prevalence of

requent hypotensive and/or failed contractions in-
reases.41 This, coupled with physiologic observation
hat contractions of �30 mm Hg are often associated
ith impaired volume clearance,21,25 led to the concept
f a manometric diagnosis labeled ineffective esophageal
otility (IEM), defined as the occurrence of low ampli-

ude (�30 mm Hg) or nontransmitted contractions in

ia

eshold value Sensitivity (%) Specificity (%)

1 mm Hg 38 93
2 mm Hg 92 93
7% 88 93
.2 seconds 31 93
talsis)

mm Hg 77 92
mm Hg 68 98

0 mm Hg 85 92
ristalsis)
mm Hg 81 89
mm Hg 77 89

mm Hg 87 95
talsis or without peristalsis [in parentheses])

mm Hg 100 (100) 85 (100)
mm Hg 94 (94) 98 (100)

achalasia from controls32 or mixed subject groups.34
halas

Thr

�4
�1
�5
�2

peris
�4
�4

�1
ut pe

�2
�2

�8
peris

�2
�5
he distal esophagus with 30% or more swallows.42 The
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unctional significance of IEM could relate to either
ysphagia or prolonged acid clearance. With respect to
cid clearance, Vinjirayer et al retrospectively compared
he prevalence of IEM in patients with normal and
bnormal esophageal acid exposure43 and found the prev-
lence of IEM to be similar in each group, with no
arallel between the severity of IEM and prolonged
sophageal acid exposure. Although not disproving an
ssociation between IEM and GERD, that study empha-
izes that peristaltic dysfunction is neither a prerequisite
or GERD nor a finding unique to the GERD popula-
ion. Thus, IEM joins the list of manometric aberrations
ssociated with GERD but insufficient to establish a
iagnosis of GERD.44

Although not the subject of this review, ambulatory
sophageal pH monitoring has become an increasingly
ommon diagnostic test in the evaluation of reflux dis-
ase. The convention for performing pH monitoring
tudies is to position the pH probe 5 cm above the
roximal margin of the LES. Suggested methodologies
or pH probe placement include defining the LES by the
ocation of the pH increase during pH electrode with-
rawal, endoscopy, fluoroscopy, calculation according to
ubject height, or manometry. Of these methods, the
anometric definition of the sphincter remains the most

ccurate45,46 except perhaps in the very young pediatric
opulation in which subject height correlates well with
sophageal length.47 One caveat to this is that with the
ecently introduced Bravo wireless pH recording system,
robe placement is made relative to the endoscopic lo-
alization of the squamocolumnar junction without re-
uiring manometry.48

Role of manometry in the management of
ERD. Theoretically, identifying specific functional ab-
ormalities in GERD could lead to customized treat-
ent. However, the current reality is that (1) manomet-

ic parameters are poor predictors of response to therapy
nd (2) current pharmacologic therapy for improving
ither peristaltic function or EGJ pressure is very lim-
ted. Even within the context of surgical treatment with
hich the EGJ can be bolstered, preoperative manomet-

ic assessment is a poor predictor of outcome.49 Rather,
he best predictor of response to either antisecretory
herapy or surgery is the severity of the esophagitis at
ndex endoscopy.50 Manometry does, however, have an
mportant place in the preoperative assessment for anti-
eflux surgery when uncertainty exists regarding diagno-
is. Antireflux surgery will only compound a patient’s
roblem if performed inadvertently for achalasia, sclero-
erma esophagus, or non–reflux-induced esophageal

pasm, entities best detected by manometry. d
A highly controversial issue regarding manometry in
atients being considered for antireflux surgery is the
elationship between preoperative peristaltic dysfunction
nd postoperative dysphagia, reportedly experienced in
s many as 40% of patients.51–54 Some experts consider
mpaired peristalsis to be a relative contraindication for
ntireflux surgery. Others have recommended that the
urgery be tailored to the individual’s peristaltic func-
ion, given the data suggesting that Toupet 270° fun-
oplication is associated with a significantly decreased
ncidence of dysphagia compared with Nissen 360° fun-
oplication.53 Reasoning that the etiology of postopera-
ive dysphagia is related to a combination of impaired
eristaltic function and the relative obstruction caused
y the fundoplication, this recommendation seems log-
cal. However, currently available data contradict it.
efore the publication of the first technical review in
994, most available data relevant to this issue were
ither retrospective or not designed specifically to address
his issue. The only relevant prospective controlled trial
t that time analyzed the clinical outcome of 126 con-
ecutive patients undergoing fundoplication without
rior knowledge of their preoperative manometric find-
ngs.51 No correlation was found between preoperative
anometric findings and poor surgical outcome. In fact,

f the 14 patients with the most severe peristaltic func-
ion, 10 had a good response and 4 had a poor outcome
ut unrelated to postoperative dysphagia. This led to the
ighly controversial item #5 of the practice guideline
ccompanying the first technical review: “Manometry is
ossibly indicated for the preoperative assessment of
eristaltic function in patients being considered for an-
ireflux surgery and is indicated in this setting if uncer-
ainty remains regarding the correct diagnosis.”

Adding fuel to the controversy regarding the relation-
hip between preoperative manometry and postoperative
ysphagia, the past 10 years have yielded 2 prospective
tudies designed to address the issue. Fibbe et al pro-
pectively studied 200 patients being considered for
ntireflux surgery.54 Equal numbers of patients with and
ithout esophageal dysmotility were prospectively ran-
omized to either a Nissen 360° fundoplication or a
oupet 270° fundoplication. Four months postopera-

ively, they found that postoperative dysphagia was sig-
ificantly increased among the patients who underwent
issen fundoplication (44% Nissen vs 17% Toupet; P �

0001) but was unrelated to preoperative manometric
ndings. Another prospective trial of 106 patients ran-
omized to either Nissen-Rosseti or a partial Toupet
rocedure, irrespective of their manometric findings,
ame to a similar conclusion.55 Although the rate of

ysphagia was similar between the 2 operations, no
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orrelation existed between dysphagia and preoperative
anometric findings.
Taken together, the above data argue that preoperative
anometry is a poor predictor of postfundoplication

ysphagia. However, this conclusion must remain some-
hat guarded because these studies focused on patients
ith mild to moderate degrees of peristaltic dysfunction,
ot severe dysfunction as manifest by aperistalsis. Fibbe
t al found that there was a relationship between failed
eristalsis and worsening dysphagia; however, dysphagia
lso occurred in other circumstances.54 Ongoing research
uggests that equally important considerations are the
egree of constriction and the relative axial immobiliza-
ion imposed on the EGJ by the fundoplication.56 How-
ver, it is also apparent that conventional manometric
echniques are insensitive to detect these underlying
echanical defects. Currently, studies assessing flow

hrough the EGJ require a combination of fluoroscopy
nd high-resolution manometric evaluation. Topo-
raphic manometric data analysis and multichannel in-
raluminal impedance testing are also promising evolv-
ng technologies to aid in this assessment.57

While there is much controversy regarding the role of
reoperative manometry in predicting dysphagia, there
s no controversy that postoperative manometry is of
alue for the evaluation of postoperative dysphagia. Post-
undoplication dysphagia is common in the early post-
perative period, and patients often require soft diets for
he first 2–4 weeks. Dysphagia that persists longer than
–4 weeks should be evaluated with an upper endoscopy
r barium esophagram to assess the integrity of the wrap
nd evaluate for paraesophageal hernia. Subjects without
n overt mechanical disruption should be evaluated with
anometry to assess peristaltic function, LES pressure,

nd LES relaxation to assess whether the wrap is too tight
r an underlying motility disorder exists.

Dysphagia

Diagnosis of dysphagia. Dysphagia is a funda-
ental symptom of esophageal disease and is perceived as
relative obstruction to the passage of food or liquid

rom the oral cavity to the stomach. Abnormal esopha-
eal motility can cause esophageal dysphagia. However,
ignificant esophageal motility disorders are far less com-
on than mechanical obstruction due to peptic stricture,

chatzki ring, or mucosal inflammation from infectious,
austic, or peptic esophagitis. In fact, only after these
ore common entities have been excluded by endoscopy

r radiographic studies should the diagnosis of a motility
isorder be pursued.
Once embarking on a diagnostic pursuit of an esoph-
geal motility disorder, the next hurdle to cross is in the w
ealization that identifying an abnormality on a mano-
etric tracing does not equate to identifying a disease.
o equate a manometric abnormality with an esophageal
otor disorder implies that it results in a functional

bnormality of either bolus transit or perception that
eads to symptoms. Many manometric abnormalities,
uch as exaggerated contractions (nutcracker pattern or
ypertensive LES), are common in both patient popula-
ions58–72 and healthy volunteers.60,61,63,71,72 Consider-
ble attention has been directed at the functional signif-
cance of these findings, but no meaningful relationship
as been established between the “abnormalities” and
ither specific symptoms or impaired bolus transit. Thus,
his section on the use of manometry in the clinical
valuation of dysphagia focuses on manometric findings
hat do have a functional correlate and can cause dyspha-
ia: achalasia and (perhaps) diffuse esophageal spasm
DES), given the limitations of that diagnosis discussed
elow.

Achalasia. The defining characteristics of achala-
ia are failure of the EGJ high-pressure zone to relax
dequately with swallowing and aperistalsis in the
mooth muscle esophagus. The functional significance of
hese manometric findings is of poor bolus transit as
vident by fluoroscopy or scintigraphy. Pathologically,
hese findings are attributable to destruction of the in-
ibitory ganglionic neurons in the smooth muscle esoph-
gus. These intramural myenteric plexus neurons medi-
te deglutitive inhibition (including LES relaxation) and
he propagation rate of peristalsis; their absence offers a
nifying hypothesis for the key physiologic abnormali-
ies of achalasia: impaired LES relaxation and aperistalsis.
ther manometric features (elevated intraesophageal
ressure, hypertensive LES, or isobaric waveforms) pro-
ide supportive evidence to substantiate the diagnosis of
chalasia but are not essential findings.73

Given that esophageal aperistalsis also occurs with
isorders other than achalasia, including GERD, colla-
en vascular diseases, and diabetes, the diagnosis of
chalasia is highly dependent on accurately detecting
mpaired LES relaxation. Assuming that the LES could
e intubated, an inaccurate diagnosis of impaired relax-
tion could result from artifactual relaxation associated
ith inappropriate catheter design or from using subop-

imal diagnostic thresholds. Two studies utilizing assem-
lies that control for the effect of axial movement (a
leeve sensor and high-resolution manometry with topo-
raphic analysis) were recently conducted to minimize
uch errors. The highlights of these studies are summa-
ized in Table 1. With a sleeve sensor, the best single
ssessment of EGJ relaxation for a diagnosis of achalasia

as mean relaxation pressure using the 95th percentile
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alue of controls (12 mm Hg) as the upper limit of
ormal.32 Utilizing high-resolution manometry with to-
ographic analysis, similar accuracy was achieved using a
hreshold value of 8–10 mm Hg for the lowest mean
esidual pressure in a 3-second postdeglutitive interval.34

owever, the greatest accuracy was achieved utilizing a
ovel concept for assessing LES relaxation: the trans-
phincteric pressure gradient during the 2- to 6-second
ostswallow interval. Pressure gradients exceeding 5
m Hg had a sensitivity of 94% and a specificity of 98%

or detecting achalasia.
Although utilizing the methods and thresholds de-

ned in Table 1 will maximize diagnostic accuracy,
anometry remains an imperfect tool for detecting acha-

asia. Manometric variants exist in achalasia that can still
onfound the diagnosis.74–76 Illustrative of this is a re-
ort describing 4 achalasia variants in a retrospective
tudy of 58 patients with idiopathic achalasia.77 Achala-
ia variants were characterized by (1) high-amplitude
sophageal body contractions (“vigorous achalasia”), (2)
etained peristalsis in most of the esophagus with only a
hort segment of aperistalsis, (3) retained deglutitive LES
elaxation, and (4) impaired deglutitive relaxation but
ntact tLESRs. Despite utilizing state-of-the-art tech-
ique, each of these achalasia variants had atypical fea-
ures of either peristalsis or LES relaxation confounding
ts diagnosis. Nonetheless, in each case, the patients were
ymptomatically improved following Heller myotomy,
nd histopathologic analysis subsequently confirmed in-
ammation and destruction of the myenteric plexus. In
ddition to the possibility of misdiagnosis, manometric
riteria of achalasia are not 100% specific for either
diopathic achalasia or Chagas’ disease. Pseudoachalasia
ccounts for up to 5% of cases with manometric criteria
ypifying achalasia, being more common with progres-
ive age.78

DES. DES is defined as a clinical entity associated
ith abnormal esophageal contractions causing dyspha-
ia and/or chest pain. Although the etiology is unclear,
t likely represents a selective, often intermittent, dys-
unction of the myenteric plexus.79,80 However, unlike
chalasia (and akin to nonspecific esophageal motility
isorders), DES is defined by manometric criteria rather
han by clinical, functional, or pathologic criteria. It also
iffers from achalasia in that it is usually an intermittent
henomenon, with the esophagus alternatively exhibit-
ng normal primary peristalsis. Partly because of these
eatures, the diagnostic criteria for DES are a subject of
ncreasing controversy.

The manometric feature universal among proposed
lassification schemes for DES is the occurrence of simul-

aneous contractions.62 However, beyond that there is t
ittle agreement as to how frequently such contractions
eed to occur or whether they must exceed a threshold
mplitude to qualify.81 With respect to frequency, the
bservation that simultaneous contractions with �20%
f swallows have not been found in healthy volunteers
rgues in favor of accepting that threshold. As for an
ppropriate threshold amplitude for what constitutes a
spastic” contraction, simultaneous low-amplitude con-
ractions occur in scleroderma, amyloidosis, pseudo-
bstruction, alcoholic neuropathies, and GERD, all
ntities from which DES should be distinguished. Rec-
gnizing that the functional significance of these low-
mplitude pressure waves is different from that of high-
mplitude contractions, Spechler and Castell recently
roposed adding a second necessary manometric criterion
or DES that would incorporate a minimum amplitude of
0 mm Hg for simultaneous contractions, based on
unctional studies assessing bolus transit.82 Although
his added manometric criterion should improve the
pecificity of manometry in detecting DES, it may still
e too inclusive, thereby perpetuating the overdiagnosis
f DES.

The broader issue that has emerged is whether or not
ES even merits recognition as a major esophageal motor
isorder any more than do other manometrically defined
onditions without clear functional correlates, specifi-
ally nutcracker esophagus, hypertensive LES, and non-
pecific esophageal motor disorders. Clearly, if one ap-
lies a permissive definition to DES, the answer to this is
o. On the other hand, if one applies a very restrictive
efinition, DES becomes so rare that its very existence
omes into question. Such a definition would require the
resence of esophageal contractions of excessive ampli-
ude and duration temporally associated with symptoms
chest pain, dysphagia) in association with normal LES
elaxation. Applying this restrictive definition in the
etting of ambulatory manometry (to increase the yield
or symptom correlation), Barham et al found that only
6 of 390 symptomatic patients reported symptoms that
ere correlated with spastic events.83 These events met

ny criteria for spastic contractions but, given the rarity
ith which they were observed, it seems somewhat likely

hat they represent an occasional manifestation of another
isease process such as reflux rather than a distinct clin-
cal entity. Yet another consideration is that, in some
nstances, DES is associated with incomplete LES relax-
tion, in which case it is likely a variant of achalasia.77

aken together, these observations suggest that if DES is
distinct major motor disorder, it is certainly extremely

are. Traditional manometric criteria have oversimplified

he problem, resulting in overdiagnosis of the entity.
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Role of manometry in the management of
ysphagia. Treatment of achalasia results in symptom-
tic and functional improvement, making its identifica-
ion of indisputable clinical significance. Therapy is fo-
used on relieving the obstruction associated with
ncomplete LES relaxation, be that by pneumatic dila-
ion, Heller myotomy, or pharmacologic therapy. How-
ver, currently there are no pretreatment manometric
haracteristics that define which therapy is most appro-
riate for a given patient.
With respect to evaluating patients with a suboptimal

esponse to achalasia treatment, surgical failure may re-
ult from an incomplete myotomy, scarring, functional
bstruction by the antireflux component of the surgery,
araesophageal hernia, or profound esophageal dilatation.
imilarly, failure after pneumatic dilation may result
rom inadequate disruption of the LES or profound
sophageal dilatation. Limited data suggest that manom-
try can improve operative outcome with Heller myot-
my by minimizing the occurrence of incomplete myot-
my.84,85 Even in reports emanating from large referral
enters, incomplete myotomy is noted to occur in up to
3% of patients.85,86 Intraoperative manometry as an
djunct to Heller myotomy was the subject of a recent
eport on 139 patients with achalasia.87 In that report,
ntraoperative manometry detected a residual EGJ high
ressure in 45 subjects, leading to extension or modifi-
ation of the myotomy. Thirty-one of these instances
ere noted in the first 70 patients in the series, reflecting
n the learning curve for this operation. At 1-month
ollow-up, 126 subjects had responded to myotomy
93%) with only one subject failing because of persistent
GJ high pressure.
Manometry is useful in evaluating symptomatic pa-

ients after Heller myotomy or pneumatic dilation. Data
uggest that relief of dysphagia is related to postproce-
ure EGJ pressure, with a value of �10 mm Hg being
ptimal.88 Identification of residual EGJ high pressure
10 mm Hg argues for further therapy targeting LES

isruption. On the other hand, symptomatic subjects
ith basal LES pressures of �10 mm Hg may not benefit

rom repeat dilation or surgery and should be evaluated
ith a timed barium swallow to assess emptying.89 In

nstances in which a timed barium swallow demonstrates
oor esophageal emptying despite an optimal reduction
f EGJ pressure, esophageal resection with gastric
ull-up or colon interposition may be indicated.
The role of manometry in the management of dyspha-

ia associated with DES is limited by the fact that the
isease is poorly defined and that there are no controlled
rials demonstrating efficacy of any therapeutic regimen.

here are no reliable manometric thresholds that corre- r
ate with symptom improvement, and data suggest that
here is no correlation between symptom improvement
nd pharmacologic reduction of contraction amplitude.

Chest Pain

Diagnosis of chest pain. The most controversial
pplication of esophageal manometry pertains to the
valuation of chest pain. Abnormal esophageal motor
unction exemplified by achalasia, DES, or GERD may
ead to chest pain primarily through sensation of me-
hanical effects on the muscular wall or indirectly
hrough its inability to protect and defend the esophagus
rom noxious irritant stimuli (GERD). However, as tab-
lated in the first technical review, even though mano-
etric abnormalities are frequently encountered in pa-

ients with chest pain, the manometric patterns of
chalasia and DES account for only a small percentage.2

ather, most patients with chest pain are found to have
nonspecific disorders” such as those associated with
xaggerated contractions in the esophageal body (nut-
racker esophagus, hypertensive LES)65 or those associ-
ted with hypotensive contractions, such as a hypotensive
ES.90 Carefully weighing the evidence regarding the
linical relevance of these findings led to the highly
ontroversial item #7 of the practice recommendations
manating from the first technical review: “Manometry
hould not be routinely used as the initial test for chest
ain or other esophageal symptoms because of the low
pecificity of the findings and the low likelihood of
etecting a clinically significant motility disorder.”
ather than review the data leading to the conclusion

hat “nonspecific motility disorders” had little clinical
elevance, the following section details the evolution of
hinking on the link between the esophagus and chest
ain since 1994.
After the realization that manometrically detected

nonspecific esophageal motor disorders” were at best an
piphenomenon in patients with chest pain, investiga-
ions into other possible links between the esophagus and
hest pain have focused on 3 hypotheses: (1) chest pain is

manifestation of reflux, (2) pain is attributable to
bnormal motor events but the events are sufficiently
nfrequent so that they are not easily detected on bedside
anometry, and (3) pain is esophageal in origin but not
direct consequence of the motor events detected at
anometry. Each of these possibilities will be reviewed.
The relationship between GERD and chest pain has

een recognized since the original description of the
ernstein test. In fact, gastroesophageal reflux is proba-
ly the most common esophageal motor disorder associ-
ted with chest pain.68,69,91–95 In 1982, Demeester et al

eported that up to 46% of patients discharged from a
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oronary care unit with a diagnosis of noncardiac chest
ain had abnormal gastroesophageal reflux.91 Several
tudies have subsequently confirmed a high prevalence of
bnormal acid exposure in patients with noncardiac chest
ain.69,95–98 In terms of therapy, both surgical and med-
cal approaches have concluded that the most useful
herapy in patients with chest pain, regardless of a con-
omitant nonspecific motor disorder, was directed at
ontrolling reflux.64,94,99,100 In addition, a therapeutic
rial with potent antisecretory therapy is a useful cost-
ffective diagnostic method. Fass et al reported that the
omeprazole test” (40 mg AM and 20 mg PM for 7 days)
ad a sensitivity of 78% and a specificity of 86%.101

lthough not quite as accurate as standard ambulatory
H monitoring, the investigators estimated that the
meprazole test might save $573 per average patient and
esult in a 59% reduction in the number of diagnostic
ests. Thus, a therapeutic trial with potent antisecretory
herapy, such as proton pump inhibitors, should be
onsidered before an aggressive evaluation of esophageal
unction is performed.

Because both chest pain and abnormal peristaltic con-
ractions are sporadic events, the likelihood of document-
ng both in a brief bedside study seems slim. This
erception fostered the development of ambulatory
sophageal manometry systems capable of longer record-
ng intervals with the hope of correlating sporadic symp-
oms with sporadic contractile events. However, despite
everal examinations of this technology, no consensus has
merged regarding scoring techniques or overall utility.
ne study using combined ambulatory manometry and
H studies on a highly selected group of patients acutely
ospitalized for attacks of chest pain showed that up to
3% of patients have pain associated with episodes of
cid reflux, but there was little additional yield from the
anometric data.102 On the other hand, another trial did

etect sporadic symptomatic spastic events. Barham et al
ompared 24-hour ambulatory manometry with standard
aboratory-based manometry in detecting DES as a cause
f chest pain.83 They reported that 16 of 390 patients
4%) were classified as having DES by 24-hour monitor-
ng on the basis of painful events concomitant with
ontractions of excessive duration and amplitude. In
ontrast, standard manometry detected only 2 of these 16
atients and incorrectly labeled an additional 53 (14%)
s having DES on the basis of asymptomatic manometric
riteria. The variability of these results can be explained
y differences in patient populations studied and analysis
chemes utilized. Thus, at present, ambulatory manom-
try remains an investigational technique with scoring
riteria and symptom-association criteria remaining to be

stablished. a
The final hypothesis to be explored linking chest pain
o the esophagus is that although the esophagus is the
ltimate cause of chest pain, the relevant findings are not
vident with conventional manometry. Using high-fre-
uency intraesophageal ultrasonography, Balaban et al
eported a high correlation between chest pain events and
ustained esophageal muscular contractions.103 The con-
ractions were likely to reflect longitudinal muscle con-
raction because they were not associated with lumen
losure and changes in intraluminal pressure. This phe-
omenon would therefore not be evident during conven-
ional manometric monitoring. Alternatively, the rele-
ant parameter could be abnormal sensitivity or
ompliance. Richter et al first reported that balloon
istention reproduced chest pain in a higher proportion
f patients with chest pain compared with healthy con-
rols (60% vs 20%, P � .05).104 The past 10 years have
een a dramatic increase in the sophistication of studies
ssessing balloon distention and biomechanical proper-
ies of the esophagus. One recent advance, impedance
lanimetry, is a method designed to measure simulta-
eous intraluminal pressure and cross-sectional area. Us-
ng this technique, Rao et al reported that chest pain
atients without GERD have a stiffer and less distensible
sophagus than healthy volunteers.105,106 In addition,
hreshold sensation and threshold discomfort occurred at
ignificantly lower pressures and circumferential wall
ension levels in patients compared with controls. Even
fter inhibiting smooth muscle activity with atropine,
alloon distention still induced chest pain at these lower
ressures.106 Furthermore, the pressure and wall tension
hresholds required to generate moderate discomfort and
ain were significantly lower after treatment with atro-
ine, suggesting that this response may be mediated by
tretch instead of abnormal muscular contraction. Al-
hough these studies have added significantly to our
nderstanding of the pathogenesis of esophageal chest
ain, there is currently no validated clinical use for
mpedance planimetry and it remains an experimental
echnique.

Management of chest pain. Contrary to practice
atterns of the recent past, recent data suggest that the
ole of manometry in the evaluation of patients with
hest pain is limited to patients who have been suffi-
iently evaluated and treated for GERD and those in
hom achalasia is a possible diagnosis. Certainly, abnor-
al gastroesophageal reflux is the most common esoph-

geal etiology of esophageal chest pain and antireflux
herapy offers the most potential benefit in terms of
ymptom response. At present, no data exist comparing
mbulatory pH monitoring with an empiric trial of

ntireflux therapy in this application and either approach
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ould be appropriate before consideration of an esopha-
eal motor disorder.
Patients who do not respond to antireflux therapy or

atients in whom the clinical suspicion of achalasia is
igh may benefit from manometric evaluation, realizing
hat the yield is low. Identification of achalasia has
mportant clinical ramifications because treatment re-
ults in significant improvement in dysphagia. This is
ess straightforward with chest pain that is less likely to
espond to achalasia treatment.107

Manometry for the Diagnosis of
Multisystem Disease

Manometrically evident abnormalities of peristal-
is and LES function can be associated with systemic
iseases that affect smooth muscle or the autonomic
ervous system. The pattern of dysfunction evident in
cleroderma and other collagen vascular diseases is of
iminished or absent peristalsis in the distal half to two
hirds of the esophagus and diminished or absent LES
ressure with preserved function in the proximal third of
he esophagus and the UES.108 Clinically, this often
esults in dysphagia and GERD along with its compli-
ations. These findings are so characteristic of sclero-
erma that this manometric pattern has been labeled
scleroderma esophagus.” However, scleroderma esopha-
us is neither sensitive nor specific for collagen vascular
iseases and can be found in GERD patients without
cleroderma. Although the relationship between esoph-
geal dysmotility and collagen vascular disease is strong,
t was the fact that esophageal dysmotility was part of the
iagnostic criteria of the CREST syndrome that led to
he previous guideline recommendation #3: “Manometry
s indicated for detecting esophageal motor abnormalities
ssociated with systemic diseases (eg, connective tissue
iseases) if their detection would contribute to establish-
ng a multisystem diagnosis or other aspects of manage-
ent.” Recent changes in the diagnostic criteria of

cleroderma and the lack of clinical data demonstrating
linical benefit from the routine evaluation of patients
ithout esophageal symptoms require reevaluation of

his guideline. The CREST syndrome is no longer con-
idered a distinct clinical entity with a distinct manage-
ent strategy.6,109 Given these events, it is reasonable to

mit a specific guideline for the clinical use of esophageal
anometry addressing collagen vascular disease and to

nstead manage these patients on a symptomatic basis.

JOHN E. PANDOLFINO
PETER J. KAHRILAS
Northwestern University

Chicago, Illinois
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