
Pandolfino JE, Kahri las PJ. New technologies in the 
gastrointestinal clinic and research: Impedance and high-resolution 
manometry. World J Gastroenterol 2009; 15(2): 131-138  
Available from: URL: http://www.wjgnet.com/1007-9327/15/131.
asp  DOI: http://dx.doi.org/10.3748/wjg.15.131

INTRODUCTION
The evaluation of  a patient with dysphagia should 
begin with a careful evaluation for structural causes for 
obstruction, such as webs, rings, strictures and mass 
lesions. Once these entities are ruled out with either 
endoscopy or fluoroscopy, the work-up should shift 
its focus to defining esophageal motor function and 
bolus transit abnormalities. Although fluoroscopy can 
provide information on bolus transit, it is burdened by 
the requirement of  radiation, and the inability to detect 
the pressure profile of  the peristaltic event. Currently, 
only manometry can define the pressure profile of  both 
peristalsis and LES relaxation. However, this technology 
is limited by an inability to provide information on 
bolus transit and emptying. Furthermore, conventional 
manometry has been hindered by a lack of  standardization 
of  methodology and conflicting notions of  how to 
analyze the data. Direct evidence of  this predicament 
can be found in a recent publication highlighting the 
poor inter-observer agreement in the analysis of  clinical 
manometry; even amongst expert practitioners[1]. 

Given the above observations, two technologies have 
been developed that have the potential to improve the 
management of  dysphagia: high-resolution manometry and 
intraluminal impedance monitoring. While high-resolution 
manometry is an evolution of  current manometric 
techniques, impedance monitoring is a new technology that 
complements manometric data by providing information 
on bolus transit without the need for radiation or an 
additional test. These two techniques have advanced our 
understanding of  esophageal motility and it is very likely 
that they will also improve clinical management.

Multichannel Intraluminal 
Impedance (MII)
MII: Technical aspects
As mentioned previously, f luoroscopic evaluation 
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Abstract
The last five years have been an exciting time in the 
study of esophageal motor disorders due to the recent 
advances in esophageal function testing. New technol-
ogies have emerged, such as intraluminal impedance, 
while conventional techniques, such as manometry, 
have enjoyed many improvements due to advances in 
transducer technology, computerization and graphic 
data presentation. While these techniques provide 
more detailed information regarding esophageal func-
tion, our understanding of whether they can improve 
our ability to diagnose and treat patients more effec-
tively is evolving. These techniques are also excellent 
research tools and they have added substantially to 
our understanding of esophageal motor function in 
dysphagia. This review describes the potential benefits 
that these new technologies may have over conven-
tional techniques for the evaluation of dysphagia. 
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of  the esophagus is an excellent tool to assess the 
intraluminal anatomy of  the esophagus as well as bolus 
transit. However, it requires radiation and also lacks the 
detail to define and classify esophageal motor function. 
Intraluminal impedance monitoring was devised to 
circumvent the requirement of  radiation in assessing 
bolus transit by monitoring intraluminal resistance. 
Impedance monitoring works by using an alternating 
current generator to apply an electrical potential between 
pairs of  metal electrode rings separated by an isolator. 
The electrical current loop can only be closed through 
the conduction of  electrical charges by the surrounding 
material bridging the two metal electrode rings. Air, 
liquid (saline/refluxate), and the esophageal mucosa each 
have unique impedance characteristics, thereby allowing 
definition of  which material resides between each pair of  
electrodes. Air is highly resistant to current flow and, thus, 
has a high impedance value, while saline and gastric juice 
have relatively low resistance to flow and, thus, have a low 
impedance value. Esophageal mucosa has an intermediate 
impedance range and, thus, serves as a baseline during 
monitoring. 

By dispersing the impedance electrodes along a 
catheter, and defining impedance changes at adjacent 
pairs of  rings, one can determine the direction of  bolus 
transit within the esophagus and also document whether 
complete bolus clearance has occurred (Figure 1)[2-4]. 
Studies using combined fluoroscopy and impedance 
have validated the convention that liquid bolus entry is 
characterized by a 50% drop in impedance at the recording 
site while bolus exit is characterized by a return to at 
least 50% of  baseline[5,6]. Studies assessing the correlation 
between simultaneous barium videoesophagram and 
impedance revealed agreement in over 97% of  swallows 
for determining normal bolus transit or retrograde escape 
and stasis[7]. Thus, this technique provides qualitative 
evidence of  esophageal emptying. However, it does not 
provide quantitative data regarding volume.

MII: Investigations into dysphagia pathogenesis
An important f irst observation using combined 
MII and conventional manometry was focused on 
describing bolus transit patterns associated with various 
esophageal motor patterns. Tutuian et al[8] described an 
experience in 350 patients presenting for evaluation of  
esophageal function. Bolus transit was assessed based 
on conventional manometric criteria of  swallowing 
function. All patients with manometrically defined 
achalasia and scleroderma had abnormal bolus transit. 
In contrast, only half  of  the patients with ineffective 
esophageal motility (IEM) and spasm had abnormal 
bolus transit. The majority of  patients with intact 
peristalsis and various LES abnormalities had normal 
bolus transit. The authors theorized that impedance 
monitoring could potentially categorize esophageal 
motor abnormalities into more clinically relevant groups 
based on abnormalities of  both bolus transit and 
pressure as opposed to pressure alone. 

Looking to provide more focused information re-
garding a clinical role for impedance, Tutuian et al[9] 

analyzed 71 subjects with DES and characterized them 
based on both their motor function and ability to obtain 
complete bolus transit[9]. Their findings suggested that 
DES patients with dysphagia were more likely to have 
abnormal bolus transit than DES patients who pre-
sented with predominant chest pain. Furthermore, they 
also noted that DES patients presenting with chest pain 
were not only more likely to have normal bolus transit, 
but also exhibited higher contraction amplitudes. These 
observations are intriguing as it appears that impedance 
may help define treatment strategies for various patient 
groups: chest pain patients with extremely high contrac-
tile amplitudes may be a sub-population amenable to 
treatments with nitrates and calcium channel blockers; 
while patients with impaired bolus transit may require 
alternative therapies.

MII: Clinical aspects 
The clinical protocol for combined impedance/manom-
etry is similar to the standard conventional manometric 
protocol with the exception that normal saline is used 
for the 10 liquid swallows and there is an additional por-
tion of  the study that utilizes viscous swallows. Saline is 
used because its high conductivity provides a contrast in 
impedance between the liquid bolus and the esophageal 
wall, while the viscous bolus is typically a gel provided 
by the manufacturer or another food, such as yogurt or 
apple sauce. Impedance parameters calculated for the 
evaluation of  bolus transit using liquid and viscous swal-
lows are: (1) total bolus transit time (between bolus entry 
at 20 cm above the LES and bolus exit at 5 cm above 
the LES); (2) bolus presence time (the interval between 
bolus entry and bolus exit at each impedance-measuring 
site); and (3) segmental transit times (the interval be-
tween bolus entry at a given level above the LES and 
bolus exit at the next most distal level)[10]. Swallows are 
classified as having: (1) complete bolus transit if  bolus 
exit is recorded in all three distal impedance-measuring 
sites or (2) incomplete bolus transit if  bolus exit is not 
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Figure 1  Example of retrograde escape and proximal stasis on simultaneous 
multichannel intraluminal impedance and fluoroscopy. The fluoroscopic bolus 
is represented by the gray bolus at each time interval during the swallow and the 
green bolus during retrograde escape. The bottom panel is a single impedance 
tracing at the proximal location. The bolus is present at the proximal impedance 
site until 2.6 s where the bolus tails moves distal to the two rings at that level and 
the impedance tracing returns to baseline. At 3.6 s, the bolus (green) reenters the 
recording site and once again the impedance drops consistent with bolus retention. 
Modified from Imam et al[7]. 1Time in seconds.
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identified at one or more of  the three distal impedance-
measuring sites.

Normal values for both liquid and viscous swallows 
have been reported by different groups using slightly dif-
ferent techniques. Tutuian et al[10]. performed combined 
impedance/manometry on 43 normal healthy subjects 
and analyzed 10 liquid and 10 viscous swallows to deter-
mine normative ranges for total bolus transit time and the 
percent of  swallows associated with complete bolus tran-
sit. Their results revealed that total bolus transit time for 
both liquid and viscous swallows were 12.5 s and greater 
than 90% of  individuals had > 80% of  the liquid swal-
lows associated with complete bolus transit and > 70% 
of  the viscous swallows associated with complete bolus 
transit[10]. Two other studies in normal controls revealed 
similar bolus transit parameters and thus, it appears that 
this technology is reproducible in normal subjects[11,12].

MII: Future directions
Although available data suggests that abnormal bolus 
transit occurs in many patients presenting with dysphagia, 
there is no clear data supporting an association of  
abnormal bolus transit, and the perception of  dysphagia. 
Thus, future research should focus on the mechanisms 
by which abnormal bolus transit elicits symptoms. Such 
studies should consider the role of  sensitivity, anxiety 
state and other potential confounders that may modulate 
symptoms. In addition, studies focused on whether or not 
abnormal bolus transit can predict clinical outcomes in 
dysphagia patients are also needed to support the role of  
impedance in clinical practice. 

New technologies incorporating impedance tech-
niques are also evolving that can provide more detail 
regarding anatomy and mechanical properties of  the 
esophageal body[13,14]. The functional lumen imaging 
probe (FLIP) was created by McMahon et al[13,14] to mea-
sure cross-sectional area of  the esophagus at extremely 
small intervals. This technique applies computer soft-
ware that converts the high-resolution planimetry data 
into a computer animation that recreates the geometry 
of  the anatomic zone being studied. In addition, a pres-
sure/distention relationship can be measured to define 
elasticity and compliance of  the lumen wall and, thus, 
represents the first dynamic technique to profile both 
anatomy and function of  the esophagus with a single de-
vice. Although these devices are currently only available 
for research purposes, it is likely that they will be incor-
porated into clinical devices along with high-resolution 
impedance and topographic display methods. 
 
High-resolution manometry
Esophageal manometry is considered the “gold standard” 
for assessing esophageal motor function[15]. Accordingly, 
the current diagnostic classification of  esophageal 
motor disorders is based almost entirely on manometric 
patterns of  abnormal peristalsis and LES function[16]. 
Conventional manometry typically utilizes 3-8 pressure 
sensors positioned within the esophageal lumen to assess 
the contractile pattern during water swallows. A variety of  

sensor technologies exist, including solid-state transducers, 
circumferentially sensitive transducers, perfused ports, and 
the Dentsleeve device. The heterogeneity of  the sensor 
types and lack of  consensus regarding the optimal spacing 
of  sensors may be partially responsible for the poor 
intra- and inter-observer reproducibility reported in the 
literature[1]. Thus, refinements in manometry are needed 
to improve reproducibility and accuracy of  this “gold 
standard”.

HRM: Technical aspects
High-resolution manometry is not a new technology 
and represents a modification of  existing technology 
to provide greater detail by utilizing a vastly increased 
number of  sensors spaced closely together. Thus, not only 
time, but also the spatial domain of  the pressure profile 
within the esophagus can be captured as a continuum 
after interpolation between the sensors. The ideal system 
for esophageal studies should span from the pharynx to 
the stomach with sensor separation of  no more than a 
centimeter apart within and around the sphincters and a 
temporal frequency response matched to the zone of  the 
esophagus in which the sensors reside. High-resolution 
manometry can be adapted to work with any transducer 
technology, as long as the recording fidelity of  the sensor 
is adequate. The frequency response required to reproduce 
esophageal pressure waves with 98% accuracy is 0-4 Hz, 
while that required for reproducing pharyngeal pressure 
waves is 0-56 Hz[17]. Expressed in terms of  maximal 
recordable ∆P/∆t, 300 mmHg/s is sufficient for studying 
the esophageal body while the pharynx will require a ∆
P/∆t of  4000 mmHg/s for the pharynx. 

Early studies incorporating high-resolution manom-
etry utilized water perfused systems due to availability of  
appropriate multilumen extrusions, the flexibility of  the 
sensor spacing, and the cost of  solid-state pressure sen-
sors. However, the response characteristics of  the water 
perfused sensors were technically limited for studying 
the pharynx or for measuring detailed pressure gradients 
through both the upper and lower esophageal sphinc-
ters. Thus, the ideal system would incorporate solid-state 
sensors, which have become clinically available. The ad-
vantages of  this type of  high-resolution system are: (1) 
a simplified procedural set up with improved sphincter 
localization; (2) elimination of  movement artifact; (3) sim-
plified data interpretation; and (4) ability to perform more 
sophisticated analysis of  esophageal function. These attri-
butes alone make this technology more user-friendly and 
efficient. Thus, it has the potential to replace conventional 
manometry utilizing a line tracing format. 

The vastly increased quantity of  data and the 
confusing presentation of  multiple overlapping tracings 
spaced closely together presents new challenges for 
interpreting high-resolution manometry. Thus, new 
algorithms have been devised to provide a seamless 
dynamic representation of  pressure at every axial 
position from the hypopharynx through the EGJ. 
Advances in computer izat ion and g raphic data 
presentation have been adapted so that esophageal 
contractile activity following a swallow can be portrayed 

www.wjgnet.com

Pandolfino JE et al . MII and HRM		                   					                       133



in the format of  color isobaric contour topographic 
plots (Figure 2). Clouse and Staino were the first to 
apply this technique in the esophagus and developed a 
methodology to interpolate and convert this information 
into topographic plots[18]. This data presentation format 
is more akin to an imaging technique, as opposed 
to conventional manometric tracings, and has the 
potential to greatly simplify and standardize the clinical 
manometric study. 

HRM: Investigations into dysphagia pathogenesis
Topographic analysis of  HRM data has clearly advanced 
our knowledge of  esophageal motor function. The 
recent application of  topographic analysis to esophageal 
peristalsis demonstrated that progression through the 
esophageal body is not seamless. Rather, it is comprised 
of  a sequence of  contractile events occurring in four 
discrete pressure segments (Figure 2). The first segment 
represents the striated muscle component of  the proximal 
esophagus, and extends from the UES to the first pressure 
trough in the region of  the aortic arch. This trough, 
representing the transition zone is usually easily identified. 
The distal portion of  the esophagus is considered the 
smooth muscle dominant portion, and can be separated 
into two overlapping neuromuscular segments. The fourth 
contractile segment encompasses the LES. This segmental 
configuration was not appreciated by conventional 
manometry and underscores the strength of  topographic 
analysis of  manometric data[18-20]. 

Within the esophageal body one of  the early 
achievements of  HRM was the understanding of  the 
transition zone in the mid esophagus, not just as the 
locus of  the nadir in peristaltic pressure amplitude, but 
also as a physiological transition between propagated 
contractions of  completely distinct physiology[21]. The 
proximal segment is that dominated by striated muscle, 
while the distal segment is smooth muscle. The proximal 

contraction is attributable to sequenced activation of  
motor neurons in the medulla, while the distal contraction 
in the smooth muscle is sequenced as a function of  
the balance between the excitatory and inhibitory 
interneurons of  the myenteric plexus. This enhanced 
understanding of  the transition zone can also account for 
the distinct pathology in which there is an abnormal delay 
between the termination of  the proximal contraction and 
the origination of  the distal contraction or a spatial gap 
between the two, as an explanation for dysphagia[22].

One of  the first important investigations that took 
advantage of  the detail HRM provides in defining 
simultaneous pressure across anatomic zones, was 
performed by Pal et al. to define pathologic constriction 
across the UES[23]. Their findings suggested that 
intrabolus pressure was an important marker of  impaired 
bolus transit, and represented constriction at the UES. 
Our group built upon this work, utilizing combined 
HRM and fluoroscopy at the upper esophageal sphincter 
to determine if  manometry alone could be leveraged to 
accurately predict bolus transit across the EGJ in patients 
with a spectrum of  pathological conditions[24]. Using the 
normative data for esophago-gastric flow permissive 
time in 20 controls and mathematical modeling data of  
antegrade esophageal emptying[25], we performed a ROC 
analysis for the predictive value of  flow permissive time 
that is optimal to predict complete clearance. Our findings 
suggest that a cut-off  value of  ≤ 2.5 s had the best 
predictive value for incomplete clearance with a sensitivity 
of  86% and specificity of  92%. We speculate that 
intrabolus pressure elevations above the EGJ may also be 
useful in defining pathologic constriction or impaired EGJ 
opening and future work should be focused on defining 
normative values for intrabolus pressure.

HRM: Clinical aspects
Given the fact that high-resolution manometry is a 
refinement of  an already existing clinical tool, it can be 
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Figure 2  Typical swallow pressure topography spanning from the 
pharynx (locations 0-2 cm) to stomach (locations 29-35 cm) of a 
normal subject with normal peristalsis and normal EGJ relaxation. The 
transition zone, demarcating the end of the proximal esophageal segment 
(striated muscle) and the beginning of the distal esophageal segment 
(smooth muscle), is readily identified as a pressure minimum. Note that the 
distal segment, in fact, has three sub-segments (S1, S2, S3) within it, each 
with an identifiable pressure peak. Sub-segment 3, the LES, contracts at the 
termination of peristalsis and then descends back to the level of the CD as 
the period of swallow-related esophageal shortening ends. The onset of the 
deglutitive relaxation window is at the onset of upper sphincter relaxation 
while the offset is 10 s later. The spatial domain within which EGJ relaxation 
is assessed (the eSleeve™ range) is user defined, spanning at least 6 cm, 
depending on the extent of esophageal shortening after the swallow. The 
contractile front velocity (CFV) is the slope of the line connecting the black 
circle-points on the 30 mmHg isobaric contour at the proximal margin of S1 
and the distal margin of S2. 
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easily substituted for conventional manometry in our 
standard evaluation of  esophageal motor disorders. The 
clinical protocol for high-resolution manometry is almost 
identical to standard conventional manometry with the 
obvious exclusion of  the initial pull-through protocol to 
localize the LES. This portion of  the initial intubation 
procedure and positioning of  the catheter is not required 
due to the increased number and close proximity of  the 
sensors making the sphincters easily identifiable on the 
topographic pressure plots. 

With the adoption of  HRM technology and pressure 
topography display methodology, the classification of  
esophageal motility that was developed for conventional 
manometric systems needs to be reconsidered. Although 
conventional metrics can be easily measured using simple 
software programs to convert the topographic data back 
to conventional line tracings and then applying a con-
ventional analysis to a selected set of  the line tracings, 
this method ignores the incremental gain in information 
obtained from the patterns presented by the pressure 
topographic plots. The alternative approach is to build 
an analysis and classification scheme that parallels con-
ventional manometric classification, but also enhances it 
based on the strengths of  the technology. To that end, 
we recently completed a comprehensive characterization 
of  esophageal HRM data using novel analysis paradigms 
devised for pressure topography interpretation. We ana-
lyzed 75 normal subjects to develop normative ranges 
and applied this analysis system to 400 patients[26]. The 
major conclusions from that work, along with relevant 
contributions from other research groups, has allowed 
the initial formulation of  an analysis and classification 
system for clinical practice and will be summarized in 
the following sections and tables.

The approach to analyzing and classifying HRM stud-
ies parallels conventional manometric technique in that it 
is focused on defining sphincteric and esophageal body 
function. However, new analysis paradigms have been 
created to assess deglutitive EGJ relaxation and peristal-
tic integrity and vigor with higher accuracy and detail. 

Basal EGJ relaxation pressure is measured using similar 
methodology to that used in conventional manometry; 
by assessing the mean end-expiratory pressure during a 
sufficient baseline period at the beginning of  the study. 
Defining EGJ relaxation, however, has been modified to 
quantify EGJ relaxation pressure during the entire degluti-
tive period. Although a single nadir pressure measurement 
can be easily measured, bolus emptying and flow through 
the EGJ is not instantaneous and may take up to 4 to 5 s 
based on the volume swallowed[24]. Thus, deglutitive re-
laxation pressure is now quantified by measuring the 4 s 
integrated relaxation pressure (IRP), which represents the 
lowest 4 s cumulative pressure values for the deglutitive 
time period through the anatomic zone defining the EGJ. 
Normative values for this parameter were derived form 
75 normal controls (Table 1) and this measurement was 
shown to be superior to a single nadir measurement and 
the continuous 3 s nadir pressure[27].

Recognizing that esophageal bolus transport is ef-
fected by the interaction of  resistance through the EGJ, 
intrabolus pressure, and esophageal closure pressure 
behind the bolus[28], the second step of  the analysis fo-
cuses on defining peristaltic integrity. Given previous 
data suggesting that pressures greater than 30 mmHg 
are almost uniformly associated with complete bolus 
transit[29,30], this threshold value was applied to define an 
intact peristaltic wavefront. This analysis is facilitated 
by the generation of  30 mmHg isobaric contour plots 
that delineate a pressure domain such that all pressures 
above this threshold value are circumscribed by a dark 
line. Normal swallows should have a seamless intact  
30 mmHg isobaric contour with a contractile front ve-
locity (CFV) below 7.5 cm/s. Abnormalities of  single 
swallows are defined by the defects in the 30 mmHg iso-
baric contour and the contractile front velocity (Table 1). 

The vigor of  the smooth muscle contraction is an-
other component that can be quantified in detail with 
HRM using a parameter defined as the distal contractile 
integral (DCI). This parameter quantifies the contractile 
activity in a space-time box by multiplying the length of  

Table 1  Classification of individual swallows based on pressure topography criteria

Classification                                Criteria

EGJ Deglutitive Relaxation (referenced to gastric pressure)

Normal relaxation 4 s Integrated Relaxation Pressure (IRP) < 15 mmHg
Impaired relaxation 4 s IRP ≥ 15 mmHg

Distal Segment Contraction (referenced to gastric pressure)
Normal ≤ 2 cm defect in the 30 mmHg isobaric contour, Contractile Front Velocity (CFV) < 8 cm/s, Intrabolus Pressure (IBP) 

< 15 mmHg, and Distal Contractile Integral (DCI) < 5000 mmHg × s × cm
Mild peristaltic defect Normal appearing wavefront propagation with a 2-5 cm defect in the 30 mmHg isobaric contour
Severe peristaltic defect Evidence of wavefront propagation with a ≥ 5 cm defect in the 30 mmHg isobaric contour
Absent peristalsis No propagating contractile wavefront and minimal (< 3 cm) contractile activity or pressurization greater than the 

30 mmHg IBC
Nutcracker DCI > 5000 & < 8000 mmHg × s × cm
Spastic nutcracker DCI > 8000 mmHg × s × cm
Spasm Simultaneous contraction (CFV > 7.5 cm/s)
Elevated intrabolus pressure IBP > 15 mmHg compartmentalized between the EGJ and the peristaltic wavefront
Panesophageal pressurization Esophageal pressurization UES to EGJ with > 30 mmHg IBP
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the smooth muscle esophagus by the duration of  propa-
gation of  the contractile wave front, and the mean pres-
sure value over the entire box excluding pressure signal 
below 20 mmHg[26]. The DCI provides much more detail 
than 3 isolated measurements of  maximal contractile am-
plitude at 3-5 cm intervals, as it incorporates duration of  
contraction into the measurement. Although a DCI value 
> 5000 mmHg × s × cm exceeded the 95th percentile of  
normal thereby meeting the usual criterion for nutcracker 
esophagus, a threshold value of  8000 mmHg × s × cm 
distinguished a spastic nutcracker subgroup (n = 12) char-
acterized by repetitive high amplitude contractions that 
was uniformly associated with dysphagia or chest pain[26]. 
Intrabolus pressure is another feature that can easily be 
defined by HRM using the isobaric contour tool to assess 
patterns of  pressurization (Figure 3). 

These measurement parameters for single swal-
lows can be utilized to classify esophageal motor disor-

ders[26,31]. Although HRM classification schemes have 
not been rigorously validated, they once again parallel 
conventional classification, and have the added benefit 
of  much greater detail and an ability to characterize 
intrabolus pressure. Thus, it should not be difficult to 
incorporate these classification schemes into current 
clinical practice. Table 2 represents our motility laborato-
ries version of  an evolving classification scheme. Apart 
from changing the paradigm of  categorizing peristalsis 
based on an intact isobaric contour, the classification 
of  peristaltic dysfunction is very similar to conventional 
classification with the extra detail of  distinguishing spas-
tic nutcracker. The fundamental differences between the 
HRM classification system and previous conventional 
classification systems focuses on the sub-classification 
of  achalasia and the category of  EGJ obstruction de-
fined by elevated IBP and impaired EGJ relaxation 
(Figure 3). In our analysis of  400 consecutive patients, 

Table 2  Distal esophageal motility disorders based on pressure topography criteria

Disorder Criteria

With Normal EGJ Relaxation (mean IRP < 15 mmHg)
Peristaltic Weakness
    Intermediate More than 30% of swallows with mild or severe peristaltic defects, but numerically insufficient to 

constitute severe peristaltic weakness
    Severe ≥ 70% of swallows with severe peristaltic defects
Aperistalsis 100% swallows with absent peristalsis
Nutcracker Esophagus Normal CFV, Mean DCI > 5000 and < 8000 mmHg × s × cm, can be localized to either distal subsegment 

or LES
Spastic Nutcracker Normal CFV, Mean DCI > 8000 mmHg × s × cm
Distal Esophageal Spasm Normal EGJ relaxation and spasm (CFV > 8 cm/s) with ≥ 20% of swallows
Esophageal Obstruction Increased IBP or panesophageal pressurization not associated with EGJ obstruction 

With Impaired EGJ Relaxation (mean IRP ≥ 15 mmHg)
Achalasia
    Classic achalasia
    Achalasia with esophageal compression

Impaired EGJ relaxation and aperistalsis 
Impaired EGJ relaxation, aperistalsis, and panesophageal pressurization with ≥ 20% of swallows

    Spastic achalasia Impaired EGJ relaxation, aperistalsis, and spasm with ≥ 20% of swallows
EGJ Obstruction
    Mild Elevated IBP (15-30 mmHg) that is compartmentalized between the peristaltic wavefront (normal, weak, 

or nutcracker) and EGJ
    Severe IBP > 30 mmHg that is compartmentalized between the peristaltic wavefront (normal or nutcracker) and 
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Figure 3  Defining increased intrabolus 
p r e s s u r e  u s i n g  h i g h - r e s o l u t i o n 
manometry. The figure illustrates a swallow 
with functional obstruction at the EGJ. Note 
that the 30 mmHg isobaric contour line 
(black) deviates quickly from the 50 mmHg 
isobaric contour line (blue). In this case, the 
contractile front velocity is normal, reflecting 
the propagation velocity of 50 mmHg 
isobaric contour rather than the 30 mmHg 
isobaric contour. The intrabolus pressure 
domain is defined by the compartmentalized 
pressurization between the propagating 
contraction and the EGJ. Modified from: 
Pandolfino et al[26].
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we found that 44 patients met this criteria and these pa-
tients were a heterogeneous group composed of  post-

fundoplication surgery, esophageal stricture, eosinophilic 
esophagitis and an idiopathic group that could represent 
an achalasia variant or pathology that could not be de-
fined by conventional methodology[26].

A diagnosis of  achalasia requires both aperistalsis and 
impaired deglutitive EGJ relaxation. However, there are 
specific subtypes that can be identified using HRM that 
can predict clinical outcome (Figure 4). In its most obvi-
ous form, achalasia occurs in the setting of  esophageal 
dilatation with negligible pressurization within the esopha-
gus (Type 1). However, despite there being no peristalsis, 
substantial pressurization within the esophagus can also 
occur. In fact, a very common pattern encountered in 
achalasia is of  pan-esophageal pressurization (Type 2). 
These patients generally have a non-dilated esophagus 
with no obvious endoscopic or radiographic abnormali-
ties. The other, much less common, pattern is of  spastic 
achalasia in which there is a spastic contraction within the 
distal esophageal segment (Type 3). In a series of  73 con-
secutive achalasics, 40 (54.8%) had aperistalsis, 29 (39.7%) 
had pan-esophageal pressurization, and only 4 (5.5%) had 
spastic achalasia (Pandolfino et al[26]). The importance of  
this classification scheme was highlighted when logistic 
regression analysis found Type 2 to be a predictor of  posi-
tive treatment response while Type 3 was predictive of  
negative treatment response regardless of  whether treat-
ment was medical, endoscopic or surgical.

CONCLUSION
Multichannel intraluminal impedance and HRM are 
new tools that can improve the accuracy and detail in 
describing esophageal function. These technologies 
should not be viewed as competing technologies, as each 
provides distinct information. Rather, efforts should be 
focused on combining these techniques, as they are largely 
complementary. For instance, high-resolution manometry 
is the best method to analyze the pressure profile of  the 
esophagus, and certainly it should be combined with 
impedance monitoring if  bolus transit abnormalities are 
shown to help define disease states and direct clinical 
treatment. 
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