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Abstract

Background—The Chicago Classification (CC) of esophageal motility disorders, utilizing an 

algorithmic scheme to analyze clinical high-resolution manometry (HRM) studies, has gained 

acceptance worldwide.
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Purpose—This 2014 update, CC v3.0, developed by the International HRM Working Group, 

incorporated the extensive clinical experience and interval publications since the prior (2011) 

version.

Key results—CC v3.0 utilizes a hierarchical approach, sequentially prioritizing: 1) disorders of 

esophagogastric junction (EGJ) outflow (achalasia subtypes I–III and EGJ outflow obstruction), 2) 

major disorders of peristalsis (absent contractility, distal esophageal spasm, hypercontractile 

esophagus), and 3) minor disorders of peristalsis characterized by impaired bolus transit. EGJ 

morphology, characterized by the degree of overlap between the lower esophageal sphincter and 

the crural diaphragm and baseline EGJ contractility are also part of CC v3.0. Compared to the 

previous CC version, the key metrics of interpretation, the integrated relaxation pressure (IRP), the 

distal contractile integral (DCI), and the distal latency (DL) remain unchanged, albeit with much 

more emphasis on DCI for defining both hypo- and hypercontractility. New in CC v3.0 are: 1) the 

evaluation of the EGJ at rest defined in terms of morphology and contractility, 2) ‘fragmented’ 

contractions (large breaks in the 20-mmHg isobaric contour), 3) ineffective esophageal motility 

(IEM), and 4) several minor adjustments in nomenclature and defining criteria. Absent in CC v3.0 

are contractile front velocity (CFV) and small breaks in the 20-mmHg isobaric contour as defining 

characteristics.

Conclusion—CC v3.0 is an updated analysis scheme for clinical esophageal HRM recordings 

developed by the International HRM Working Group.

Keywords

High resolution manometry; achalasia; ineffective esophageal motility; dysphagia; esophageal 
motility disorders

INTRODUCTION

The Chicago Classification (CC) categorizes esophageal motility disorders in high-

resolution manometry (HRM) depicted with color pressure topography plots, also known as 

Clouse plots in honor of Ray E. Clouse (1951–2007), their key innovator [1]. The first major 

version of the CC was published in 2009 after the inaugural meeting of the International 

HRM Working Group in San Diego in 2008 [2]. The next major update followed from a 

meeting of the International HRM Working Group in Ascona in 2011 and was endorsed by 

numerous international motility and gastroenterology societies [3]. Since then, the clinical 

application of HRM has increased rapidly as have the number of relevant clinical and 

investigational publications. Consequently, an expanded International HRM Working Group 

met in Chicago in conjunction with DDW 2014 to formulate the CC v3.0. Current plans are 

for future versions (with appropriate version numbers) to be organized in conjunction with 

and endorsed by the American Neurogastroenterology and Motility Society (ANMS), the 

European Society of Neurogastroenterology and Motility (ESNM), and other motility 

societies that elect to become involved to coincide with intervals of the anticipated 3-year 

cycle of DDW being hosted in Chicago, depending on the perceived need at the time. This 

article summarizes the deliberations emanating from the 2014 Chicago meeting of the 

International HRM Working Group to formulate the second major update of the CC of 

esophageal motility disorders, version 3.0.
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INTERPRETING THE HRM STUDY

The primary objective of the CC is to apply standardized HRM metrics to categorize 

esophageal motility disorders in patients with non-obstructive dysphagia and/or esophageal 

chest pain. The evaluation scheme is based on the analysis of ten 5-ml swallows performed 

in supine position and the Classification is intended for patients without prior surgery 

affecting the esophagus or the esophagogastric junction (EGJ). Several proposals were put 

forth to the International HRM Working Group pertinent to expanding and/or modifying this 

mandate. Some of these were ultimately accepted and some not. In broad terms, the 

proposed modifications were:

• Simplifying HRM metrics and making technology-specific adjustments to 

normative values

• Incorporating metrics pertinent to EGJ morphology and tone

• Simplifying the criteria for disorders (and abnormalities) of peristalsis

• Clarifying the diagnostic criteria for achalasia and EGJ outflow obstruction

• Incorporating metrics pertinent to upper esophageal sphincter (UES) disorders

• Incorporating physiological challenges as adjuncts to the manometric evaluation

The major points of discussion as well as the outcome of those discussions are summarized 

as follows.

Simplifying metrics and technology-specific adjustments to normative values

The basic measurements utilized in prior versions of the CC are the integrated relaxation 

pressure (IRP), distal contractile integral (DCI), distal latency (DL), and the contractile front 

velocity (CFV). Several issues were raised pertinent to the clinical experience of applying 

these:

• A median rather than a mean cutoff value among test swallows for the IRP is more 

logical

• Cutoffs defining abnormality for some measures, especially the IRP, are 

technology-specific

• Localization of the contractile deceleration point (CDP), used in the measurement 

of DL and CFV, can be difficult

• The CFV is of unclear relevance

• Hypercontractility occasionally uniquely affects the LES and not the distal 

esophagus

With respect to the IRP, although the metric has served well to identify EGJ outflow 

obstruction, it was unanimously agreed that utilizing a median rather than a mean value 

among test swallows would minimize the impact of one or more outlier values that might 

otherwise skew the result (e.g. due to cough during measurement period). Another important 

consideration is that the cutoff for the upper limit of normal is technology-specific ranging 
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from a low value of 15 mmHg for the Sierra design transducers to as high as 28 mmHg for 

the Unisensor design (Table S1) [4–9]. A correlate of this observation is that the diagnostic 

accuracy for detecting EGJ outflow obstruction for each device varies and, to date, has only 

been rigorously analyzed for the Sierra design. The variability evident in Table S1 also 

emphasizes the peril of being overly rigid in the application of cutoff values.

The definition of distal esophageal spasm (DES) in the CC depends on identifying 

premature contractions, defined by the DL and physiologically representing an attenuation 

of deglutitive inhibition. The DL is measured as the interval from UES relaxation to the 

CDP [10]; a value less than 4.5 s defines a premature contraction. Hence, the CDP is a key 

landmark in the assessment of the contraction pattern. On Clouse plots, the CDP represents 

the inflexion point in the contractile front propagation velocity in the distal esophagus [11]. 

After the CDP, propagation velocity slows signifying the termination of esophageal 

peristalsis and the onset of ampullary emptying, which is mechanistically very distinct, 

amounting to the reconstitution of the contracted LES [12]. However, the CDP can be 

difficult to localize in instances of atypical peristaltic architecture or compartmentalized 

pressurization (Figure 1). Hence, there are two added caveats for localizing the CDP: 1) to 

deal with problems of atypical peristaltic architecture an added criterion is that the CDP 

must be localized to within 3 cm of the LES [13], and 2) in instances of compartmentalized 

pressurization the CDP needs to be localized along an isobaric contour line of greater 

magnitude than the compartmentalized intrabolus pressure.

With the definition of DES predicated on contractile latency rather than contractile velocity, 

the issue also arises of what relevance remains for the CFV. Comparison between the CFV 

and the DL clearly demonstrated that a rapid CFV lacks specificity for spasm, often instead 

identifying fragmented peristaltic contractions with atypical architecture (Figure 2) [10]. 

Among 67 patients with at least 20% of rapid contractions with normal latency, Pandolfino 

et al. showed that this abnormality was associated with a variety of conditions: EGJ outflow 

obstruction (n=7, 11%), weak peristalsis (n=41, 61%), hypertensive peristalsis (n=5, 7%) 

and even normal peristalsis (n=14, 21%) [10]. These observations led the Working Group to 

conclude that the CFV should not be used as a defining metric in CC v3.0.

Distal esophageal contractile vigor is summarized using the DCI. This metric applies an 

algorithm to quantify the contractile pressure exceeding 20 mmHg for the region spanning 

from the transition zone to the proximal aspect of the LES. As such, it encompasses the 

space-time domain of the 2nd and 3rd contractile segments defined by Clouse [14] and 

provides a single number summarizing contractile vigor in this region. The DCI was initially 

devised to differentiate hypercontractility (jackhammer) from normal, but has subsequently 

been adapted to identify hypocontractile conditions as well. With respect to 

hypercontractility, there are clearly instances in which this phenomenon involves the LES as 

well as the 2nd and 3rd contractile segments and others in which it seemingly only involves 

the LES (Figure 3). In some of these cases, excluding the LES from the measurement 

domain might then fail to detect the abnormality. However, the Working Group was averse 

to the proposal of introducing a new metric to quantify post-deglutitive LES contractility in 

the absence of any clinical data demonstrating the significance of such a distinction. Rather, 

it was proposed to simply incorporate the LES into the DCI measurement domain in these 
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instances and use the existing cutoff value (8,000 mmHg) to define hypercontractility. The 

rationale was that the degree to which the normal LES pressure exceeds 20 mmHg is 

sufficiently slight such that its ‘normal’ contribution to the DCI would be minimal.

Revised metrics used in the Chicago Classification v3.0 are summarized in Table 1 and 

normal values for currently available devices are given in Supplementary Materials (Tables 

S1 and S2).

Metrics pertinent to EGJ morphology and tone

Absent from prior versions of the CC were any characterization of EGJ morphology or 

contractility. However, despite the absence of conventions, several publications pertinent to 

reflux pathophysiology have utilized HRM and devised metrics to characterize both EGJ 

morphology and phasic contractions. Hence, the Working Group agreed on the significance 

of the issue and on establishing basic conventions for characterizing the EGJ in CC v3.0 

(Table 2).

EGJ morphology—With HRM and Clouse plots, the relative localization of the two 

contractile elements of the EGJ, the LES and the crural diaphragm (CD) can be 

distinguished. Based on observations in control subjects and gastroesophageal reflux disease 

(GERD) patients, Pandolfino et al. described three EGJ subtypes [15] (Figure 4). With type I 

EGJ morphology, there is complete overlap of the CD and LES on the Clouse plot and a 

single pressure peak evident at inspiration on the associated spatial pressure variation plot. 

With type II EGJ morphology, the LES and CD are spatially separated such that there is a 

double-peaked pressure profile on the spatial pressure variation plot at inspiration, but the 

nadir pressure between peaks does not decline to gastric pressure and the separation between 

the LES and CD peaks is 1–2 cm. With type III EGJ morphology, the inspiratory spatial 

pressure variation plot exhibits >2cm separation between the LES and CD peaks with the 

nadir pressure between them equal to or less than gastric pressure; with type IIIa the 

pressure inversion point remains at the CD level, while in type IIIb it is located at the LES 

level. In terms of the relationship between manometric EGJ morphology and hiatus hernia, 

clearly there would be no radiographically evident hiatus hernia with type I EGJ 

morphology and a persistent hernia with EGJ separation of 2 cm or more. Between those 

extremes, and in the absence of any data on the subject, one would speculate that a hernia 

would be variably diagnosed depending on the interpreter and the radiographic criteria 

applied.

EGJ morphology has been shown to be an important determinant of EGJ barrier function in 

that spatial separation between LES and CD facilitates gastroesophageal reflux [16]. It is 

also important to note that the separation between LES and CD may fluctuate in the course 

of a prolonged HRM study because reflux preferentially occurs when the EGJ assumes type 

II or III morphology [16]. Hence, the Working Group concluded that LES-CD separation 

has physiological relevance and should be reported as the both the morphologic subtype and 

the range of LES-CD separation observed throughout the study.

EGJ tone—In HRM recordings there is a strong phasic component to EGJ pressure during 

normal respiration that is attributable to CD contraction at inspiration. Hence, a robust 
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measure of EGJ tone needs to account for the effects of respiratory variation. The simplest 

way to accomplish this is to measure both inspiratory and expiratory EGJ pressure averaged 

over 3–5 respiratory cycles, referenced to intragastric pressure. For each respiratory cycle, 

inspiratory EGJ pressure is defined as the maximal pressure occurring at inspiration and 

expiratory pressure as the maximal pressure occurring at the midpoint between adjacent 

inspirations. Using that approach, Pandolfino et al. reported that the strongest single 

predictor of clinical category (esophagitis, abnormal pH monitoring study, control) was the 

magnitude of inspiratory augmentation observed [15]. The emphasis on inspiratory as 

opposed to expiratory EGJ pressure is also supported by preliminary work with 3D-HRM, 

demonstrating that the hiatus and CD dominate over the intrinsic LES in defining EGJ 

barrier function [17]. Preliminary data utilizing inspiratory muscle training as an effective 

therapeutic intervention in GERD also support this contention [18].

An alternative approach to summarizing EGJ barrier function would be to develop a metric 

analogous to the DCI only applied to the EGJ. Such a metric would then incorporate EGJ 

length and respiratory variability. Along that line, Hoshino et al. described the LES pressure 

integral, in essence simply measuring the ‘DCI’ at 20-mmHg isobaric contour of the EGJ 

complex for a 10-s window devoid of swallows [19]. The LES pressure integral was found 

to be significantly lower in patients with pathological esophageal acid exposure than in 

patients with normal esophageal acid exposure (p <0.05). A LES pressure integral <400 

mmHg·s·cm had a sensitivity of 79% and a specificity of 54% in predicting abnormal 

esophageal acid exposure. More recently, the Chicago group proposed to use the EGJ 

contractile integral (EGJ-CI) to quantify EGJ contractility in HRM [20]. The EGJ-CI was 

also determined using the DCI tool, but for a duration of 3 consecutive respiratory cycles 

with the isobaric contour threshold set at 2 mmHg above the gastric pressure. The ‘DCI’ 

value was then divided by the duration of the three respiratory cycles (in seconds) yielding 

EGJ-CI units of mmHg·cm. The median (IQR) EGJ-CI was 39 (25–55) mmHg-cm in 

controls versus 18 (8–30) in GERD patients characterized by abnormal pH-impedance 

studies (p <0.05). Finally, the Saint Louis group proposed a slightly different calculation of 

the EGJ-CI [21] not normalized to time, referenced to intragastric pressure, and excluding 

the CD component in instances of EGJ type III morphology. Using ROC analysis, a 

threshold of 122 mmHg·s·cm had a sensitivity of 61% and specificity of 61% in predicting 

abnormal esophageal acid exposure. A value <122 mmHg·s·cm was also associated with 

good outcome after antireflux surgery in 75% of patients versus 43% after medical 

treatment.

Conclusions of the HRM Working Group—The Working Group considered the 

existing data on application of the EGJ-CI metric and concluded that, although promising, 

further work was necessary to standardize the methodology of calculation. Hence, it was 

concluded that the simplest assessment of EGJ pressure was an average of inspiratory and 

expiratory values for 3 normal respiratory cycles, ideally in a quiescent portion of the 

recording, remote from either spontaneous or test swallows in order to exclude the effect of 

the post-deglutitive contraction. The inspiratory EGJ pressure is the mean of maximal 

inspiratory EGJ pressures reached during inspiration, and the expiratory EGJ pressure is the 
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average EGJ pressure midway between inspirations; normative values are reported in 

Supplementary Materials Table S3.

Simplifying the criteria for disorders (and abnormalities) of peristalsis

In prior versions of the CC, the assessment of peristaltic function was based on scoring ten 

5-ml swallows performed in the supine position in terms of ‘integrity’, contraction pattern, 

and intrabolus pressure pattern. The scoring of ‘integrity’ relied heavily on the identification 

of large (>5 cm in length) or small (2–5 cm in length) breaks in the 20-mmHg isobaric 

contour with the DCI being used primarily to identify hypercontractility, which was 

categorized as a contraction pattern. The Working Group had several proposals for 

simplifying and clarifying the evaluation of peristalsis in CC v3.0:

• The measure of contractile vigor should be independent of contraction pattern 

(breaks)

• The utility of separately counting weak and failed contractions was questioned

• The significance of hypertensive peristaltic contractions (DCI 5,000–8,000 

mmHg·s·cm) was questioned

• The significance of detecting small 20-mmHg isobaric contour breaks was 

questioned

Contraction vigor—Although an ineffective contraction was originally defined in 

conventional manometry on the basis of low amplitude peristalsis, this criterion was not 

used to define weak peristalsis in prior versions of the CC. Hence, some contractions with 

normal or even high DCI were categorized as ‘weak’ because of small or large breaks in the 

20-mmHg isobaric contour, while contractions with low DCI might be considered normal as 

long as the 20-mmHg isobaric contour was intact. Consequently, when correlating 

conventional line tracing analysis and Clouse plot analysis, Xiao et al. demonstrated that 

swallows scored as ineffective on conventional line tracing potentially corresponded to a 

mixture of intact contractions (a contraction without a break in the 20-mmHg isobaric 

contour), weak contractions with small or large breaks, and failed contractions on Clouse 

plots [22]. In brief, although breaks in the 20-mmHg isobaric contour might correspond to 

ineffective swallows, they were non-specific.

To clarify the distinction between contractile vigor and the contraction pattern, the Working 

Group elected to separate these concepts and base the evaluation of contractile vigor entirely 

on the DCI, using cutoff values of 100 mmHg·s·cm for failed peristalsis and 450 

mmHg·s·cm for weak peristalsis. The value for weak peristalsis was derived directly from 

the Xiao paper (positive percent agreement in predicting ineffective swallows of 83% and 

negative percent agreement 90% in a validation sample of 100 patients) while the threshold 

for failed peristalsis represented a convenient compromise between proposed values ranging 

from 50 to 150 mmHg·s·cm. Both failed and weak peristaltic contractions are ineffective. At 

the other extreme of contractile vigor, it was accepted to keep the cutoff for 

hypercontractility at 8,000 mmHg·s·cm, but to eliminate the ‘hypertensive’ designation for 
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contractions with DCI between 5,000 and 8,000 mmHg·s·cm because it has no apparent 

clinical significance.

Contraction pattern—The Working Group opined that breaks in the 20-mmHg isobaric 

contour be considered under the heading of ‘contraction pattern’. However, since small 

breaks (<3 cm) in the 20-mmHg isobaric contour are frequently encountered in normal 

subjects [23], the Working Group proposed that these be considered normal. On the other 

hand, large breaks (>5 cm) in the 20-mmHg isobaric contour are significantly more common 

in patients with dysphagia than in controls (14 vs 4%, p=0.02) [24] and these are still scored 

in CC v3.0. However, to complete the separation between the concepts of contractile vigor 

and contraction pattern, the term of ‘fragmented’ was adopted to characterize a contraction 

with a large break in the 20-mmHg isobaric contour, but normal or elevated DCI (>450 

mmHg·s·cm) [25]. Similarly, a premature contraction must have both a DL <4.5 s and a DCI 

>450 mmHg·s·cm to qualify; otherwise it would be considered failed and fall under the 

category of ‘ineffective contractions’.

Intrabolus pressure pattern—The patterns of intrabolus pressure identified in CC v3.0 

remain as previously defined. Intrabolus pressure is scored using the 30-mmHg isobaric 

contour and abnormal pressurization corresponds to regions of esophageal pressurization to 

>30 mmHg. Intrabolus pressure is ‘panesophageal’ if it spans from the EGJ to the UES, 

‘compartmentalized’ if it extends from the deglutitive contractile front to the EGJ and ‘EGJ 

pressurization’ if restricted to zone between the LES and CD in conjunction with hiatal 

hernia.

Summary—The updated classifications and associated criteria for deglutitive contractile 

vigor, contraction pattern, and intrabolus pressure are summarized in Table 3, with key 

illustrative examples depicted in Figure 5.

THE CHICAGO CLASSIFICATION v3.0

Achalasia and EGJ outflow obstruction

The first assessment of esophageal motility in the CC is whether or not EGJ outflow 

obstruction is present as defined by the IRP. Disorders of EGJ outflow obstruction are 

further subdivided into achalasia subtypes and EGJ outflow obstruction (Figure 6). Three 

subtypes of achalasia were defined in the previous iteration of the CC, differentiated by the 

patterns of non-peristaltic esophageal pressurization that accompanied the elevated IRP: 

type I achalasia was characterized by 100% failed contractions and no esophageal 

pressurization; type II achalasia was defined by panesophageal pressurization occurring with 

at least 20% of swallows; and type III achalasia was defined by the presence of preserved 

fragments of distal peristalsis or premature contractions for at least 20% of the swallows in 

the 2012 Chicago Classification [26]. Finally, EGJ outflow obstruction was defined by an 

elevated IRP with some instances of intact or weak peristalsis such that the criteria of 

achalasia were not met with the caveats that EGJ outflow obstruction might be due to 

achalasia, wall stiffness consequent from an infiltrative disease, or a manifestation of hiatal 

hernia. It was also acknowledged that an isolated elevated IRP value could be an artifact and 

evidence of bolus pressurization proximal to the EGJ in conjunction with an elevated IRP 
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bolsters its functional significance. However, without a validated metric to quantify bolus 

pressurization, the Working Group was hesitant to require the added criterion.

Update in Chicago Classification v3.0—The Working Group had several proposals 

for clarifying the definitions of achalasia and EGJ outflow obstruction in CC v3.0:

• Use a median rather than a mean cutoff value among test swallows for the IRP

• Use a lower IRP cutoff for type I achalasia as suggested by a regression tree model

• Consider that panesophageal pressurization with ≥20% of swallows in conjunction 

with 100% failed contractions be pathognomonic for type II achalasia, irrespective 

of IRP

• Clarify the definition of type III achalasia, clearly distinguishing it from EGJ 

outflow obstruction with some preserved peristalsis

• Emphasize the heterogeneity of conditions potentially causing EGJ outflow 

obstruction

Using a median rather than a mean IRP value was noncontroversial as many members of the 

Working Group had more or less already adopted a practice of ignoring outlier IRP values 

and this simply formalizes that process. However, the proposal to selectively modify the IRP 

cutoff value depending on diagnosis ran against the overarching principle of streamlining 

and simplifying the CC. The Working Group preferred to keep the same IRP threshold for 

all achalasia subtypes, but to leave some flexibility in interpretation when certain 

combinations of contractility are observed. For instance, due to the relevance of the 

regression tree model analysis [27], the Working Group suggested to add a qualifier to the 

diagnosis of absent contractility: in instances of 100% failed contractions, a diagnosis of 

achalasia should be considered if there is a borderline median IRP value or if there is 

evidence of esophageal pressurization. Another pertinent observation relevant to defining 

type III achalasia was that after treatment with pneumatic dilation or Heller myotomy, 

peristalsis that was not observed prior to treatment can be observed [28]. This led to the 

hypothesis that remnants of peristalsis are more common than previously thought and were 

simply being obscured by esophageal pressurization in the pre-treatment studies. Hence, in 

CC v3.0 the Working Group restricted the definition of Type III achalasia to premature 

contractions, eliminating the possibility that it be defined by remnants of esophageal 

peristalsis.

Finally, EGJ outflow obstruction is defined by an elevated median IRP with some instances 

of intact or weak peristalsis such that the criteria of achalasia are not met. This has several 

potential etiologies including incompletely expressed achalasia, early achalasia, esophageal 

wall stiffness consequent from an infiltrative disease or cancer, vascular obstruction of the 

distal esophagus, or a manifestation of a sliding or paraesophageal hiatal hernia. Hence this 

finding should prompt further investigation such as with endoscopic ultrasound or CT to 

clarify its etiology. The revised definitions of achalasia and EGJ outflow obstruction are 

detailed in Table 4.
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Major disorders of peristalsis

Major motility disorders are defined as motility patterns other than achalasia or EGJ outflow 

obstruction that are not encountered in control subjects. In the prior iteration of the CC, this 

amounted to three entities: DES defined as normal mean IRP and ≥20% of premature 

contractions; hypercontractile (or jackhammer) esophagus defined as at least one swallow 

with DCI ≥8,000 mmHg·s·cm; and absent peristalsis defined as normal mean IRP and 100% 

of swallows with failed peristalsis.

Update in Chicago Classification v3.0—The Working Group strongly supported the 

use of the criteria described above. However, in some cases, slight modifications were 

proposed for CC v3.0:

• Modify the requirement for hypercontractile esophagus to ≥20% of swallows with a 

DCI >8,000 mmHg·s·cm

• Recognize the occurrence of hypercontractile LES

• Substitute the term ‘absent contractility’ for ‘aperistalsis’ or ‘absent peristalsis’ to 

differentiate the entity from other clinical scenarios in which peristalsis is absent 

(eg achalasia)

• Advise caution in distinguishing absent contractility from type I achalasia

The definition of hypercontractile esophagus (jackhammer esophagus) was based on the 

occurrence of at least one swallow with DCI >8,000 mmHg·s·cm [29]. However, it has 

subsequently become apparent that this disorder is heterogeneous and might occur along 

with other abnormalities, such as EGJ outflow obstruction, gastroesophageal reflux disease, 

or eosinophilic esophagitis. Furthermore, with one Working Group member’s observation of 

an 8,000 mmHg·s·cm DCI occurring in a control subject, the threshold of one swallow 

meeting that criterion was deemed insufficient and of uncertain relevance. Hence, the 

international HRM Working Group proposed to define jackhammer esophagus as the 

occurrence of ≥20% of swallows with a DCI >8,000 mmHg·s·cm and normal latency. 

Another caveat that has come to light is that hypercontractility can involve the LES or even 

be restricted to the LES (Figure 3). Hence, as discussed earlier, expanding the DCI 

measurement to include the EGJ in such instances is warranted.

Finally, the Working Group proposed to change the terminology of ‘absent peristalsis’ to 

‘absent contractility’. The definition remained unchanged (normal EGJ relaxation and 100% 

failed peristalsis). This modification was noncontroversial as the intent was simple to clearly 

distinguish the entity from absent peristalsis as might occur with achalasia or DES. Also 

along those lines, the difficulty of distinguishing absent contractility from type I achalasia in 

the setting of a ‘borderline’ IRP was acknowledged. Based on the classification and 

regression tree analysis, type I achalasia should be considered in with IRP values in the 10–

15 mmHg with the Sierra system [27] and, in general, esophageal pressurization should also 

alert one to the possibility of achalasia. The revised definitions of the major disorders of 

peristalsis are detailed in Table 4.
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Minor disorders of peristalsis

The clinical significance of minor motility disorders continues to be actively debated. It was 

the strong feeling of the Working Group that ‘overly classifying’ these was 

counterproductive as it distracted attention from the importance of identifying the major 

disorders. In the prior version of the CC, five ‘peristaltic abnormalities’ were recognized: 

weak peristalsis with large peristaltic breaks; weak peristalsis with small peristaltic breaks; 

frequent failed peristalsis; rapid contractions with normal latency; and hypertensive 

peristalsis.

Update in Chicago Classification v3.0—As already mentioned, the prior classification 

for ‘peristaltic abnormalities’ encountered significant dissatisfaction in the clinical 

community because of its complexity and unclear relevance. Hence, the Working Group 

proposed major simplifications to this category. There were a multitude of proposals for 

modification in CC v3.0, the essence of which were:

• Rename the category ‘minor disorders of peristalsis’

• Eliminate small breaks (2–5 cm) in the 20-mmHg isobaric contour as a criterion of 

abnormality

• Eliminate rapid CFV (>9 cm/s) as a criterion of abnormality

• Eliminate the designation of ‘hypertensive peristalsis’ (DCI 5,000–8,000 

mmHg·s·cm)

• Adopt the ‘ineffective esophageal motility’ (IEM) designation popularized in 

conventional manometry using HRM criteria

• Eliminate ‘frequent failed peristalsis’ as a distinct diagnostic entity

• Incorporate new data from studies of multiple repetitive swallows into the criteria 

for IEM

As previously mentioned, small breaks in the 20-mmHg isobaric contour are frequently 

observed in control subjects, making these of unclear significance. Similarly, a substantial 

number of controls can exhibit rapid contractions with normal latency on the basis of 

atypical features of their topographic ‘fingerprints’. However, neither of these conditions has 

recognized clinical significance leading the Working Group to conclude that they should be 

considered variations of normal. Finally, the relevance of hypertensive peristalsis is not 

widely accepted; its definition, based on a mean DCI among 10 swallows being >5,000 

mmHg·s·cm, was inconsistent with the general scheme of the CC that is otherwise based on 

the individual scoring of swallows. Furthermore, this value has significant overlap with 

control subjects. Therefore, while these contraction abnormalities may be descriptively 

reported when encountered, their clinical significance remains unclear and CC v3.0 does not 

regard them as abnormal.

A strong sentiment of the Working Group was that CC v3.0 adopt the terminology 

‘ineffective esophageal motility’ (IEM) popularized in conventional manometry. The 

unifying feature of swallows contributing to the diagnosis of IEM is poor bolus transit in the 

distal esophagus. Using conventional manometry, IEM was defined by 50% or more 
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ineffective swallows, which were in turn defined as contractions exhibiting amplitudes <30 

mmHg at pressure sensors positioned 3 or 8 cm above the LES [30]. This approximates a 

DCI threshold of 450 mmHg·s·cm in HRM with Clouse plots [22]. Thus, it has been 

proposed to define ineffective swallows in CC v3.0 by a DCI <450 mmHg·s·cm with ≥50% 

ineffective swallows constituting IEM. No distinction need be made between failed 

swallows and weak swallows, thereby eliminating the former designation of ‘frequent failed 

peristalsis’.

Another development relevant to the diagnosis of IEM is the use of multiple rapid 

swallowing (MRS) as a supplemental test. MRS consists of administering five 2-ml water 

swallows separated by 2–3 s intervals, too brief a period to allow significant peristaltic 

progression. MRS profoundly inhibits the esophageal body and LES and is normally 

followed by an esophageal contraction of augmented amplitude. Using conventional 

manometry, half of patients with IEM normalized esophageal contraction amplitude after 

MRS [31], a phenomenon labeled ‘peristaltic reserve.’ Applying this concept to HRM, the 

DCI of the contraction that followed MRS was compared to the average DCI of the prior 10 

test swallows in controls and in a cohort of GERD patients prior to fundoplication [32]. The 

DCI ratio (DCI after MRS/ average DCI of the 10 swallows) was greater than 1 in 78% of 

controls, 64% of patients without dysphagia after fundoplication, 44% of patients with early 

dysphagia after fundoplication and 11% of patients with late dysphagia after fundoplication 

(p<0.02). Further, a DCI ratio >0.85 had a sensitivity of 67% and a specificity of 64% in 

segregating patients developing late postoperative dysphagia from those with no 

postoperative dysphagia. Thus, the DCI ratio might reflect the peristaltic reserve and help 

predict the occurrence of postoperative dysphagia after antireflux surgery. The Working 

Group acknowledged the utility of MRS in patients with IEM to evaluate the peristaltic 

reserve, but was not convinced that it should yet be incorporated into the CC.

The remaining entity under the category of minor disorders of peristalsis pertains to large 

breaks in the 20-mmHg isobaric contour. Even though the significance of small breaks in the 

20-mmHg isobaric contours was discounted, large breaks (>5 cm) might well be clinically 

relevant. Hence, the Working Group proposed to define ‘fragmented peristalsis’ as ≥50% 

fragmented contractions with the added stipulation of not meeting IEM criteria. The new 

definitions of the minor disorders of peristalsis are detailed in Table 4.

NEXT STEPS

The Chicago Classification is an evolving process. Version 3.0 takes into account interval 

publications since 2012 and the worldwide clinical experience of the experts in the field. 

Updating classification every 3 years is the goal of the HRM Working Group since this is 

required to maintain a classification that takes relevant new developments in the field into 

account.

Although initially an objective of CC v3.0, pharyngeal and UES functions are still not 

included in the CC v3.0. Recent publications suggest the utility of combined impedance-

HRM, but not HRM by itself, in predicting the risk of aspiration in patients with 

oropharyngeal swallowing disorders [33–35]. Impedance measurement might also 
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complement the analysis of esophageal function in patients without significant pressure 

abnormalities or to evaluate the impact of pressure abnormalities on bolus flow [36, 37] and 

might also be incorporated into future versions of the CC. Similarly, performing HRM in 

alternative conditions such as upright posture [8, 38] or introducing swallow challenges into 

the study such as free drinking [38] or a test meal, [40] to trigger motility abnormalities may 

improve the diagnostic yield of the study. Finally, post-surgical conditions are not addressed 

in the CC v3.0. In brief, although substantially matured since its inception, the CC 

necessarily is a work in progress and much remains to be addressed in future versions.

CONCLUSION

The CC v3.0 incorporates recent advances in the understanding of esophageal motility 

disorders imaged in HRM with pressure topography plots. Compared to the previous 

version, the evaluation of the EGJ at rest is now defined in terms of morphology and 

contractility. The key metrics of interpretation, the IRP, DCI, and DL remain unchanged, 

albeit with much more emphasis on DCI compared to prior CC versions. Absent in CC v3.0 

are CFV, small breaks in the 20-mmHg isobaric contour, and hypertensive contractions 

(DCI 5,000–8,000 mmHg·s·cm) as defining characteristics. New in CC v3.0 are fragmented 

contractions (large breaks in the 20-mmHg isobaric contour), IEM, and several minor 

adjustments in nomenclature and defining criteria, all summarized in Table 4. Figure 7 

illustrates a hierarchical, algorithmic approach to the clinical application of CC v3.0
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Abbreviations

CC Chicago Classification

CDP contractile deceleration point

CFV contractile front velocity

CD crural diaphragm

DCI distal contractile integral
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DL distal latency

DES distal esophageal spasm

EGJ esophagogastric junction

EGJ-CI EGJ contractile integral

GERD gastroesophageal reflux disease

IEM ineffective esophageal motility

IRP integrated relaxation pressure

LES lower esophageal sphincter

UES upper esophageal sphincter
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Key messages

• The Chicago Classification (CC) categorizes esophageal motility disorders 

utilizing high resolution manometry (HRM) imaged with pressure topography 

plots

• This update, CC v3.0, was developed by the International HRM Working Group 

through an international consensus process

• CC v3.0 utilizes a hierarchical approach, sequentially prioritizing: 1) disorders 

of esophagogastric junction (EGJ) outflow, 2) other major disorders of 

peristalsis, and 3) minor disorders of peristalsis

• Disorders of EGJ outflow obstruction are characterized by a median integrated 

relaxation pressure above the limit of normal. These disorders are divided into 

achalasia subtypes (I, II, and III) and EGJ outflow obstruction

• Major motility disorders (never found in control subjects) apart from those 

characterized by EGJ outflow obstruction are absent contractility, distal 

esophageal spasm and jackhammer esophagus

• Minor motility disorders, characterized by impaired esophageal bolus transit, are 

ineffective esophageal motility and fragmented peristalsis
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Figure 1. 
The CDP represents the inflexion point in the contractile front propagation velocity in the 

distal esophagus. However, two inflexion points can sometimes be identified in instances of 

atypical peristaltic architecture (Panels A and B). Depending of the location of the inflexion 

point, DL measured from UES relaxation to the CDP might be either normal (>4.5 s) or 

reduced (upper location, Panel B). Adding the stipulation that the CDP must be localized to 

within 3 cm of the proximal margin of the LES (area between the 2 red dotted lines) 

prevents miscategorization in Panels A and B. In instances of compartmentalized 

pressurization (Panel C) the CDP is localized along a pressure above the intra-bolus pressure 

(50 mmHg isobaric contour on Panel C), not to the moment of compartmentalized 

pressurization.
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Figure 2. 
Lack of relevance of CFV in the identification of DES. The CFV can be elevated (>9 cm/s) 

with a reduced DL (<4.5 s) (Panel A, a patient with symptoms of dysphagia and chest pain). 

However, in cases with a normal DL, an elevated CFV might be seen as the consequence of 

atypical contraction architecture (patients without dysphagia in Panels B and C) or a large 

break in the contractile front (Panel D, patient with IEM and a negative CFV value on this 

swallow).
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Figure 3. 
Normal esophageal contraction followed by hyperconctractility of the LES (Panel A). 

Including the LES (the 4th contractile segment defined by Clouse) in the DCI measurement 

(white dashed box) result in a diagnosis of hypercontractility. In the case of borderline DCI 

(Panel B) including LES in the DCI measurement also results in the diagnosis of 

hypercontractility.
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Figure 4. 
sophagogastric junction (EGJ) morphology subtypes. For each panel the instantaneous 

spatial pressure variation plot corresponding to the red line on the pressure topography plot 

is illustrated by the black line to the right. The two main EGJ components are the LES and 

CD, which cannot be independently quantified when they are superimposed as with a type I 

EGJ (Panel A). The respiratory inversion point (RIP), shown by the white horizontal dashed 

line, lies near the proximal margin of the EGJ. During inspiration (I) EGJ pressure increases, 

whereas it decreases during expiration (E). Type II EGJ pressure morphology is illustrated 

in Panel B. Note the 2 peaks on the instantaneous spatial pressure variation plot; the nadir 

pressure between the peaks is greater than the intra gastric pressure. The RIP is at the level 

of the CD. Panels C and D correspond to type III EGJ pressure morphology defined as the 

presence of 2 peaks of the instantaneous spatial pressure variation plot with the nadir 

pressure between the peaks equal to or less than intragastric pressure. The RIP is at the CD 

with type IIIa (Panel C) whereas it is at the level of the LES in IIIb (Panel D).
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Figure 5. 
Contractile vigor and contraction pattern. Contractile vigor is assessed using the DCI: a 

contraction with a DCI <100 mmHg·s·cm is failed (Panel A); a contraction with a DCI >100 

but <450 mmHg·s·cm is weak (Panel B); and a hypercontractile swallow is defined as a DCI 

>8,000 mmHg·s·cm (Panel C). Premature contraction is defined as a distal latency (DL) <4.5 

s (Panel D). A weak contraction (DCI <450 mmHg·s·cm) with a reduced distal latency is 

considered failed (Panel E). A contraction with a normal DCI (450–8,000 mmHg·s·cm) and 

a break >5 cm is a fragmented contraction (Panel F).
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Figure 6. 
Disorders associated with EGJ outflow obstruction. Impaired EGJ relaxation is evident by 

an IRP >15 mmHg. Instantaneous pressure along the black dashed line is represented by the 

black line on the right side of each panel. In type I achalasia, there is no esophageal 

contraction and no esophageal pressurization (Panel A). Type II achalasia is characterized 

by panesophageal pressurization and absence of a peristaltic contraction (Panel B). Note that 

pressurization corresponds to homogeneous pressure along the spatial pressure variation 

plot. In type III achalasia, there are at least 20% premature contractions, defined as DL <4.5 

s. (Panel C). Note the multiple peaks corresponding to contractions along the spatial 

pressure variation plot. EGJ outflow obstruction may represent achalasia (Panel D); it might 

also be the consequence of a mechanical obstruction (Panel E) such as a distal esophageal 

stenosis.
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Figure 7. 
Hierarchical algorithm for the interpretation of HRM studies with CC v3.0.
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Page 25

Table 1

Pressure topography metrics utilized in the Chicago Classification v3.0. Unless otherwise specified, pressures 

are referenced to atmospheric. Metrics are listed alphabetically.

Pressure Topography Metrics

CDP (time, position)*
Contractile Deceleration Point

Inflection point along the 30 mmHg isobaric contour (or pressure greater than intrabolus pressure in 
instances of compartmentalized pressurization) at which propagation velocity slows, demarcating peristalsis 
from ampullary emptying. The CDP must be localized within 3 cm of the proximal margin of the LES

DCI (mmHg·s·cm)†
Distal Contractile Integral

Amplitude x duration x length (mmHg·s·cm) of the distal esophageal contraction exceeding 20 mmHg from 
the transition zone to the proximal margin of the LES (Clouse, 2nd and 3rd contractile segments) §

DL (s)*
Distal Latency

Interval between UES relaxation and the CDP

IRP (mmHg)†
Integrated Relaxation 
Pressure

Mean of the 4s of maximal deglutitive relaxation in the 10-s window beginning at UES relaxation. 
Contributing times can be contiguous or non-contiguous (eg interrupted by diaphragmatic contraction). 
Referenced to gastric pressure.

CD= crural diaphragm; EGJ= esophagogastric junction; UES= upper esophageal sphincter

*
Normal values are independent of the manometric hardware utilized

†
Normal values are dependent on the specific manometric hardware utilized

§
In instances of suspected hypercontractility involving the LES, or even restricted to the LES, the DCI box should include the LES (Clouse, 4th 

contractile segment) as well
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Page 26

Table 2

Pressure topography baseline EGJ morphology and tone derived from an overview of the study.

EGJ

EGJ morphology Type I: Complete overlap of CD and LES components with single peak on the spatial pressure variation plot

Type II: Double-peaked pressure zone with the inter-peak nadir pressure greater than gastric pressure and a 
separation of 1–2 cm between peaks. This can vary or be present intermittently in which case the 
report should mention the range of observed LES-CD separation

Type IIIa: Double-peaked pressure zone with the inter-peak nadir pressure less than or equal to gastric pressure, 
but the pressure inversion point remains at the CD level. The range of observed LES-CD separation 
is reported

Type IIIb: Double-peaked pressure zone with the inter-peak nadir pressure equal to gastric pressure and the 
pressure inversion point at the LES level. The range of observed LES-CD separation is reported

LES-CD separation The EGJ pressure profile on a spatial pressure variation plot at peak inspiration can be a single or double peak. If a 
single peak, the LES-CD separation is 0; if a double peak, LES-CD separation is the axial distance between peaks

Inspiratory EGJ pressure Average of maximal inspiratory EGJ pressure reached during 3 respiratory cycles, ideally in a quiescent portion of 
recording, free of swallows

Expiratory EGJ pressure Average EGJ pressure midway between adjacent inspirations for 3 respiratory cycles, ideally in a quiescent portion 
of recording, free of swallows
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Page 27

Table 3

Characterization of esophageal contractility. Contraction pattern is not scored for ineffective swallows (DCI 

<450 mmHg·s·cm)

Contraction Vigor

Failed DCI <100 mmHg·s·cm

Weak DCI >100 mmHg·s·cm, but <450 mmHg·s·cm

Ineffective Failed or Weak

Normal DCI >450 mmHg·s·cm but <8,000 mmHg·s·cm

Hypercontractile DCI ≥8,000 mmHg·s·cm

Contraction Pattern

Premature DL <4.5 s

Fragmented Large break (>5 cm length) in the 20-mmHg isobaric contour with DCI >450 mmHg·s·cm

Intact Not achieving the above diagnostic criteria

Intrabolus Pressure Pattern (30 mmHg isobaric contour referenced to atmospheric)

Panesophageal pressurization Uniform pressurization of >30 mmHg extending from the UES to the EGJ

Compartmentalized Pressurization of >30 mmHg extending from the contractile

esophageal pressurization front to the EGJ

EGJ pressurization Pressurization restricted to zone between the LES and CD in conjunction with LES-CD separation

Normal No bolus pressurization >30 mmHg
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Page 28

Table 4

The Chicago Classification of esophageal motility v3.0

ACHALASIA and EGJ OUTFLOW OBSTRUCTION CRITERIA

Type I achalasia (classic achalasia) Elevated median IRP (>15 mmHg†), 100% failed peristalsis

(DCI <100 mmHg)

Premature contractions with DCI values less than 450 mmHg·s·cm satisfy criteria 
for failed peristalsis

Type II achalasia (with esophageal compression) Elevated median IRP (>15 mmHg†), 100% failed peristalsis, panesophageal 
pressurization with ≥20% of swallows

Contractions may be masked by esophageal pressurization and DCI should not be 
calculated

Type III achalasia (spastic achalasia) Elevated median IRP (>15 mmHg†), no normal peristalsis, premature (spastic) 
contractions with DCI >450 mmHg·s·cm with ≥20% of swallows

May be mixed with panesophageal pressurization

EGJ outflow obstruction Elevated median IRP (>15 mmHg†), sufficient evidence of peristalsis such that 
criteria for types I-III achalasia are not met*

MAJOR DISORDERS of PERISTALSIS (Not encountered in normal subjects)

Absent contractility Normal median IRP, 100% failed peristalsis

Achalasia should be considered when IRP values are borderline and when there 
is evidence of esophageal pressurization

Premature contractions with DCI values less than 450 mmHg·s·cm meet criteria 
for failed peristalsis

Distal esophageal spasm Normal median IRP, ≥20% premature contractions with DCI >450 mmHg·s·cm †. 
Some normal peristalsis may be present.

Hypercontractile esophagus (jackhammer) At least two swallows with DCI >8,000 mmHg·s·cm †§

Hypercontractility may involve, or even be localized to, the LES

MINOR DISORDERS OF PERISTALSIS (Characterized by contractile vigor and contraction pattern)

Ineffective esophageal motility (IEM) ≥50% ineffective swallows

Ineffective swallows can be failed or weak (DCI<450 mmHg·s·cm)

Multiple repetitive swallow assessment may be helpful in determining peristaltic 
reserve

Fragmented peristalsis ≥50% fragmented contractions with DCI > 450 mmHg·s·cm

NORMAL ESOPHAGEAL MOTILITY Not fulfilling any of the above classifications

†
Cutoff value dependent on the manometric hardware; this is the cutoff for the Sierra device

*
Potential etiologies: early achalasia, mechanical obstruction, esophageal wall stiffness, or manifestation of hiatal hernia

§
Hypercontractile esophagus can be a manifestation of outflow obstruction as evident by instances in which it occurs in association with an IRP 

greater than the upper limit of normal
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