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Abstract: Achalasia is a rare motility disorder of the esophagus. The diagnosis involves clinical
suspicion based on history details and results of HRM (high-resolution manometry) as recommended
by the Chicago Classification (CCv4.0). Interpreting data obtained through HRM can be complex
especially for the novice user. We propose therefore a color-based algorithm involving the “reversed
RGB (red-green-blue)” rule as a simplified way to establish the diagnosis based on colors obtained
through the HRM pressure sensors. The rule is based on the simple acknowledgment of the dominant
color present in the mid-portion of the HRM figure such that, for type I (classic) achalasia, the blue
color illustrates the minimal pressurization and absent peristalsis. In type II (pan-pressurized)
achalasia, the green color illustrates pan-esophageal pressurization while in type III (spastic)
achalasia, red color illustrates the spastic contractions. This rule provides an intuitive tool for
clinicians dealing with HRMs diagnosing achalasia. Further studies are required to assess the
diagnostic accuracy of this rule, alongside the potential for incorporating such rules into Al (artificial
intelligence)-based models for manometric diagnosis of esophageal motility disorders.
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Introduction

Achalasia is a rare esophageal motility disorder characterised by loss of LES (lower esophageal
sphincter) relaxation and afterwards loss of peristalsis in the distal esophagus. [1] This is theorized
to be related to degeneration of neuronal control through loss of ganglion cells in the esophageal wall.
[2] It is unclear what the trigger for this condition is, however several theories revolving around it
occurring as a post-viral phenomenon related to Herpes simplex virus (HSV), [3] Varicella zoster
virus (VZV), [4] and other viral infections. [5] The exact trigger is however still not exactly elucidated.
[6]

The diagnosis is based on the HRM data as per the Chicago classification version 4.0 (CCv4.0).
[7] This remains the gold standard for diagnosing achalasia with its subtypes, yet the difficulty lies
in the multitude of values that are required to establish the diagnosis which makes it difficult for non-
experts to interpret these values. These values include IRP (integrated relaxation pressure), DL (distal
latency) and distal contractile integral (DCI). [8]

The HRM plots already use color gradients to visualise patterns obtained regarding esophageal
pressure patterns such that the blue color indicates minimal pressure, green color indicates moderate
pressure and red color indicates high pressure generated. [9] In spite of this, and to the best extent of
our knowledge, we are unaware of any standardized rule for rapid achalasia identification based off
the already represented HRM color-coded plots. We hope that the reverse RGB- rule (Blue-Green -
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Red), which is directly associated to colors obtained through HRM plots, would aid clinicians in
easily recognising achalasia. In extension, we hope that this rule will be implemented in Al-assisted
software to help expedite esophageal motility disorder diagnostics.

The “Reverse RGB Rule” for Achalasia

The primary colors, described through the mnemonic RGB (Red — Green — blue), constitute the
basis for all the colors generated when mixed together, with the red color being at the longest
wavelength, green in the middle and blue the shortest wavelength of the three. [10] These colors
constitute the basis for the plots obtained from HRM software, signifying a continuum from low
pressure (blue color) to “mid-pressure” (green) to high pressure (red). Type I achalasia involves the
absence of peristalsis with minimal pressurization, type II achalasia involves pan-esophageal
pressurization while type III achalasia involves the presence of premature contractions with
abnormal, spastic peristaltic waves. [11] The Chicago classification relies heavily on numerical values,
mainly the IRP (integrated relaxation pressure), DL (Distal latency) and DCI (distal contractile
integral). [7] These are, however, quite tedious and therefore HRM interpretation has a steep learning
curve for early-level trainees. [12] In Figure 1, below, we illustrate the typical HRM pattern of each
achalasia subtype alongside the association with the earlier mentioned “reverse RGB” rule.
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Figure 1. the association of the HRM plots with the “reverse RGB”. The “reverse RGB” is named so because it
starts from blue (type I) to green (type II) to red (type III) which are the dominant colors in each figure. Figure
adapted from reference 1 “Mari A. et al, Diagnosis and Management of Achalasia: Updates of the Last Two
Years, 2021”.

We believe that this rule, albeit appearing simplistic, is an effective rule especially given it
already matching the main colors represented in HRMs when diagnosing each achalasia subtype as
illustrated in the above figure. Such visual aids reduce the cognitive load associated with diagnostic
processes in medicine, which is especially relevant in entry-level trainees. [13] In addition, the rule
may aid in serving as a simplified framework for these trainees and enhance education in this area,
especially given the generally poor competency associated with this specific portion of
gastroenterology. [14] Furthermore, the potential for automated pattern recognition of data obtained
from HRMs through Al-assisted software is immense, with the possibility of faster and more accurate
diagnosis on the basis of such pattern recognition regardless of the numerical data obtained through
HRMs. [15]
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In spite of this, there are certain potential limitations to the proposed color-based quick guide.
The main one being the lack of validation, as this is necessary to ensure that the color based approach
conforms well with the HRM data as per the Chicago classification. In addition, there needs to be
multicentre trials to ensure the sensitivity and specificity of this color-based rule for HRM
interpretation, alongside inter-observer reliability. To add more, the potential application across
other diagnoses within the esophageal motility sphere needs consideration.

Conclusion

The Blue-Green -Red Rule offers a simplified visual classification system for achalasia subtypes,
aligning with HRM plot colors for these specific diagnoses. This system may improve clinical
decision-making, trainee education with regards to HRM interpretation, and potentially Al-based
diagnosis. Further validation with multicenter HRM datasets is needed to confirm the rule’s accuracy
and clinical adoption, alongside potential for automated HRM diagnosis.
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