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Abstract

Background Phenotypes of achalasia are based on esophageal body pressurization during swallow. The reasons that
lead to pressurized waves are still unclear. This study aims to evaluate manometric parameters that may determine
pressurized waves in patients with achalasia.

Methods A total of 100 achalasia high-resolution manometry tests were reviewed. We measured before each
swallow: upper esophageal sphincter (UES) basal pressure, esophageal length, lower esophageal sphincter (LES)
basal pressure, LES length, gastric and thoracic pressure, transdiaphragmatic pressure gradient and the LES retention
pressure (LES basal pressure-TPG); during swallow: UES pressure, UES residual pressure, UES recovery time, LES
relaxation pressure, gastric and thoracic pressure, transdiaphragmatic pressure gradient and after swallow: esophageal
length, LES length, wave pressure, gastric and thoracic pressure and transdiaphragmatic gradient pressure.

Results Univariate analysis showed in pressurized waves before swallow: higher thoracic, UES and LES basal
pressure, longer LES length and decrease in LES retention pressure; during swallow: higher thoracic, gastric and
UES pressure, higher UES and LES relaxation pressure and after swallow: higher thoracic and gastric pressure.
Multivariate analysis in pressurized waves showed as significant before swallow: thoracic and UES basal pressure;
during swallow: thoracic, gastric and UES pressure, UES residual pressure and UES recovery time and after swallow:
thoracic pressure.

Conclusions Basal esophageal pressurization and the UES are independent variables that may be associated with
pressurized waves.
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The Chicago Classification for esophageal motility disor-
ders defined phenotypes of achalasia according to eso-
phageal body contractility and pressurization [1]. Different
studies showed that these phenotypes are of prognostic
value for outcomes [2, 3] and may determine the best
therapeutic approach according to subtypes [4]. Esophageal
body pressurization is not, however, uniform in all swal-
lows in the same individual and the reasons that lead to a
pressurized wave or not are still unclear.
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This study aims to evaluate manometric parameters that
may determine pressurized waves in patients with
achalasia.

Methods

A total of 100 consecutive high-resolution manometry
(HRM) studies in patients with achalasia were reviewed.

Population

We studied 100 consecutive cases of adult patients with
achalasia (51% females, mean age 53.70 + 15.80 years).

Chagas disease esophagopathy was diagnosed in 71
(71%) patients based on positive serologic test for Chagas
disease and/or manifestation of the disease in other target
organs, such as colon or heart, in patients originated from
endemic areas for Chagas disease.

Esophageal dilatation grades were: Grade I (<4 cm) in 4
(4.0%), Grade II (4-7 cm) in 39 (39.0%), Grade III
(7-10 cm) in 16 (16.0%) and Grade IV (>10 cm) in 16
(16.0%). Esophagogram was not available to review in
25.0%.

All patients underwent upper digestive endoscopy to
rule out pseudoachalasia. No patient had hiatal hernia.

Esophageal function test

All patients underwent HRM (Medtronic, Minneapolis,
USA) after fasting for 8 h and discontinuation of medica-
tions that could interfere with esophageal motility. Data of
ten 5 mL water swallows were acquired via the dedicated
commercial software (ManoScan, Medtronic, Minneapolis,
USA). All manometric studies were prospectively
reviewed by two experienced researchers.

Automatic analysis of the manufacturer software
(Manoview, Medtronic, Minneapolis, USA) was used but
manually adjusted to different time intervals or areas
according to necessity.

We recorded manometric parameters before each swal-
low [as defined by the time frame of 2 s immediately
before the beginning of the upper esophageal sphincter
(UES) relaxation], during swallowing [defined by the per-
iod of UES relaxation] and after each swallow [as defined
by the time frame of 4 s immediately after UES
relaxation].

Parameters before each swallow were: UES basal pres-
sure, esophageal length (calculated from the lower border
of the UES to the upper border of the LES), lower eso-
phageal sphincter (LES) basal pressure, LES length, gastric
and thoracic pressure, transdiaphragmatic pressure gradient
(TPG) (thoracic—gastric pressure) and the LES retention

pressure (LES basal pressure-TPG) according to the pre-
vious methodology [5].

Parameters during swallow were: UES nadir residual
pressure, UES recovery time, UES post-relaxation con-
traction maximum pressure, LES integrated relaxation
pressure (IRP), gastric and thoracic pressure and transdi-
aphragmatic pressure gradient.

Parameters after swallow were: esophageal length, LES
length, wave pressure, gastric and thoracic pressure and
transdiaphragmatic pressure gradient.

The threshold of 30 mmHg was used to classify indi-
vidual waves as pressurized or not pressurized.

Statistical analysis

Shapiro—Wilk test was used to assess normal distribution of
data. All variables had a non-normal distribution. Variables
are expressed as median (interquartile range). Mann—
Whitney and logistic regression with binary response
variable tests were used for univariate and multivariate
analysis, respectively. p < 0.05 was considered significant.
Statistical analyses were performed using the R software
version 3.6.1.

Ethics

The study protocol was approved by local Ethics Com-
mittee (CAAE 00493518.7.0000.5505). Informed consent
was waived due to the retrospective nature of the study.
There is no conflict of interest. All authors contributed
sufficiently to be named as authors and are responsible for
the manuscript. No professional or ghost writer was hired.

Results

There were 70 (70%) achalasia type I and 30 (30%) type 11
patients. There was no type IIl. Waves were pressurized in
164 (16.4%) swallows and non-pressurized in 836 (83.6%)
swallows (Fig. 1). Manometric parameters for pressurized
versus non-pressurized waves are depicted in Table 1.
Univariate analysis showed that pressurized waves had
before swallow: higher thoracic, UES and LES basal
pressure, longer LES length and decrease in LES retention
pressure. Pressurized waves had during swallow: higher
thoracic, gastric and UES pressure, higher UES and LES
relaxation pressure. Pressurized waves had after swallow:
higher thoracic and gastric pressure. Intragroup analysis
showed that thoracic pressure after swallow is higher
compared to before swallow (p = 0.005) and there is no
difference in gastric pressure (p = 0.373). For non-pres-
surized waves, thoracic pressure was higher after swallow
compared to basal thoracic pressure (p < 0.001) and
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esophageal pressure before swallow (higher in pressurized waves)

Fig. 1 Examples of non-pressurized (a) and pressurized waves (b) in patients with achalasia. Arrows show marked difference in upper

(b)

gastric pressure was lower than basal gastric pressure
(» = 0.01).

Multivariate analysis is shown in Table 2. Independent
variables found in pressurized waves before swallow were:
thoracic and UES basal pressure; during swallow: thoracic,
gastric and UES pressure, UES residual pressure and UES
recovery time; and after swallow: thoracic pressure.

Discussion

The results of our study show that pressurized waves in
patients with achalasia occur in the setting of a compart-
mentalized esophagus with increased basal pressure and
hypertonic sphincters that relax poorly to keep a higher
thoracic pressure. Multivariate analysis, however, showed
that the basal esophageal pressurization and the UES are
the independent variables associated with pressurized
waves.

UES and wave pressurization

Achalasia affects the innervation of digestive smooth
muscles. The UES is thus theoretically spared in this

@ Springer

disease, and studies focusing on the UES in patients with
achalasia were scarce until recently. Also, HRM surpassed
some technical limitations of conventional manometry that
did not allow an adequate evaluation of the UES and
allowed the distinction of achalasia in subtypes. UES has a
variable length of 3-4 cm at manometry, and during
swallows, it moves upward of 1 to 1.5 cm: this means that
sensors may drop in the esophagus during swallows and not
record a relaxation but the intra-esophageal pressure. HRM
compensates for this movement artifact since UES excur-
sion is easily noticed and relaxation measured at the
appropriate point as multiple sensors are available. More-
over, the pressures generated in the UOS are asymmetric,
with the anterior—posterior pressures 60% to 70% higher
than lateral pressures. HRM also compensates this fact
using an average per sensor of 12 circumferential subsen-
sors in the catheter in each centimeter.

We previously described that patients with achalasia
have impaired UES relaxation that we described as a pro-
tective mechanism against aspiration in these patients [6].
This was even more noticeable in patients with achalasia
type II. In fact, other studies supported the same finding
[7-11]. The results of the current study show that the UES
may also participate in the genesis of pressurized waves.
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Table 1 Manometric parameters in patients with achalasia comparing pressurized waves and not pressurized waves
Parameters Pressurized Non-pressurized p
Before swallow
UES basal pressure (mmHg) 103.85 64.10 <0.001
[71.02-144.67] [41.80-86.60]
Thoracic pressure (mmHg) 7.70 2.20 <0.001
[0.10-16.60] [— 3.00-8.90]
Esophageal length (cm) 22.50 22.40 0.9
[20.80-23.65] [20.0-22.70]
LES basal pressure (mmHg) 24.90 17.10 0.001
[12.3-39.6] [9.07-30.50]
LES length (cm) 2.50 2.40 0.03
[2.20-2.80] [2.10-2.70]
Gastric pressure (mmHg) 2.10 1.50 0.4
[0.90-4.80] [0.50-3.80]
Transdiaphragmatic pressure gradient (mmHg) 6.20 0.30 <0.001
[— 1.20-15.30] [— 5.20-6.20]
LES retention pressure (mmHg) 8.75 12.9 0.007
[0.32-23.50] [3.80-27.20]
During swallow
UES post-relaxation contraction pressure (mmHg) 179.25 148.50 <0.001
[141.17-245.90] [98.15-207.10]
UES residual pressure (mmHg) 12.45 6.40 <0.001
[6.97-20.22] [2.70-9.70]
UES recovery time (cs) 60 60 <0.001
[50-70] [50-70]
Thoracic pressure (mmHg) 5.50 1.60 <0.001
[— 0.50-14.00] [—2.9-7.5]
LES relaxation pressure (mmHg) 25.80 13.40 <0.001
[10.90-39.10] [6.40-28.20]
Gastric pressure (mmHg) 2.40 1.40 <0.001
[1.00-4.90] [0.40-3.50]
Transdiaphragmatic pressure gradient (mmHg) 3.75 —0.10 <0.001
[— 3.00-12.20] [— 4.50-4.80]
After swallow
Thoracic pressure (mmHg) 13.65 3.40 <0.001
[2.77-24.57] [— 0.20-9.62]
Esophageal length (cm) 21.10 20.50 0.1
[18.95-23.10] [18.4-22.30]
LES length (cm) 2.50 2.40 0.1
[2.10-2.80] [2.10-2.70]
Gastric pressure (mmHg) 1.80 1.20 <0.001
[0.70-4.22] [0.40-3.20]
Wave pressure (mmHg) 38.10 12.90 <0.001
[33.10-46.85] [2.70-20.30]
Transdiaphragmatic pressure gradient (mmHg) 12.40 1.50 <0.001
[0.70-24.05] [— 1.80-7.52]

Values as median and interquartile ranges
UES upper esophageal sphincter
LES lower esophageal sphincter

Bold values indicate statistically significant (p < 0.05)
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Table 2 Manometric parameters in patients with achalasia and pressurized waves under logistic regression analysis

Parameters Marginal effect (Standard deviation) 4
Before swallow
UES basal pressure (mmHg) 0.09 £ — 0.01 <0.05
Thoracic pressure (mmHg) 0.08 £ 0.02 <0.05
Esophageal length (cm) 0.04 £ 0.04 0.3
LES basal pressure (mmHg) — 0.01 £ 0.02 0.5
During swallow
UES post-relaxation contraction pressure (mmHg) 0.03 £ 0.01 0.02
UES residual pressure (mmHg) 0.08 £ 0.01 <0.05
UES recovery time (cs) 0.04 £+ 0.01 0.008
Thoracic pressure (mmHg) 0.01 £ 0.02 <0.001
LES integrated relaxation pressure (mmHg) 0.04 + 0.01 0.4
Gastric pressure (mmHg) 0.04 £+ 0.01 0.001
After swallow
Thoracic pressure (mmHg) 0.13 £ 0.02 <0.05
Gastric pressure (mmHg) — 0.00 £ 0.01 0.9

UES upper esophageal sphincter
LES lower esophageal sphincter
Bold values indicate statistically significant (p < 0.05)

UES basal pressure is hypertonic to sustain the higher
thoracic pressure, and an effortful swallow with decreased
relaxation increases even more the esophageal pressure.
These unconscious reflexes may help to force the food into
the stomach overcoming the non-functional barrier at the
esophagogastric junction. Interestingly, UES residual
pressure is reduced after endoscopic treatment for achalasia
[8, 12, 13] proving that it is a reversible physiologic reflex
and it seems to predict therapy outcomes [14, 15].

Esophageal body and wave pressurization

Pressurized waves after swallow in achalasia (previously
known as simultaneous waves at the conventional
manometry era) have been credited to muscular contraction
associated with esophageal shortening [16]. We believe,
for different reasons, that this pressurization is not caused
by muscular contraction: (1) pressures are the same along
the whole extension of the wave. Muscles are not able to
contract with such precision; moreover, the transition
zone—an area quiescent of contractions—is absent. These
facts bear a resemblance to communicating vessel principle
that may be applied to an esophagus replenish with fluids;
and (2) the esophagus is denervated. The lack of innerva-
tion may promote tertiary spontaneous contractions; waves
coordinated with deglutition are not feasible. Furthermore,
even though idiopathic achalasia may conserve excitatory
neurons allowing spastic contractions (achalasia type III),
Chagasic achalasia does not [17] and spastic contractions
are not seemed in this disease [18], but pressurized waves

@ Springer

are present even though. (3) No manometric shortening of
the esophagus was found in our study.

Pressurized waves occur in the setting of a higher tho-
racic pressure that progresses in intensity from before
swallow to after swallow. This may suggest an increased
retention of fluid inside the esophagus with the offered
water to perform the test. Migration from one status to
other (pressurized to non-pressurized or vice versa) as seen
in type II patients may occur due to increased luminal
content due to the offered water or sudden decrease caused
by esophageal emptying when the pressure of the liquid
column exceeds the LES retention pressure. Since this is
dynamic, the comparison of the first and last swallow
would not provide useful information.

Transdiaphragmatic pressure gradient and wave
pressurization

TPG has been studied at light of HRM to the diagnosis of
gastroesophageal reflux disease in some comorbidities
which has demonstrated that it may surmount the esopha-
gogastric barrier represented by LES and diaphragm
[5, 19, 20]. However, to the best of our knowledge, no
previous reports have dealt TGP as relevant play role in the
mechanism of esophageal pressurization in achalasia.

Our results show that pressurized waves have a higher
TGP in all studied moments (before, during and after
swallows). Before swallows, TGP is higher thanks to an
elevated basal thoracic pressure that may occur by eso-
phageal liquid replenishment according to our theory.



World J Surg (2020) 44:1932-1938

1937

Furthermore, thoracic pressure presents significant ascen-
sion after swallow of water comparing with non-pressur-
ized waves, reinforcing the liquid accumulation, as well as
highlighting thoracic pressure as an important component
to trespass the esophagogastric hurdle in achalasia patients.

Abdominal pressure raises during swallow in pressur-
ized group. Notwithstanding achalasia patients can develop
maneuvers to facilitate the passage of the bolus involving
some grade of physical effort like to Valsalva maneuver
which is known to increase intrathoracic and abdominal
pressure by forcing expiratory effort against a closed glottis
[21]. Thus, the higher gastric pressure seems to be intrin-
sically linked to effort made for the patient to swallow,
contracting reflexively the abdominal wall.

LES and wave pressurization

LES is hypertonic in less than half of the patients with
achalasia [22]. Even a hypotonic LES may be an obstacle
to esophageal emptying if relaxation is impaired (one
cannot pass through a door unless it is opened irrespective
of whether it is ajar, closed or locked). Although our uni-
variate analysis showed higher LES mean basal and IRP
pressure in pressurized waves, logistic regression did not
show LES manometric parameters as independent factors
for pressurized waves. This may explain why basal LES
pressure is not a predictor for surgical outcomes [22].

Study limitations, strengths and comparison
to similar studies

Our study has some limitations. First, this is a retrospective
study with the intrinsic limitations of this type of study
even though all manometric studies were prospectively
reviewed; as such, data as body mass index and waist
circumference that may influence pressures were not
available. Second, our clinical conclusions are based on
manometric parameters but they are speculative. Third, the
majority of patients had Chagas disease as the etiology for
achalasia, although it is known that idiopathic achalasia
and Chagasic achalasia seem to share more similarities
than dissimilarities [17]. Chagas disease, however, is
characterized by a total absence of excitatory and inhibi-
tory neurons along the esophagus [17]. It is possible that
this could explain the absence of shortening of the esoph-
agus after swallowing. However, pressurized waves did
occur in the absence of esophageal shortening, showing
that it may not be necessary for the pressurization to hap-
pen. Forth, these patients have a decreased esophageal
clearance. It is elusive if the esophagus was free of food
residues after 8 h of fasting.

We theorized that esophageal liquid replenishment is
causative for wave pressurization; however, we did not

study this fact directly. Future studies with concomitant
esophagram and manometry may elucidate this theory.

Clinical implications of the findings

We showed that the UES plays an important role in the
genesis of pressurized waves (with denoted interaction with
thoracic pressure allowing the pressurization and promot-
ing esophageal emptying) and that the pressurization may
be beneficial to promote esophageal emptying. It is
uncertain if UES motility pattern (as well as the ascension
of thoracic pressure) found in this study can be consciously
learned and oral rehabilitation may provide better out-
comes in patients with achalasia. It is interesting; however,
to note that in patients with type II that manifested both
types of waves (pressurized or not), there is a change in the
UES pattern, probably related to unconscious swallowing
maneuvers or effort.

Conclusions

We theorize that pressurized waves in patients with acha-
lasia are not caused due to muscular contraction but caused
by the lack of relaxation of the UES combined with
increased thoracic pressure probably by reason of esopha-
geal liquid replenishment. This theory must be confirmed
by further studies since esophageal fluid volume was not
actually measured.
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