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Abstract

Background Esophageal achalasia can be classified on the

grounds of three distinct manometric patterns that correlate

well with final outcome after laparoscopic Heller-Dor

myotomy (LHM). No analytical data are available, how-

ever, on the postoperative picture and its possible corre-

lation with final outcome. The aims of this study were:

(a) to investigate whether manometric patterns change after

LHM for achalasia; (b) to ascertain whether postoperative

patterns and/or changes can predict final outcome; and

(c) to test the hypothesis that the three known patterns

represent different stages in the evolution of the disease.

Methods During the study period, we prospectively enlis-

ted 206 consecutive achalasia patients who were assessed

using high-resolution manometry (HRM) before undergo-

ing LHM. Symptoms were scored using a detailed ques-

tionnaire. Barium swallow, endoscopy and HRM were

performed, before and again 6 months after surgery.

Results Preoperative HRM revealed the three known pat-

terns with statistically different esophageal diameters

(pattern I having the largest), and patients with pattern I

had the highest symptom scores. The surgical treatment

failed in 10 cases (4.9%). The only predictor of final

outcome was the preoperative manometric pattern

(p = 0.01). All patients with pattern I preoperatively had the

same pattern afterward, whereas nearly 50% of patients with

pattern III before LHM had patterns I or II after surgery.

There were no cases showing the opposite trend.

Conclusions Neither a change of manometric pattern after

surgery nor a patient’s postoperative pattern was a pre-

dictor of final outcome, whereas preoperative pattern

confirmed its prognostic significance. The three mano-

metric patterns distinguishable in achalasia may represent

different stages in the disease’s evolution, pattern III and

pattern I coinciding with the early and final stages of the

disease, respectively.
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Background

Achalasia is a primary esophageal motility disorder of

unclear etiology. It is characterized by the absence of

esophageal peristalsis and a defective relaxation of the

lower esophageal sphincter (LES), resulting in an impaired

bolus transit through the gastroesophageal junction [1, 2].

Achalasia has an incidence of 1.6 cases per 100,000 pop-

ulation a year [3]. Current treatments include surgical or

endoscopic myotomy, pneumatic dilation and botulinum

toxin injection for the purpose of relieving dysphagia by

weakening the functional outflow obstruction, but they are

only palliative measures [4, 5]. Laparoscopic Heller’s

myotomy with a partial fundoplication is the treatment of

choice at present because it achieves a symptom relief that

persists after 5 years in 85 to 95% of patients [6–11].
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In recent years, a classification based on the results of high-

resolution manometry (HRM) has changed the diagnostic

approach to esophageal achalasia. The disease reveals three

distinct patterns: pattern I, achalasia with minimal esophageal

pressurization; pattern II, achalasia with esophageal com-

pression; and pattern III, achalasia with spasm [1, 12]. Our

group and other recent studies have demonstrated that a

patient’s preoperative manometric pattern predicts the out-

come of laparoscopic Heller–Dor myotomy (LHM) and

pneumatic dilation [12, 13]. No analytical data are available

on patients’ postoperative manometric patterns, however, or

on their possible correlation with patients’ final outcomes.

When preoperative assessments and final outcomes are

compared in patients treated for esophageal achalasia, the role

and etiology of pattern III are still unclear [1, 12]. It is also still

not knownwhether the threemanometric patterns identified in

achalasia patients represent three different diseases, or dif-

ferent manifestations (or stages) of the same disease, with the

possibility of transitions from one to another.

The aims of the present study were: a) to investigate

whether achalasia patients’ manometric patterns change

after LHM; b) to examine whether the postoperative

manometric pattern, or a change in manometric pattern

after surgery, can predict a patient’s final outcome; and c)

to test the hypothesis that the three manometric patterns

seen in achalasia represent different phenotypes or differ-

ent stages in the evolution of the same disease.

Materials and methods

The study population consisted of achalasia patients con-

secutively treated with LHM from January 2011 to

December 2015 who underwent HRM both pre- and post-

operatively. Their diagnosis of primary achalasia was

established on the basis of accepted esophageal motility

characteristics (i.e., no peristalsis in the esophageal body

and impaired LES relaxation on swallowing) [1, 4].

Patients who had already been treated for achalasia with

endoscopic or surgical myotomy, pneumatic dilations or

botulinum toxin injections were ruled out.

Patients’ demographic and clinical data, preoperative

assessment, surgical details and postoperative follow-up

were prospectively recorded in a dedicated database.

Since this was an observational study and all the pro-

cedures were routinely performed for the diagnosis and the

follow-up of patients with esophageal achalasia, IRB

approval was not required. The study was approved by the

Research Committee of the Department of Surgical,

Oncological, and Gastroenterological Sciences—Univer-

sity of Padova.

Preoperative assessment

Demographic and clinical data were collected on each

patient using a dedicated questionnaire. The scores for

dysphagia, regurgitation and chest pain were calculated by

combining the severity of each symptom (0 = none,

2 = mild, 4 = moderate, 6 = severe) with its frequency

(0 = never, 1 = occasionally, 2 = once a month,

3 = every week, 4 = twice a week, 5 = daily). The

symptom score was the sum of the dysphagia and regur-

gitation scores, while the chest pain score was considered

separately [14].

All patients had the following preoperative tests:

(Table 1)

• barium swallow X-rays to assess esophageal diameter

and shape;

• endoscopy to rule out esophageal or cardia

malignancies;

• esophageal manometry using the high-resolution tech-

nique; and

• in selected cases, CT scan to exclude malignant disease.

High-resolution manometry (HRM)

Before and after surgery, HRM was performed using a

catheter with 36 solid-state circumferential sensors

spaced at 1-cm intervals and spanning the whole

esophagus (Medtronic, Minneapolis, MN, USA). The

catheter was inserted transnasally, and the study was

conducted with the patient in a supine position. The

study protocol required 10 swallows of 5 ml of saline

water solution, using a standardized electrolyte concen-

tration to ensure proper catheter function, separated by at

least 20-second intervals [15, 16].

The manometric data were analyzed with the Mano-

ViewTM software (Medtronic, USA) [17]. The IRP was

ascertained by adjusting the pressure on the isobaric con-

tour tool to the lowest value at which a cumulative period

of 4 s was excluded on the axial plane of the EGJ within

the relaxation window. This procedure was applied for

each swallow [18].

The pre- and postoperative manometric patterns were

classified according to the Chicago criteria: pattern

I = 100% failed contractions and no esophageal pressur-

ization (Fig. 1); pattern II = panesophageal pressurization

occurring with at least 20% of the swallows (Fig. 2); and

pattern III = traces of preserved distal peristalsis or pre-

mature contractions for at least 20% of the swallows

(Fig. 3) [19].
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Laparoscopic Heller–Dor myotomy technique

The surgical technique has been described in detail

elsewhere [20]. Briefly, only the anterior part of the

esophagus was dissected and a myotomy 6–8 cm long

was performed, extending it 1.5–2 cm on the gastric

side. During the myotomy, a 30-mm Rigiflex balloon

was placed inside the esophageal lumen at cardia level

using an endoscopically positioned guide wire; the

balloon was gently inflated and deflated with 40–60 cc

of air using a syringe. This maneuver afforded a better

exposure of the circular muscle fibers. The procedure

was completed with a Dor anterior partial fundoplica-

tion [6].

Follow-up

Clinical outcome was assessed 1, 6 and 12 months after

LHM and every 2 years thereafter, by means of the same

questionnaire as was administered preoperatively. Treat-

ment failure was defined as a postoperative symptom score

higher than the 10th percentile of the preoperative score for

the group of patients as a whole (i.e.,[8) [6, 21]. Barium

swallow X-rays were obtained 1 month after the myotomy

and in the event of recurrent dysphagia. Endoscopy was

repeated 12 months after surgery and then every 2 years

thereafter, to identify and control any complications (i.e.,

esophagitis) and rule out any neoplastic degeneration.

HRM was performed 6 months after LHM, together with

Fig. 1 Achalasia pattern I.

High-resolution manometric

picture showing no distal

esophageal pressurization.

Impaired LES relaxation is also

evident as a continuous high-

pressure band across the lower

portion of the image

Table 1 Patients’ preoperative

demographic and clinical

findings by achalasia pattern

Pattern I Pattern II Pattern III p value

N� of pts 88 (42.7%) 100 (48.6%) 18 (8.7%) –

Age* 45 (37–55) 49 (38–58) 57 (41–64) 0.06

Sex (m:f) 43:45 55:45 13:5 0.20

Symptom duration (months)* 24 (12–48) 24 (12–48) 15 (5–36) 0.06

Symptom score* 20 (17–20) 17 (12–20) 16 (14–19) 0.01

Chest pain score* 3 (0–8) 3 (0-7) 5 (3–8) 0.28

No of pts with chest pain 51 (58.0%) 53 (53.0%) 14 (77.8%) 0.14

LES basal pressure (mmHg)* 36.5 (27.6–49.0) 43.7 (34.3–52.5) 48.0 (32.0–65.0) 0.03

IRP (mmHg)* 24.8 (19.3–36.0) 32.0 (24.1–39.2) 24.7 (17.2–46.6) 0.10

LES total length (mm)* 30 (24–38) 32 (30–38) 39 (29–50) 0.04

LES abdominal length (mm)* 20 (15–25) 20 (14–26) 18 (13–29) 0.98

Esophageal diameter (mm)* 45 (38–60) 35 (30–40) 25 (25–30) \0.001

Sigmoid-shaped esophagus 9 (10.2%) 0 0 0.001

Data are shown as n (%) or * median (IQR)
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24-hour pH monitoring to assess any abnormal acid

exposure of the distal esophagus. Tracings from patients

with abnormal reflux on computer analysis were carefully

reviewed to distinguish true gastroesophageal reflux epi-

sodes from false reflux due to stasis [22].

Statistical analysis

Continuous data were expressed as median and interquar-

tile range, categorical data as number and percentage.

Continuous data and categorical data were compared

between the three pattern groups using Kruskal–Wallis test

and Fisher test, respectively. Preoperative to postoperative

variations of symptom scores, LES basal pressure and IRP

were evaluated using Wilcoxon test. The association

between failure and patients’ preoperative demographic

and clinical findings was assessed using Mann–Whitney

test and Fisher test. A p value less than 0.05 was considered

significant. Statistical analysis was performed using SAS

9.1 software (SAS Institute Inc., Cary, NC, USA).

Results

Preoperative assessment

The study population consisted of 206 consecutive acha-

lasia patients (111 men, 95 women; median age 48 years,

Fig. 2 Achalasia pattern II.

High-resolution manometric

picture of panesophageal

pressurization, showing

simultaneous isobaric

esophageal pressurization

C30 mmHg

Fig. 3 Achalasia pattern III.

High-resolution manometric

picture of rapidly propagating

pressurization with spastic

contractions. The high-

amplitude contractions of the

distal esophageal body are

evident from the red high-

pressure area of the esophageal

body contraction
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IQR 37–58). Based on their HRM findings, 88 patients

(42.7%) were classified as having pattern I, 100 (48.6%)

had pattern II, and 18 (8.7%) had pattern III. The study

population’s demographic and clinical data are summa-

rized in Table 1. Patients with pattern I achalasia had a

higher mean symptom score than the other two groups.

The three patterns were associated with a statistically

different median esophageal diameter, which was: 45 mm

(IQR 38–60) for pattern I; 35 mm (IQR 30–40) for pattern

II; and 25 mm (IQR 25–30) for pattern III (p\ 0.001). All

patients with a sigmoid-shaped mega-esophagus (radio-

logical grade IV) had pattern 1 achalasia preoperatively.

Patients with pattern III tended to have a shorter history of

symptoms before their achalasia was diagnosed, though

this difference fell short of statistical significance

(p = 0.06); they also had a longer overall LES length than

the other two groups (p = 0.04).

Surgical outcome

The surgical procedure was completed laparoscopically in

all cases. One patient died on postoperative day 1 due to an

acute myocardial infarction. The esophageal mucosa was

perforated during the procedure of two patients and

repaired intraoperatively in both cases. One other mucosal

leak was identified on water-soluble contrast swallows on

the first postoperative day. None of these complications

were associated with persistent or recurrent symptoms after

surgery. The patients involved had pattern I in two cases

and pattern II in one.

After LHM, there was a significant decrease in patients’

symptom scores (median 16 [IQR 9–20] preoperatively vs

median 0 [IQR 0–3] postoperatively; p\ 0.001), LES basal

pressure (median 41 [IQR 31–52.2] preoperatively versus

median 16 [IQR 11–22] postoperatively; p\ 0.001) and

IRP (median 29.1 [IQR 20.8–38.1] preoperatively versus

median 7.7 [IQR: 5.2–11] postoperatively; p\ 0.001).

After a median follow-up of 15 months (IQR 12–24),

the outcome after LHM was still favorable in 195 patients

(95.1%), while 10 patients had a recurrence of their acha-

lasia symptoms. Patients with pattern III achalasia had the

highest incidence of failures (22.2%, 4/18) (p\ 0.01),

while the failure rate was similar for patterns I and II (3 and

3.4%, respectively).

All patients whose surgical treatment failed had one or

more complementary endoscopic pneumatic dilations using

Rigiflex balloons (30 or 35 mm), after which none of them

reported persistent dysphagia.

During the follow-up, 117 patients agreed to undergo

24-hour pH monitoring and 11 of them (9.4%) revealed a

pathological distal esophageal acid exposure. Two of these

patients had pattern I achalasia, seven had pattern II, and

two had pattern III.

On univariate analysis, only the preoperative achalasia

pattern correlated with the final outcome, while postoper-

ative pattern and changes from one pattern to another did

not (Table 2).

Postoperative pattern

HRM after surgery was available for 133 patients: 91 had

pattern I postoperatively, 32 had pattern II, and eight had

pattern III. Two patients showed signs of a partial recovery

of peristalsis (before surgery, they had both had pattern II

achalasia; Fig. 4).

All the patients with pattern I preoperatively had the

same pattern I after LHM, whereas the pattern changed in

28/63 (44.4%) patients with pattern II and 8/16 (50%) with

pattern III: All of the 28 patients with a preoperative pat-

tern II changed to pattern I after surgery; of the eight

patients with a preoperative pattern III, four changed to

pattern I and four to pattern II.

The pre- to postoperative changes in achalasia pattern

are shown in Table 3.

Discussion

The main aim of this study was to ascertain the effect of

surgical myotomy on the manometric pattern in achalasia

patients. LHM significantly improves LES outflow,

reducing the LES basal pressure and IRP (Fig. 4). Our

surgical failure rate was less than 5%, but this low fig-

ure may naturally be due partly to the short follow-up in

this study.

None of the patients with preoperative patterns I or II

developed a pattern III achalasia after surgery, while half

of the patients with pattern III preoperatively changed to

patterns I or II (Tables 2, 3).

This study confirms the findings of a previous publica-

tion of ours (using conventional manometry), i.e., that the

outcome of LHM correlates with the preoperative mano-

metric pattern: Pattern III has a negative prognostic impact.

Judging from the data obtained in the present study, we can

also say that a patient’s postoperative manometric pattern

or a change of pattern after myotomy is not a predictor of

treatment outcome.

Apart from the preoperative manometric pattern, the

reasons for treatment failure in some patients are hard to

identify in the medical literature. Offering various expla-

nations, several articles have suggested that radiological

stage IV, high chest pain scores, low LES resting pressures

and previous endoscopic treatments (according to some

authors, at least) are negative prognostic factors in patients

undergoing surgery for achalasia [6, 23–27]. The most

important cause of surgical failure, however, is probably a
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faulty surgical technique, especially if symptoms persist or

recur soon after the procedure [8]. The risk of some of the

muscle fibers being left uncut or of an excessively short

myotomy on the gastric side of the LES (where the sub-

mucosal plane is more difficult to manage) should certainly

be borne in mind.

The radiological and manometric results emerging from

the present study, and the clinical characteristics of the

patients involved, prompt us to advance the hypothesis that

achalasia could be staged by pattern, where pattern III

coincides with an earlier stage of the disease and pattern I

with more advanced achalasia. Should further studies

support this hypothesis, we might call it the ‘‘Padova the-

ory.’’ In our sample, none of the patients with pattern I or II

preoperatively developed a postoperative pattern III,

whereas the opposite was true of one in two patients ini-

tially presenting with pattern III. In addition, all our pattern

III patients had a clinical history typical of achalasia and a

barium swallow showing grade I–II disease. By cutting the

LES muscle fibers, the myotomy naturally reduced the

outflow obstruction.

It may be that the gullet develops a spastic-like motor

activity in an unsuccessful effort to overcome the LES

barrier, which is reduced or destroyed by myotomy. Once

such a spastic-like activity is no longer needed, the eso-

phageal body may reveal the behavior typical of achalasia,

i.e., aperistalsis, with or without esophageal pressurization.

This is pure speculation, of course, since we have no

experience of patients with a manometric diagnosis of

achalasia being followed up without any form of therapy.

In our knowledge, this was never reported in the literature.

The possibility of a manometric diagnosis changing from

diffuse esophageal spasm to achalasia was reported by

Kramer [28] nearly 50 years ago and confirmed by

Vantrappen [29]. In those days, achalasia was considered a

single entity (the only variant being ‘‘vigorous achalasia’’),

and this modification/evolution may be true also for the

different forms of achalasia.

That pattern I is the most advanced of the three patterns

of achalasia is confirmed by the radiological findings in our

study. The esophageal diameter became gradually larger

from pattern III to patterns II and I, and all patients with a

sigmoid-shaped mega-esophagus (radiological grade IV)

had pattern I preoperatively.

The main weakness in our theory lies in that our patients

had surgical treatment, which modifies the outflow

obstruction, and would therefore influence any change in

their postoperative achalasia pattern, though it is worth

emphasizing that all of our patients had exactly the same

standardized treatment (LHM).

Postoperative manometry 6 months after LHM revealed

a partial recovery of peristalsis in two of our patients. This

issue has always been controversial, however. Some older

studies suggested that peristalsis may return after the

treatment in some cases [30–33]. Parrilla and colleagues

described some degree of peristalsis in the distal esophagus

of 9% of patients and in the mid-esophagus of as many as

24% of patients after surgery, especially among cases with

a more acute onset of dysphagia, a less dilated esophagus

preoperatively and a greater contractility of the esophageal

Table 2 Univariate analysis of

treatment failure predictors
Positive outcome n = 195 Failure n = 10 p value

Age 48 (38–58) 37 (32–55) 0.14

Sex (m:f) 104/91 6/4 0.75

Symptom score* 18 (14–20) 19 (16–20) 0.97

Chest pain score* 3 (0–8) 5 (3–6) 0.62

LES resting pressure (mmHg)* 41.5 (31.3–52.5) 31.6 (23.1–47.0) 0.11

IRP (mmHg)* 30.0 (21.0–38.1) 18.7 (16.4–22.2) 0.16

LES overall length (mm)* 32 (29–39) 26 (21–31) 0.02

LES abdominal length (mm)* 20 (14–26) 16 (13–19) 0.07

Esophageal diameter (mm)* 40 (30–50) 35 (25–40) 0.18

Preoperative pattern

I 84 (96.6%) 3 (3.4%) 0.01

II 97 (97%) 3 (3%)

III 14 (77.8%) 4 (22.2%)

Postoperative pattern

I 87 (95.6%) 4 (4.4%) 0.32

II 29 (90.6%) 3 (9.4%)

III 7 (85.7%) 1 (14.3)

Data are shown as n (%) or * median (IQR)
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body [30]. In a recent study, Roman and co-authors also

described some degree of peristaltic contraction after

myotomy that had not been manometrically evident

beforehand. The frequency of observation of this condition

may reflect particular pathogenetic features (especially in

patients with pattern III achalasia) or the extent to which

the neurodegenerative process has progressed [33]. We

believe that such findings need to be tested by means of

Fig. 4 Recovery of peristalsis.

Pre- and postoperative HRM of

a patient whose peristalsis

recovered after surgery

Table 3 Changing manometric

patterns after laparoscopic

Heller–Dor myotomy

Pattern 1 postop Pattern 2 postop Pattern 3 postop Total

Pattern 1 preop 54 (100%) 0 0 54

Pattern 2 preop* 33 (52.4%) 28 (44.4%) 0 63

Pattern 3 preop 4 (25%) 4 (25%) 8 (50%) 16

Total 91 32 8 131*

* Two patients had a recovery of peristalsis
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further postoperative manometric investigations because

such a partial recovery of peristalsis might be only

temporary.

In conclusion, this was the first study to examine postop-

erative achalasia patterns, how they may change after LHM

and their correlation with final outcome. Neither postopera-

tive pattern nor changes of pattern emerged as predictors of

final outcome in our sample of patients. The different

manometric patterns of achalasia could represent different

stages of evolution of the disease—where pattern III would be

the earlier stage, pattern II an intermediate stage and pattern I

the end stage—rather than different phenotypes of the same

disease or manifestations of different diseases.
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