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1. INTRODUCTION  

 

Achalasia is the most common primary oesophageal motility disorder, characterized by 

abnormalities of oesophageal peristalsis and abnormal relaxation of the lower oesophageal 

sphincter. Achalasia is a rare disease (0,5/100 000 inhabitants in France) (1) that can affect all 

ages and severely impact the patient’s quality of life.  

High resolution oesophageal manometry (HREM) is the gold standard for the diagnosis of 

achalasia (2) It allows to differentiate 3 subtypes according to the Chicago classification (3). 

The pathophysiology of achalasia remains poorly understood. Damage to the enteric nervous 

system (ENS) and the oesophageal epithelial barrier, which constitute a true anatomical and 

functional unit also called the neuronal–glio–epithelial unit (NGEU)(4), probably plays a major 

role in the development of the disease. While oesophageal muscle is also involved in this 

pathology, data are scarce to evaluate the real pathophysiological mechanisms since it remains 

difficult to obtain muscular samples at early stages of the disease (5). The etiological factors 

possibly involved are viruses (Herpes Simplex Virus)(6–8), a dysimmune condition with 

antineuronal antibodies (9,10), activated eosinophils (11), hormones (12) or a genetic 

background (13).  

Histological analysis of the oesophageal muscle in achalasia was previously limited to 

the lower oesophageal sphincter, accessible during Heller myotomies or esophagectomy 

(5,14,15). Routine endoscopy did not allow analysis of the oesophageal muscle, but only of the 

muscularis mucosae and submucosa. Per-oral endoscopic myotomy (POEM) is the most recent 

treatment for achalasia (16). It consists in making a mucosal incision, creating a tunnel by 

submucosal dissection, performing an incision of the inner circular muscular layer, and closing 

the mucosal entry. 

Since the advent of POEM, the muscularis has become accessible for biopsy after 

creation of the submucosal tunnel. Several studies have shown that it was possible to biopsy 

several components of the oesophageal wall during this procedure (8,17,18), without 

intraoperative and postoperative complications.  

Our main hypothesis is that the analysis of oesophageal mucosal and muscle biopsies, 

obtained safely during POEM in naïve-treatment patients with achalasia, would allow us to 

better characterise the achalasia pathophysiology, by analysing remodelling of the oesophageal 

mucosa and muscular tissue. These abnormalities could eventually constitute new therapeutic 
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targets and improve the stratification of patients according to the type of achalasia and their 

response to treatment.  

Although POEM treatment is effective (19), it consists of a myotomy in a functional 

disease. We know that some patients, although improved after the procedure, will develop 

atypical symptoms. Our second objective will to explore the life quality of the patients after the 

intervention.  

Therefore, the aim of this study was to prove the feasibility and safety of oesophageal 

muscular and mucosal biopsy during POEM in achalasia patients, to evaluate the efficacy of 

the treatment, and to report the quality of life the patients after the procedure.   

 

 

2. METHODS 

1. Patients  
 

ACHALAGLIE is a monocentric (Nantes University Hospital) prospective, uncontrolled, 

non-randomised study. Patients were enrolled from November 2019 to November 2021. The 

trial protocol was approved by an independent ethics committee (Comité de Protection des 

Personnes). Written informed consent was obtained from all patients. 

Inclusion criteria were as follows: proven achalasia by standard HREM (according to 

Chicago Classification), age ≥ 18 years old. All the patients included had to be naïve of either 

surgical or endoscopic treatment. Pregnancy and curative anticoagulation were considered as 

exclusion criteria. Inclusion was done the day of the POEM (V1). All complications and adverse 

events were reported.  

Eckardt score, manometry and clinical information, nutritional and SF-36 questionnaires 

were assessed at the pre-inclusion consultation (within 1 day to 4 months before the procedure).  

SF36-questionnaires were then assessed at V3 (between 9 and 12 months post-POEM). Eckardt 

score were assessed after at least 1 year of follow-up. 

 

2. Outcomes  
 

Our primary outcome was to demonstrate that the study of the oesophageal muscle is 

feasible from oesophageal mucosal and muscular biopsies taken by an endoscopic paediatric 
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forceps during POEM in treatment-naive patients with achalasia, defined by the percentage of 

biopsy with an effective histological study. 

The secondary endpoints were as follows:  

- Evaluate the safety of the procedure, assessed on the following criteria: per and post 

procedure-related adverse events (bleeding, haematoma, perforation, infection). Adverse events 

were graded according to the American Society for Gastrointestinal Endoscopy lexicon(20). 

The length of hospital stay was also collected. 

- Evaluate the safety of the biopsies, defined by the complications potentially attributable to the 

biopsies. For the complication to be imputable to the biopsies, it was necessary to certify that 

the location corresponded to the area of interest (e.g., a haematoma opposite the tunnel closure 

cannot be attributed to the biopsies).  

- Evaluate the feasibility of the procedure, assessed on the following criteria: procedure failure, 

length of myotomy, number of clips used to close the tunnel and procedure duration. A 

procedure was considered complete if the myotomy and tunnel closure could be performed. A 

POEM was considered a failure if the procedure was not completed entirely.  

- The efficacy of the treatment, defined by an Eckardt score ≤ 3 (21) (Annex 1) after at least 

one year of follow-up. A POEM was considered as a clinical failure if the Eckard score was ≥ 

3 at 1 year or if a new procedure was required. 

- Improvement in quality of life after the procedure, according to the SF36 questionnaire 

(Annex 2) between 9 and 12 months after treatment (V3).  

- Histological analysis of the biopsies was also reported.  

 

3. POEM and biopsy procedure 

  
All POEM procedures were performed at the University Hospital of Nantes from November 

2019 to November 2021. A high definition gastroscope (EG760Z, Fujifilm, Japan) mounted 

with an Endoscopic submucosal dissection (ESD) cap on the distal tip was used for all 

procedures. Patients were anesthetized using propofol, intubated and CO2 was used for 

endoscopic insufflation. A submucosal injection was then created using a mix of saline and 

indigo carmine solution between 30 and 35cm of the dental arches. A transverse mucosal 

incision was performed using a second generation ESD knife allowing re-injection (Flushknife 

BT 2 mm, Fujifilm, Japan), and an electrosurgical generator (ERBE, Tübingen, Germany). The 



 

 

 

11 

 

gastroscope was then introduced into the submucosal space and submucosal tunnelling was 

performed. The tunnel was extended across the lower oesophageal sphincter (LES) and into the 

gastric cardia. Both circular and longitudinal muscular layers were cut to provide a 10-12 cm 

long full thickness myotomy using the same ESD knife. Coagrasper Hemostatic Forceps were 

used in case of haemorrhage. Closure of the mucosal incision was achieved using haemostatic 

clips (Olympus, Japan).  

Biopsies were taken in an area not macroscopically injured by the procedure using a 

paediatric forceps.  

- Three biopsies of the oesophageal mucosa were taken 3 to 6 cm above, and three at the 

level of the cardia, contralateral to the POEM. For each localisation, two were placed in 

a dry tube and immediately put in nitrogen, one was placed in formalin and sent to the 

anatomopathological department to be included in a paraffin block.   

- After the submucosal dissection, four biopsies were taken 3 to 6 cm above, and four at 

the level of the cardia. For each localisation, three were placed in a dry tube and 

immediately put in nitrogen, one was placed in formalin and sent to the 

anatomopathological department to be included in a paraffin block. 

- Another muscular biopsy was taken for each patient for full-field optical coherence 

tomography (FFOCT) analysis.  

A water-soluble oesophagram was obtained the day following the procedure before 

initiating liquid and soft diet. Patients were discharged home on day 2 or 3 if they were able to 

tolerate soft diet without significant pain.  Procedural data collected included American Society 

of Anaesthesiology Physical Status Classification System (ASA) score of the patient (22), date 

of procedure, full procedure, length of myotomy, number of clips used to close the tunnel, 

procedure-related adverse events, and procedure duration. Antibiotic prophylaxis was 

performed by the anesthesiologist at the time of induction before each procedure.  

It should be noted that the biopsies not sent to the anatomopathology department were sent 

to the research laboratory (Inserm U 1235) for the analysis of NGEU, which will be the subject 

of further studies that we will not detail in this work. 
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4. Statistical analysis:  
 

Data were collected prospectively and studied retrospectively.   

Quantitative variables were presented as the mean, median, percentile (interquartile range: 25% 

and 75%). Categorical variables were presented as percentages associated with each response 

modality.  

The follow-up of patients in terms of quality of life and Eckardt scores has been analysed 

using Wilcoxon signed rank tests. 

 

 

3. RESULTS 

1. Population study:  
 

At baseline, 28 patients were included instead of the 30 initially planned. The baseline 

characteristics of these 28 patients are listed in Table 1. The most frequent indication for POEM 

was type II achalasia (75%). 4 patients had auto-immune diseases: 2 (7%) had asthma, 1 (4%) 

had psoriasis, 1 (4%) had scleroderma. 2 patients (7%) had a history of breast cancer, 1 patient 

was considered in remission. The most predominant symptom at diagnosis was dysphagia 

(86%). The median age at the time of POEM was 62 years old (IQR 25-75: 43-66). The median 

Eckardt score before POEM was 8 (IQR 6-9). The median weight loss since the onset of 

symptoms was 9 kg (IQR 25-75: 0.5-12). All patients had high-resolution manometry. Seven 

(25%) patients were on proton pump inhibitors (PPIs). 
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 Table I: Patients characteristics at baseline 

Colonne1+H30G125:G30 Colonne2 N (%) median [IQR 25-75] 

Gender Male 14 (50)  
  Female 14 (50)   

Weight at diagnosis (kg)     66,5 (58-76) 

Height (cm)     168 (160-174) 

BMI (kg/cm²)     23 (20-26,5) 

Initial weight loss since onset 

of symptoms (kg)     9 (0,5-12) 

Time since onset of symptoms 

(years) 

Data missing for 6 patients     12 (5,25-67,5) 

Autoimmune disease Total 4 (15)   

  Psoriasis 1 (4)  
  Scleroderma 1 (4)   

  Asthma 2 (7)  
Neoplasia Breast cancer 2 (7)   

Dominant symptom at the 

diagnosis 
Dysphagia 24 (86) 

  

  Regurgitation 3 (11)  
  Chest pain 1 (4)  
Eckardt score at diagnostis     8 (6-9) 

Age at diagnosis (years)     60 (42-66) 

Age at POEM (years)     62 (43-66) 

Achalasia subtype Type I 5 (18)  
  Type II 21 (75)  
  Type III 0  

 Unclassified 2 (7)  
Time between diagnosis and 

POEM (months)     8 (4-13) 

PPI therapy before POEM   7 (25)   

Preoperative LES pressure 

(mmHg)     27,6 (19,8-34,7) 

 

 

 

2. POEM descriptive data 
 

All data are detailed in Table 2. The median procedure time was 59.5 minutes. The median 

length of the myotomy was 10 cm and the median number of clips used was 6. Four patients 

could not be refed the day after the operation, either because of complications or because of 

abnormalities on the esophagram. 
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  Table 2: POEM characteristics  

. N (%) median [IQR 25-75] 

ASA score     

I 7 (25)   

II 19 (68)   

III 2 (7)   

IV 0   

Procedure duration 

(min)   59,5 (50-65,5) 

Length of myotomy 

(cm) data missing for 1 

patient   10 (10-10) 

Number of clips used   6 (5-6) 

J1 post-POEM 

Refeeding 24 (86)   

POEM Failure 3 (11)   

Length of 

hospitalisation stay  1 (1-1) 
 

 

3. Feasibility, safety and efficacy 
 

Performing biopsies was possible in all patients. Biopsy analysis was possible in 97% 

(109/112) of cases. Three biopsies (one of the oesophageal body mucosae, one of the cardial 

mucosae and one of the oesophageal body muscle) could not be analysed due to insufficient 

material.  

The procedure could be performed in 100% of cases. Concerning procedure safety, 

adverse events are depicted in Table 3. A total of 9 patients (32%) had per or post-procedures 

adverse events. The most common was mild bleeding per procedure (14%), requiring 

haemostasis by Coagrasper. One severe adverse event occurred: it was a release of the clips 

closing the submucosal tunnel, requiring a covered endoscopic prosthesis for closure. The 

patient did not require intensive care unit (ICU) hospitalisation but was hospitalised for 18 days. 

The median of hospital stay was 1 day (IQR 1-1).  

Regarding biopsy safety, all adverse effects were related to the procedure itself rather 

than to the biopsies.  

 

Eckardt score data for 24/28 (86%) patients were disponible 1 year after POEM (1 

patient lost to follow-up, 3 patients did not reach 1 year of follow-up). The mean Eckardt score 
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(Fig 1) before POEM was 7.9 and 1.875 1 year after POEM (p = 0.000021, data collected 

between 14-23 months post-procedure). The evolution of the different score items is visible in 

Fig 2. Out of 24 patients, 3 had an Eckardt score > 3 (including the patient who needed another 

POEM), and 1 patient required endoscopic balloon dilatation, which translates into a POEM 

effectiveness of 83.3% (20/24) after more than one year of follow-up.  

We had 4 clinical failure in this study (14%): one patient required another POEM 6 

months after the first procedure due to the recurrence of dysphagia, and another required 2 

pneumatic balloon dilatations at 1 and 6 months after POEM. Another patient needed pneumatic 

balloon dilatation after 19 months after the first procedure.  

Data from SF36 questionnaires are shown in the Fig. 3. We found a significative 

difference between various items at V0 and V3: Physical functioning (PF), Bodily Pain (BP), 

General Health (GH), Vitality (VT), Social Functioning (SF), and Mental Component Score 

(MCS). We found a decreasing but not significant tendency for the following items : Role 

Physical (RP), Mental Health (MH), Role Emotional (ER), and Physical Component Score 

(PCS).  

 

Table 3: adverse events of POEM according to the  

lexicon for endoscopic adverse events 

Total adverse events 9 (32%) 

Severe adverse events  1 (4%) 

No closure of the sub mucosal tunnel 

requiring endoscopic prosthesis and 

hospital stay > 10 days 

1 (4%) 

Moderate adverse events  0 

Mild adverse events 8 (30%) 

Cardial mucosal breach, clips used  1 (4%) 

Post-procedural pain 1 (4%) 

Fever post-procedure, medical treatment 

only 
1 (4%) 

Gastric fluid inhalation per procedure, 

medical treatment only 
1 (4%) 

Mild bleeding per procedure, requiring 

coagrasper 
4 (14%) 
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4. Biopsies analysis  
 

Mucosal biopsy analysis was normal in 41% of cases for the oesophageal body, and 37% 

for the cardial mucosa. A lymphocytic infiltrate was visible in 30% of cases for the oesophageal 

body, and 41% of cases for cardial mucosa. For the oesophageal body, surface parakeratosis 

was found in 33%, basal layer hyperplasia in 37%, epithelial wave (Pinstripe pattern) in 19%, 

and papillary elongation in 11% of cases. For the cardial mucosae, surface parakeratosis was 

found in 30%, basal layer hyperplasia in 44%, epithelial wave in 19%, and papillary elongation 

in 11% of cases. Eosinophils were seen in only 1 patient (4%).  

Fibrosis was found in 15% of mucosal locations, and in 33% of muscular biopsies of the 

oesophageal body, and 32% of biopsies of the LES. No eosinophil infiltrate was visible in the 

muscular biopsies. Cajal cells were visible in 15% of the muscular biopsies of the oesophageal 

body, and 25% of biopsies of the cardial muscle. Most muscular biopsies (56% for the 

oesophageal body, 43% for the LES) showed no abnormalities. 

Anatomopathological results are listed in Table 4.  
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Figure 3. Comparison of means SF36 scores at V0 and V3

V0 V3

p = 0,038 p = 0,283 p = 0,0125 p = 0,304 p = 0,165p = 0,0437 p = 0,0041 p = 0,023 p = 0,151 p = 0,0053

Analyses performed on the SF36 scores of 18 patients (10 questionnaires could not be recovered). 

PF : physical functioning, RP : Role physical, BP : bodily pain, GH : general health, VT : vitality, SF : social 

functioning, ER : emotional role, MH : mental health, PCS : Physical component score, MCS : mental component 

score.  
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Table 4: Histological analysis of biopsies according to location: 

Colonne1 

Mucosal 

biopsies of the 

oesophagus 

body (N=27) 

(%) 

Biopsies of the 

cardial mucosa 

(N=27) (%) 

Muscular 

biopsies of the 

body of the 

oesophagus 

(N=27) (%) 

Biopsies of the 

cardial muscle 

(N=28) (%) 

No abnormality 11 (41) 10 (37) 15 (56) 12 (43) 

Intraepithelial 

lymphocytosis 8 (30) 11 (41) 0 2 (7) 

Neutrophilic 

infiltrate 1 (4) 2 (7) 1 (4) 1 (4) 

Eosinophilic 

infiltrate 1 (4) 1 (4) 0 0 

Mast cells infiltrate 0 0 0 3 (11) 

Fibrosis 4 (15) 4 (15) 9 (33) 9 (32) 

Spongiosis 4 (15) 3 (11)     

Surface parakeratosis 9 (33) 8 (30)     

Papillary elongation 3 (11) 3(11)     

Basal layer 

hyperplasia 9 (33) 12 (44)     

Epithelial wave 5 (19) 5 (19)     

Vacuolization     3 (11) 5 (18) 

Muscular cells 

atrophy     2 (7) 4 (14) 

Visible Cajal cells     4 (15) 7 (25) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Img 1. Mucosal infiltration of lymphocytes and 

eosinophilic polynuclear cells (circle) from one 

patient with achalasia who underwent peroral 

endoscopic myotomy (H&E stain). 

Img 2. Mucosal changes related to achalasia, with 

fibrosis of the chorion (up arrows) and basal layer 

hyperplasia (H&E stain).  
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Img 3. Histologic findings in muscular biopsy of 

the oesophagus: visible Cajal cells (left arrows) 

(immunohistochemistry: c-Kit/CD117 antibodies) 
 

Img 4. Histologic findings in muscular biopsy of 

the oesophagus: Interstitial fibrosis and visible 

myenteric nerve (up and down arrows) (H&E 

stain).  
 

Img 5. Mucosal changes related to achalasia, with 

papillary elongation (left arrows), basal layer 

hyperplasia (down arrows) and surface parakeratosis 

(circle) (H&E stain).  
 

Img 6. Histologic findings in muscular biopsy of 

the oesophagus: Interstitial fibrosis compatible with 

achalasia (H&E stain).  
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4. DISCUSSION 

 

In our study, we showed that it was possible to perform many muscle biopsies (9 per patient) 

without a significant increase in the risk of the procedure. Only one severe complication was 

reported, requiring endoscopic management and prolonged hospitalisation. However, the link 

between this complication and the performance of the biopsy was not established, as the episode 

appeared to be secondary to a release of the clips closing the submucosal tunnel. The other 

complications, such as mild bleeding, also seem to be related to the procedure itself rather than 

the biopsies. This low rate of complications is consistent with what has been recently described 

in the literature (23). It shows that muscular biopsies are a simple procedure that can be 

performed routinely if the endoscopist considers it necessary. 

The amount of muscle tissue taken with a paediatric forceps was sufficient in 98% (27/28) 

of cases. The remaining collected tissue will be used to investigate neuronal connectivity (Tuj 

Synpasin 1) and neuronal phenotype (nNOS/Chat), glial reactivity (GFAP S100b), and 

inflammation (TNFα). Furthermore, 1 muscle biopsy per patient was used for FFOCT analysis, 

which has already been used for analysis of the gut tissue remodelling (24), but the results are 

still in progress.  

In this study, the efficacy of POEM, defined as an Eckardt score <3 after one year (range 

from 14 months to 23 months) was 83.3%. This result is in concordance with the literature 

(19,25). We showed improvement in most items on the SF36 questionnaires before POEM and 

between 9 and 12 months after. The non-significant differences can be explained by numerous 

missing data (almost 10 patients per SF36 score item did not return their questionnaire). These 

results are in concordance with the data in the literature(26–28). These findings highlight the 

effectiveness of the technique in a global functional motor pathology of the oesophagus. Even 

if the LES is mainly affected, there are also inefficient contractions of the oesophageal body in 

achalasia, which could have impacted the quality of life of the patients at a later point in time.  

Recent studies have examined muscle and mucosal biopsies from patients with early-stage 

achalasia taken during POEM (18,23). The main mucosal abnormalities highlighted in the 

literature are basal hyperplasia, papillary elongation, surface parakeratosis, spongiosis, and 

intra-epithelial lymphocytes (23). In addition, some studies have described the pinstripe pattern 

(29), a wave-like appearance of the epithelium, as a more specific aspect of achalasia. In this 

study, basal hyperplasia, papillary elongation, surface parakeratosis, and spongiosis were 
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present in 39% (21/54), 31% (17/54), 11% (6/54) and 13% (7/54) respectively. This is less than 

what has been described in the most recent studies (23). Wavy epithelium was present in 18% 

(10/54) of our mucosal biopsies. Again, this is less than previously described (29). 

Some studies have suggested a link between intramucosal lymphocytes and oesophageal 

motor disorders (30). Lymphocytes were found in 35% (19/54) of our mucosal biopsies. These 

results are again fewer than in the study of Liu et al. (23).  

Several recent reports have suggested a possible link between eosinophilic esophagitis and 

achalasia (18,31,32). Our study did not demonstrate visible eosinophils in the oesophageal 

muscle, and only one patient had intramucosal eosinophils. A lymphocytic infiltrate of the 

muscle was found in only 2 patients (4%). We did not observe the presence ganglionitis or 

neuritis in our study, which contrasts with what has been previously described in the literature 

(5,14).  

Fibrosis was found in 33% (18/55) of muscle biopsies and in 15% (8/54) of mucosal 

biopsies, and smooth muscle cell atrophy in 11% (6/55), despite the early stage of achalasia.  

These differences may be due to the very early stage of achalasia in our study. Indeed, the 

patients had never received endoscopic or surgical treatment, and the average duration of 

disease was 42 months (with a median of 12 months) versus 79 months in Liu et al. The amount 

of tissue removed during paediatric forceps biopsies remains small, which may have limited 

our analysis of the oesophageal muscle.  

The strength of this study is that it set up a multi-year follow-up cohort of treatment-naive 

achalasia patients. The anatomopathological material collected will allow the launch of further 

studies and increase research data in a rare and poorly comprehended disease. To our 

knowledge, this is the first study to investigate muscle and mucosal biopsies taken during 

POEM in a Caucasian population. 

However, many limitations are to be noted, especially the important number of missing data 

on the SF36 quality of life questionnaires, and some Eckardt scores not recovered from patients 

lost to follow-up. This is partly due to the Covid epidemic, which made it difficult to follow 

patients over a long period. The small number of patients in this study should also be mentioned, 

due to the rarity of the pathology and the monocentric nature of the study. Moreover, although 

the SF36 questionnaire has already been used in achalasia (33), it was not created to evaluate 

this disease, which may lead to a bias in the analysis. Furthermore, we do not have a control 
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group with which to compare histological results, because we were unable to recover oesophagi 

resected for oesophageal cancer.  

These results will allow a revolution in the management of this pathology. Muscle analysis 

could be performed systematically, in clinical routine, to allow a more exhaustive exploration. 

Because of the small number of patients in our study we did not look for histological parameters 

of the musculature explaining the treatment failures. But the histological elements of the 

muscularis could be a first answer when it comes to the efficiency of the POEM treatment 

(inflammatory infiltrates, fibrosis...). This would then allow a selection of patients for a possible 

second therapeutic line (dilatation, surgery, second POEM...). 

On the other hand, this opens exciting new perspectives in fundamental research with access 

to histological areas that were previously unreachable.  The comprehension of the 

physiopathology of this disease could thus be significantly improved. There were no ganglions 

found in our study, but they were not systematically searched during the procedure. It will 

probably be necessary to develop new endoscopic methods of analysis and characterization to 

better visualize the enteric nervous system. The contribution of virtual staining such as Narrow 

Band Imaging (NBI) could be interesting as well as the super zoom of some endoscopes. If the 

analysis to date is not perfectly feasible, the technological progress to come allows us to hope 

for rapid changes in this field.  

In conclusion, this study shows that it is possible to take a large sample of muscle biopsies 

with a paediatric forceps during POEM in treatment-naive patients with achalasia, without 

increasing the risk of the procedure, and without impacting on its effectiveness. These biopsies 

will allow us to initiate new studies and could even be carried out in clinical practice if the need 

arises.  

 

 

 

 

 

 

 

 

 

 

 



 

 

 

23 

 

5. BIBLIOGRAPHIE 

 
1. d’Alteroche L, Oung C, Fourquet F, Picon L, Lagasse JP, Metman EH. Evolution of 

clinical and radiological features at diagnosis of achalasia during a 19-year period in 

central France. Eur J Gastroenterol Hepatol. févr 2001;13(2):121‑6.  

2. Roman S, Huot L, Zerbib F, Bruley des Varannes S, Gourcerol G, Coffin B, et al. High-

Resolution Manometry Improves the Diagnosis of Esophageal Motility Disorders in 

Patients With Dysphagia: A Randomized Multicenter Study. Am J Gastroenterol. mars 

2016;111(3):372‑80.  

3. Yadlapati R, Kahrilas PJ, Fox MR, Bredenoord AJ, Prakash Gyawali C, Roman S, et al. 

Esophageal motility disorders on high-resolution manometry: Chicago classification 

version 4.0©. Neurogastroenterol Motil. janv 2021;33(1):e14058.  

4. Neunlist M, Van Landeghem L, Mahé MM, Derkinderen P, des Varannes SB, Rolli-

Derkinderen M. The digestive neuronal-glial-epithelial unit: a new actor in gut health and 

disease. Nat Rev Gastroenterol Hepatol. févr 2013;10(2):90‑100.  

5. Goldblum JR, Rice TW, Richter JE. Histopathologic features in esophagomyotomy 

specimens from patients with achalasia. Gastroenterology. sept 1996;111(3):648‑54.  

6. Boeckxstaens GE. Achalasia: virus-induced euthanasia of neurons? Am J Gastroenterol. 

juill 2008;103(7):1610‑2.  

7. Castagliuolo I, Brun P, Costantini M, Rizzetto C, Palù G, Costantino M, et al. Esophageal 

achalasia: is the herpes simplex virus really innocent? J Gastrointest Surg. janv 

2004;8(1):24‑30; discussion 30.  

8. Ikebuchi Y, Kanda T, Ikeda H, Yoshida A, Sakaguchi T, Urabe S, et al. Identification of 

human herpes virus 1 encoded microRNAs in biopsy samples of lower esophageal 

sphincter muscle during peroral endoscopic myotomy for esophageal achalasia. Dig 

Endosc. janv 2020;32(1):136‑42.  

9. Moses PL, Ellis LM, Anees MR, Ho W, Rothstein RI, Meddings JB, et al. Antineuronal 

antibodies in idiopathic achalasia and gastro-oesophageal reflux disease. Gut. mai 

2003;52(5):629‑36.  

10. Ruiz-de-León A, Mendoza J, Sevilla-Mantilla C, Fernández AM, Pérez-de-la-Serna J, 

Gónzalez VA, et al. Myenteric antiplexus antibodies and class II HLA in achalasia. Dig 

Dis Sci. janv 2002;47(1):15‑9.  

11. Wu XY, Liu ZQ, Wang Y, Chen WF, Gao PT, Li QL, et al. The etiology of achalasia: An 

immune-dominant disease. J Dig Dis. mars 2021;22(3):126‑35.  

12. Guelrud M, Rossiter A, Souney PF, Rossiter G, Fanikos J, Mujica V. The effect of 

vasoactive intestinal polypeptide on the lower esophageal sphincter in achalasia. 

Gastroenterology. août 1992;103(2):377‑82.  



 

 

 

24 

 

13. Frieling T, Berges W, Borchard F, Lübke HJ, Enck P, Wienbeck M. Family occurrence of 

achalasia and diffuse spasm of the oesophagus. Gut. nov 1988;29(11):1595‑602.  

14. Goldblum JR, Whyte RI, Orringer MB, Appelman HD. Achalasia. A morphologic study 

of 42 resected specimens. Am J Surg Pathol. avr 1994;18(4):327‑37.  

15. Gockel I, Bohl JRE, Doostkam S, Eckardt VF, Junginger T. Spectrum of histopathologic 

findings in patients with achalasia reflects different etiologies. J Gastroenterol Hepatol. 

avr 2006;21(4):727‑33.  

16. Inoue H, Minami H, Kobayashi Y, Sato Y, Kaga M, Suzuki M, et al. Peroral endoscopic 

myotomy (POEM) for esophageal achalasia. Endoscopy. avr 2010;42(4):265‑71.  

17. Sato H, Inoue H, Ikeda H, Sato C, Santi EGR, Phalanusitthepha C, et al. In vivo 

histopathological assessment of the muscularis propria in achalasia by using 

endocytoscopy (with video). Endosc Int Open. sept 2014;2(3):E178‑82.  

18. Chen H, Calderon LF, Shah R, Zheng W, Xia L, Wang W, et al. Simultaneous 

Examination of Eosinophil Infiltration in Esophageal Mucosa and Muscle in Patients with 

Achalasia: Direct Biopsy of the Esophageal Muscle at Per-oral Endoscopic Myotomy. 

Dig Dis Sci. 2022;67(1):170‑6.  

19. Olivier R. Place of peroral endoscopic myotomy in patients with treated achalasia. 

Poitiers; 2019.  

20. Cotton PB, Eisen GM, Aabakken L, Baron TH, Hutter MM, Jacobson BC, et al. A lexicon 

for endoscopic adverse events: report of an ASGE workshop. Gastrointest Endosc. mars 

2010;71(3):446‑54.  

21. Teitelbaum EN, Dunst CM, Reavis KM, Sharata AM, Ward MA, DeMeester SR, et al. 

Clinical outcomes five years after POEM for treatment of primary esophageal motility 

disorders. Surg Endosc. janv 2018;32(1):421‑7.  

22. Daabiss M. American Society of Anaesthesiologists physical status classification. Indian J 

Anaesth. 2011;55(2):111‑5.  

23. Liu X, Kuo E, Wang K, Perbtani YB, Yang D, Draganov P. Histologic Findings in 

Mucosa and Muscularis Propria Biopsied During Peroral Endoscopic Myotomy in 

Patients With Achalasia. Gastroenterology Res. oct 2021;14(5):281‑9.  

24. Quénéhervé L, Olivier R, Gora MJ, Bossard C, Mosnier JF, Guillaume EB a la, et al. Full-

field optical coherence tomography: novel imaging technique for extemporaneous high-

resolution analysis of mucosal architecture in human gut biopsies. Gut. 1 janv 

2021;70(1):6‑8.  

25. Martinek J, Svecova H, Vackova Z, Dolezel R, Ngo O, Krajciova J, et al. Per-oral 

endoscopic myotomy (POEM): mid-term efficacy and safety. Surg Endosc. mars 

2018;32(3):1293‑302.  



 

 

 

25 

 

26. Dacha S, Wang L, Li X, Jiang Y, Philips G, Keilin SA, et al. Outcomes and quality of life 

assessment after per oral endoscopic myotomy (POEM) performed in the endoscopy unit 

with trainees. Surg Endosc. juill 2018;32(7):3046‑54.  

27. Werner YB, Hakanson B, Martinek J, Repici A, von Rahden BHA, Bredenoord AJ, et al. 

Endoscopic or Surgical Myotomy in Patients with Idiopathic Achalasia. N Engl J Med. 5 

déc 2019;381(23):2219‑29.  

28. Zhong C, Tan S, Ren Y, Lü M, Peng Y, Fu X, et al. Quality of Life Following Peroral 

Endoscopic Myotomy for Esophageal Achalasia: A Systematic Review and Meta-

Analysis. Ann Thorac Cardiovasc Surg. 2020;26(3):113‑24.  

29. Sato H, Takahashi K, Nakajima N, Hasegawa G, Mizuno K, Hashimoto S, et al. Full-layer 

mucosal histology in achalasia: Histological epithelial wave is characteristic in « pinstripe 

pattern »-positive achalasia. Neurogastroenterol Motil. janv 2018;30(1).  

30. Lisovsky M, Westerhoff M, Zhang X. Lymphocytic esophagitis: a histologic pattern with 

emerging clinical ramifications. Ann N Y Acad Sci. oct 2016;1381(1):133‑8.  

31. Jin H, Wang B, Zhang L li, Zhao W. Activated Eosinophils are Present in Esophageal 

Muscle in Patients with Achalasia of the Esophagus. Med Sci Monit. 19 avr 

2018;24:2377‑83.  

32. Mandaliya R, DiMarino AJ, Cohen S. Association of achalasia and eosinophilic 

esophagitis. Indian J Gastroenterol. janv 2013;32(1):54‑7.  

33. Li CJ, Tan YY, Wang XH, Liu DL. Peroral endoscopic myotomy for achalasia in patients 

aged ≥ 65 years. World J Gastroenterol. 14 août 2015;21(30):9175‑81.  

  

 

 

 

 

 

 

 

 

 

 

 



 

 

 

26 

 

6. ANNEXES  
 

1. Annex 1: Eckardt Score 

 

 
 

Score Weight loss (kg) Dysphagia Retrosternal pain Regurgitation 

0 None None None None 

1 < 5 Occasional Occasional Occasional 

2 5 - 10 Daily Daily Daily 

3 > 10 Each meal Each meal Each meal 
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2. Annex 2: SF36 Questionnaires (French version)  
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7. ABSTRACT 

 

Background: The pathophysiology of oesophageal achalasia remains poorly understood, as the 

amount of histological material available for fundamental research is low. Since the advent of 

peroral endoscopic myotomy (POEM), the muscularis has become accessible to biopsy and thus 

to new options for exploring this pathology. The aim of this study was to evaluate the feasibility 

and safety of muscularis and mucosal biopsies performed during POEM in patients with 

achalasia. Secondary objectives were to evaluate the efficacy and safety of the treatment, the 

quality of life of the patients after the procedure, and to perform a first histological analysis.  

 

Methods: Patients were included at Nantes University Hospital from November 2019 to 

November 2021. They had to be naïve to any surgical or endoscopic treatment of their achalasia. 

6 mucosal biopsies and 9 muscle biopsies were performed per procedure. All technical data of 

the procedure were recorded prospectively. Any complications were recorded. Patients were 

reassessed clinically at least one year after POEM. SF36 scores were re-evaluated between 9 

and 12 months after the operation. 

 

Results: 28 patients were included. Biopsy analysis was possible in 97% of cases. 9 patients 

(32%) presented intra or post-procedural adverse events of which only 1 was severe (4%), 

requiring a new intervention for oesophageal prosthesis. These events were not related to the 

performance of the biopsies. The clinical success rate at more than one year after the procedure 

was 83.3% (20/24). We found significant improvement in the majority of the SF36 

questionnaire items 9 to 12 months after POEM. Fibrosis was found in 15% of mucosal 

locations and 33% of muscle biopsies. An eosinophilic infiltrate was found in only one patient 

(1%). Most muscle biopsies showed no visible abnormalities. 

 

Conclusion: This study shows that it is possible to take a large sample of muscle biopsies with 

a paediatric forceps during POEM in treatment-naive patients with achalasia, without increasing 

the risk of the procedure, and without impacting on its effectiveness. 

 

Keys words : achalasia, peroral endoscopic myotomy, biopsy.  
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NOM : ANDRAULT PRENOM : SAMUEL 
 

ACHALAGLIE : Etude de la musculeuse œsophagienne dans l’achalasie à partir de 
biopsies réalisées au cours d’une myotomie per-oral endoscopique (POEM) : étude 

de faisabilité et de sécurité.  

 

⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 

RESUME 
 

Introduction :  La physiopathologie de l’achalasie de l’œsophage reste mal connue, la quantité 

de matériel histologique disponible pour la recherche fondamentale étant faible. Depuis 

l'avènement de la myotomie per-oral endoscopique (POEM), la musculeuse est devenue 

accessible à la biopsie et donc à de nouvelles possibilités d’exploration de cette pathologie. Le 

but de cette étude était d'évaluer la faisabilité et la sécurité des biopsies de la musculeuse et de 

la muqueuse œsophagienne réalisées pendant une POEM chez des patients atteints d'achalasie. 

Les objectifs secondaires étaient d'évaluer l'efficacité et la sécurité du traitement, la qualité de 

vie des patients après la procédure, et de réaliser une première analyse histologique.  

 

Matériels et méthodes : Les patients ont été inclus au CHU de Nantes de Novembre 2019 à 

Novembre 2021. Ils devaient être naïfs de tout traitement chirurgical ou endoscopique de leur 

achalasie. 6 biopsies muqueuses et 9 biopsies musculeuses ont été réalisées par procédure. 

Toutes les données techniques de la procédure ont été relevées prospectivement. Les 

complications éventuelles ont été relevées. Les patients ont été réévalués cliniquement au moins 

un an après la POEM et les scores SF36 entre 9 et 12 mois après l'opération. 

 

Résultats : 28 patients ont été inclus. L'analyse des biopsies a été possible dans 97% des cas. 9 

patients (32%) ont présenté des événements indésirables per ou post-procédure dont 1 seul 

sévère (4%), nécessitant une nouvelle intervention pour pose de prothèse œsophagienne. Ces 

événements n'étaient pas liés à la réalisation des biopsies. Le taux de succès clinique à plus d’un 

an de l’intervention était de 83.3% (20/24). Nous avons constaté une amélioration significative 

de la majorité des items du questionnaire SF36 9 à 12 mois après la POEM. De la fibrose a été 

mise en évidence dans 15 % des localisations muqueuses, et 33 % des biopsies musculaires. Un 

infiltrat éosinophile a été trouvé chez un seul patient (1%). La plupart des biopsies musculaires 

ne présentaient aucune anomalie visible. 

 

Conclusion : Cette étude montre qu'il est possible de prélever un grand nombre de biopsies 

musculaires pendant la POEM chez des patients naïfs de traitement atteints d'achalasie, sans 

augmenter le risque de la procédure, et sans impact sur son efficacité.  

 

 

Mots clés : achalasie, myotomie per orale endoscopique, biopsie. 
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