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Do we need endoscopic ultrasonography for the workup of patients with esophageal motility disorder?
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Introduction

Achalasia is an esophageal motility disorder typically revealed by dysphagia, chest pain during meals, regurgitations and weight loss. The cause of primary achalasia is unknown. Endoscopic ultrasonography (EUS) is the optimal imaging technique to assess the esophageal wall and the periesophageal tissue [START_REF] Tio | Endoscopic ultrasonography of normal and pathologic upper gastrointestinal wall structure. Comparison of studies in vivo and in vitro with histology[END_REF][START_REF] Tanaka | Anatomical and pathological aspects in ultrasonic endoscopy for GI tract[END_REF]. Currently, EUS is advised in the workup of achalasia patients to rule out secondary achalasia or pseudoachalasia due to a periesophageal neoplasm [START_REF] Vaezi | ACG clinical guideline: diagnosis and management of achalasia[END_REF]. EUS can be useful to search for an esophageal wall thickening thought to be typical of achalasia. In daily practice, the use of EUS in patients with achalasia is controversial, due to conflicting results between studies investigating EUS findings particularly with respect to the thickening of the esophageal wall. The purpose of this study was to assess the clinical contribution of EUS findings in achalasia.

Methods

Patients

All patients who had an EUS from January 2012 to December 2017 at our center for the work up of an esophageal motility disorder (EMD) were included. Patients with non achalasic obstructive esophageal motility disorder or suspected pseudoachalasia, because of major weight loss, short duration of symptoms, or late onset of the disease were included.

The study was approved by the Ethical Review Committee of our Institution (CLEP n° AAA-2018-08005). Written, informed consent was obtained from each patient included in the study. The study protocol conforms to the ethical guidelines of the 1975 Declaration of Helsinki as reflected in a priori approval by the institution's human research committee.

We retrospectively recorded patients demographic information, disease duration, symptoms and Eckardt score (4), high resolution manometry findings including 4s-integrated resting pressure (IRP), mean lower esophageal pressure and final diagnosis according to the Chicago v3.0 classification of esophageal motility disorders (5), endoscopy findings, and EUS findings, among which the thickness of esophageal wall and each esophageal layers when assessable. Finally, treatment type and treatment outcomes were recorded.

EUS procedures

EUS procedures were all performed by two experienced operators using a radial array ultrasound gastrovideoscope (GF-UE 160, Olympus, Tokyo, Japan), and an Aloka alfa 10 (Hitachi Tokyo, Japan) device. All procedures were conducted with patient under deep sedation or general anesthesia, in left lateral position.

Esophageal wall was assessed at the esophagogastric junction, and 3 to 5 cm proximal to the EGJ junction, then proximally until no thickening was seen. An esophageal wall thickening was defined as an esophageal wall ≥3 mm [START_REF] Minami | Clinical application of endoscopic ultrasonography for esophageal achalasia[END_REF]. In case of thickening, each layer (mucosal-submucosal layer, muscularis propria, or even inner circular and outer longitudinal muscle layers) was measured specifically.

Statistical analysis

Statistical analysis was performed using SPSS version 23.0. Continuous data were compared with an unpaired t-test and expressed as median values and interquartile range (IQR). Categorical data were compared with a Fisher's exact test and expressed as percentages. A logistic regression was used. A p-value <0.05 was considered to indicate statistical significance.

Results

Patients

Sixty-nine patients were included, of which 52% were men. Median age was 61 ± 14 years. Median Eckardt score at the time of EUS was 7 ± 2. Clinical features are described in table 1.

Median integrated relaxation pressure (IRP) was 19 ± 17 mmHg at time of the EUS.

Twenty-three patients (33%) had a treatment before the EUS, and six had multiple treatments.

First-line treatment was pneumatic dilation (PD) for 12 patients, six patients had one or multiple botox injections, 4 patients had a laparoscopic Heller myotomy, and one patient had a per-oral endoscopic myotomy (POEM).

EUS findings

A wall thickening was found on EUS for 43 patients (62%) and 26 examinations were described as normal. Reports of the measures of the esophageal thickening for each category of esophageal motility disorders are reported in table 2.

Forty-three patients had esophageal biopsies and three cases (4%) of secondary achalasia were diagnosed on mucosal biopsies performed during conventional endoscopy: two esophageal carcinomas and one eosinophilic esophagitis. For this last patient, EUS was normal. Details for the 43 patients who had a thickening of the esophageal wall are reported in table 1.

An endoscopic ultrasonography feature of the thickening of muscularis propria layer in a patient diagnosed with achalasia is showed in Figure 1.

Patient management after EUS

Fifty-eight (84%) patients received a treatment after the EUS. Of the 11 untreated patients, 3 had secondary achalasia and received a specific treatment, 6 patients declined endoscopic or surgical treatment and chose a medical treatment (calcium inhibitors or nitrates derivatives) and 2 patients were lost to follow-up after EUS. The most frequent treatment was an esophagogastric myotomy in 58% of the patients (per oral endoscopic myotomy in 56% and Heller myotomy in 2%), while 28% and 17% of patients were treated with pneumatic dilatation (PD) and botulinum toxin injection, respectively. For seven patients, a second-line therapy was required: one patient received a PD after botox injection and the other patients had a POEM.

Eckardt score was available for 52/58 patients after treatment. Forty-one patients (71%) were successfully treated (Eckardt score <4) at the latest follow-up visit. Mean follow-up was 16.0 ± 16 months. Manometry was available for 26/58 patients following treatment. Median decrease of IRP was 15.1 mmHg (IQR 6.0 -25.8 mmHg).

In univariate analysis, the only factor correlated to the presence of an esophageal wall thickening was the male sex (p=0.023) (Table 3). No correlation was found between therapeutic success and occurrence of esophageal wall thickening whatever treatment was administered.

The occurrence of a wall thickening was not significantly associated with the type of esophageal motility disorder or achalasia subtype, the Eckardt score, the integrated relaxation pressure at manometry, or a previous treatment (Table 3). There was no statistical correlation between the presence of a wall thickening at EUS and therapeutic outcomes after any of the treatments (Table 4).

Discussion

In this work, the presence of an esophageal wall thickening was not predictive of the type of esophageal motility disorder nor achalasia subtype or treatment outcome.

Our results concur with the majority of previous studies. Devière et al. first described the occurrence of a thickening of the muscularis propria layer ranging from 3 to 11 mm (and a mean width of 10 mm) in 5 patients diagnosed with achalasia compared to a cohort of 280 patients without esophageal disease for whom the mean esophageal wall thickness was 3 mm [START_REF] Devière | Endoscopic ultrasonography in achalasia[END_REF]. The usefulness of EUS to distinguish achalasia from pseudo-achalasia was also highlighted. Conversely, Ponsot et al. reported the thickening of the muscularis propria to occur in 31% of achalasia patients and range from 1 to 3 mm, suggesting the massive esophageal wall thickness reported earlier to be an artefact [START_REF] Ponsot | Endoscopic ultrasonography in achalasia[END_REF]. Furthermore, Van Dam et al. analyzed the EUS findings in a prospective study including 17 achalasia patients with sigmoid-like esophagus, straight esophagus and 6 control patients: the wall thickening was found to be common in achalasia, and more important in sigmoid or tortuous esophagi than in straight or normal esophagi [START_REF] Van Dam | Endosonographic evaluation of the patient with achalasia: appearance of the esophagus using the echoendoscope[END_REF]. They too mentioned the possibility of the esophageal wall thickness to be an artefact linked to tangential visualization of the esophageal wall in a dilated esophagus, and did not recommend EUS routinely in achalasia patients. More recently, Minami et al. assessed the lower esophageal sphincter thickness in 77 patients undergoing POEM using high frequency miniprobes [START_REF] Minami | Clinical application of endoscopic ultrasonography for esophageal achalasia[END_REF]. Ten patients had an inner circle muscle layer thickening, and the authors recommended tailoring the length of the myotomy based on EUS findings; however, few data was available in the paper on the correlation between esophageal wall thickening and type of achalasia or treatment outcome.

In our work, no correlation was observed between the presence of an esophageal wall thickening and the severity of the symptoms assessed by the Eckardt score at the time of EUS. Dogan et al.

found an esophageal wall thickening in 50 to 100% of patients with achalasia or obstructive esophageal motility disorders, but also in 24% of patients with normal esophageal manometry but esophageal symptoms, mostly dysphagia. Of note, the study was performed with water perfused manometry catheters, and might have missed a significant proportion of esophageal motility disorders [START_REF] Dogan | Prevalence of increased esophageal muscle thickness in patients with esophageal symptoms[END_REF].

To our knowledge, our study includes the largest number of patients with EMD investigated by EUS, and suggests the absence of correlation between EUS findings and treatment outcomes.

The limitations of our study are its retrospective nature, the absence of a standardized protocol for the measurement of the esophageal wall thickness, and the absence of high frequency EUS miniprobes which allow an optimal assessment of the muscularis propria. Also, false positives could be related to esophageal contractions. However, EUS were performed by one experienced endosonographist with a consistent technique throughout the study. This is of particular importance, since EUS in wide or spastic esophagi can be technically challenging.

Moreover, 33% of the patients already received a treatment before the EUS which could interfere with measurement of esophageal wall thickening. But there was no correlation between the presence of a previous treatment and the presence of a wall thickening. This demonstrates the fact that EUS is not needed after a treatment to monitor the wall thickening.

Our patients received different type of treatments. One added limitation is that the total number of patients per group can not allow a sub-group evaluation.

Currently, the main indication of EUS in EMD is the suspicion of pseudoachalasia, or periesophageal malignancy responsible for the obstructive manometry pattern.

In a previous work, Krishnan et al. evaluated the role of EUS in patients with esophageal motility disorders [START_REF] Krishnan | Endoscopic ultrasound as an adjunctive evaluation in patients with esophageal motor disorders subtyped by high-resolution manometry[END_REF]. In their series, EUS changed patients' management in 15% of the cases.

In our work, EUS results led to the diagnosis of three secondary achalasia: two patients had esophageal carcinomas despite a first normal esophagogastroduodenoscopy and one patient had an eosinophilic esophagitis. For 2 patients, a thickening of esophageal wall was already seen on the CT-scan, and the diagnosis was made during conventional endoscopy with mucosal biopsies. Therefore, in our series, EUS did not change the patient management in any case. In a large series of 18 patients with pseudoachalasia, Ponds et al. reported that EUS alone helped making the diagnosis of pseudoachalasia in only two cases [START_REF] Ponds | Diagnostic features of malignancy-associated pseudoachalasia[END_REF].

Finally, the contribution of EUS findings in patients with esophageal motility disorders was limited in our study. The presence of an esophageal wall thickening was not predictive of the achalasia subtype or treatment outcome. While EUS might be of use to rule out pseudoachalasia in cases of high clinical suspicion and normal CT scanner, a systematic search for esophageal wall thickening in patients with esophageal motility disorders does not seem to be useful for patient management.

The authors declare that there is no conflict of interest. 

Figure legend

Figure 1 :

 1 Figure 1: Typical endoscopic ultrasonography features of achalasia Thickening of muscularis propria layer measured at 2.5 mm (green points in dotted line) and inner circular muscle layer (yellow points in dotted line measured at 1.5 mm)

  

Table 1 :

 1 Patients characteristics

	Tables	
	Characteristic	N
	Clinical features	
	Women, N (%)	33 (48%)
	Median age (IQR), y	61 (51.5-71)
	Median Eckardt score (IQR)	7 (5-9)
	EUS features	
	Median width of esophageal wall (IQR), mm	
	-Esophageal wall	5.4 (3.9-6,1)
	-Submucosa	5 (4.5-5)
	-Muscular layer	2.6 ( 1.8-3)
	o Inner circular muscle	2.8 (1.8-5)
	o Longitudinal muscle layer	0.5
	Median extension of the wall thickening	7.5 (5-10)
	(IQR), cm	
	Periesophageal lymph nodes, N (%)	26 (38%)
	Manometric diagnosis of EMD	
	Type I achalasia	20 (29%)
	Type II achalasia	27 (39%)
	Type III achalasia	9 (13%)
	EGJOOS	2 (2.9%)
	Jackhammer esophagus	5 (7.2%)
	Distal Esophagus Spasm	6 (8.7%)
	IQR: interquartile range	
	EUS: endoscopic ultrasonography	
	EMD: esophageal motility disorder	
	EGJOOS: esophagogastric junction outflow obstruction syndrome

Table 2 :

 2 Median (IQR) measures of the esophageal layers thickening for each category of esophageal motility disorders, in mm

		Type	I	Type	II	Type III	EGJOOS	Jackhammer	Distal
		achalasia		achalasia	achalasia	N=2	esophagus	esophagus
		N= 20		N= 27		N= 9		N=5	spasm
									N=6
	Esophageal wall	4.4		5.5		6	6.2	6
		(3.4-5.3)		(3.5-6.7)	(5-7)	(N/A)	(N/A)
	Muscular layer	2.5		2.7		2		
		(1,8-2,6)		(2.1-3.4)	(1.9-2.5)		
	• Inner circular	3.45		2.4		2.3			3.5
	muscle	(1.8-5.2)		(1.5-3.1)	(N/A)			(1.9-5.0)
	• Longitudinal	0.55						
	muscle layer	(0.5-0.6)						
	Sub-mucosa			5 (N/A)		5 (N/A)		4 (N/A)
	EGJOOS: esophagogastric junction outflow obstruction syndrome	

Table 3 :

 3 Univariate analysis of the characteristics associated with esophageal wall thickening (n=69)

	Characteristics	Presence of	Absence of	P value
		esophageal wall	esophageal wall	
		thickening	thickening	
		(n=43)	(n=26)	
	Demographic features			
	-Sex ratio (F/M)	16/27	17/9	0.02
	-Age -Median (IQR), y	61 (54.5-70.5)	61 (38.7-70.5)	0.21
	Clinical features			
	-Eckardt score at time of EUS-	7 (5-9)	6 (5-8.2)	0.33
	median (IQR)			
	Manometric features			
	Diagnosis of EMD			0.95
	-Type I achalasia	12	8	
	-Type II achalasia	17	10	
	-Type III achalasia	5	4	
	-EGJOOS	1	1	
	-Jackhammer esophagus	4	1	
	-Distal esophageal spasm	4	2	
	IRP -median (IQR), mmHg	20 (13.8 -30)	18.3 (14.3-26.5)	0.37
	Previous treatment	N=13	N=10	0.45
	-Pneumatic dilation	6	6	
	-Botox-injection	5	1	
	-Heller myotomy	1	3	
	-POEM	1	0	
	EUS: endoscopic ultrasonography			
	IQR: interquartile range			
	EMD: esophageal motility disorder			
	EGJOOS: esophagogastric junction outflow obstruction syndrome	
	IRP: integrated resting pressure			
	POEM: peroral endoscopic myotomy			

Table 4 :

 4 Treatment outcomes and esophageal wall thickening for patients who received a treatment after Endoscopic UltraSonography (N=58)

		Therapeutic success at latest follow-up (n=40)		p
	Esophageal wall thickening (n=36)	Pneumatic dilation -1 st line of treatment: n=10 -Success: n= 4/7 †	Botox -1 st line of treatment: n=5 -Success: n=2/5 †	Myotomy -1 st line of treatment: n=21 -2 nd line of treatment: n=4 -Success after 1 st line of treatment: n=20/21 †	Overall success at latest follow-up (n=26)	p=0.23
	No esophageal wall thickening (n=22)	Pneumatic dilation -1 st line of treatment: n=6 -2 nd line of treatment: n=1 -Success after 1 st line of treatment: n=5/6 †	Botox -1 st line of treatment: n=5 -Success: n=2/5 †	Myotomy -1 st line of treatment: n=11 -2 nd line of treatment: n=2 -Success after 1 st line of treatment: n=7/11 †	Overall success at latest follow-up (n=14)	
			p=0.58			
						

† number of patients/number of available information

design of the work; the analysis, interpretation of data for the work.