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Abstract

Achalasia is a primary motor disorder of the esophagus diagnosed manometrically in the clinical setting of dysphagia to both solids and liquids. Currently established treatment options include pneumatic dilation, laparoscopic Heller myotomy, botulinun toxin injection performed endoscopically, oral agents that relax the lower esophageal sphincter and esophagectomy for refractory, end-stage disease. Despite their effectiveness, a significant proportion of patients eventually relapses and needs retreatment. In this setting, several new techniques are under investigation promising future enrichment of our therapeutic armamentarium for achalasic patients. Among them, peroral endoscopic myotomy and self-expandable metal stents placed across the gastro-esophageal junction represent the most encouraging modalities, as initial studies assessing their efficacy and safety indicate. This review highlights the role of self-expandable metal stents in the management of patients with achalasia. Their possible position in the therapeutic algorithm of achalasia along with established and novel techniques is also assessed. Finally, the need for large prospective randomized trials is underlined in order to elucidate the numerous relevant issues. 
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Recommended treatment of patients with achalasia are associated with significant clinical relapse over subsequent months or years. Therefore, numerous innovative techniques are under evaluation. Self-expandable metal stents may represent a promising alternative according to initial studies. They may gain a place in the therapeutic algorithm of achalasia in the view of its different types and stages, patients’ characteristics and other emerging modalities. 
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INTRODUCTION
Achalasia is a primary esophageal motility disorder characterized by aperistalsis in the distal portion of the esophageal body and incomplete or absent relaxation of the lower esophageal sphincter (LES). It is a disease of unknown cause; it pathophysiologically results primarily from the degeneration of ganglion cells in the myenteric plexus of the esophageal wall1


[ ADDIN EN.CITE ,2]
.

Achalasia is a rare clinical entity with annual incidence and prevalence of approximately 1.6 and 10 cases per 100000 individuals, respectively. Both sexes are affected equally, there is no racial predilection and the age of diagnosis ranges between 25 and 60 years
 ADDIN EN.CITE 
[3,4]
. Onset is rather insidious and disease progression gradual accounting for high rates of delayed diagnosis. The predominant symptom of achalasia is dysphagia to solids and liquids. Other symptoms include regurgitation of undigested food or saliva occasionally leading to aspiration and pneumonia, sub sternal chest pain, weight loss and heartburn
 ADDIN EN.CITE 
[5]
.

The diagnosis of achalasia when clinically suspected is suggested by barium esophagram and established by manometry. On barium swallow supporting findings include aperistalsis, dilation of the esophagus, bird-beak appearance of the gastro-esophageal junction and delayed contrast medium emptying6[]
. Manometry typically reveals incomplete or absent LES relaxation in response to a swallow and aperistalsis in the distal 2/3 of the esophagus7[]
. Recently high resolution manometry classifies achalasia in 3 subtypes namely I (classic), II (with panesophageal pressurization) and III (spastic or vigorous)
 ADDIN EN.CITE 
[8]
. This classification possibly correlates with the final outcome of treatment
 ADDIN EN.CITE 
[9,10]
. Endoscopy may be normal or reveals a dilated esophagus with retained saliva and undigested food particles along with difficulty in passing the gastro-esophageal junction. Of importance, endoscopic examination and, when indicated, imaging studies are mandatory to exclude focal malignancy mimicking primary achalasia
 ADDIN EN.CITE 
[11,12]
.
CURRENT TREATMENT OPTIONS AND THEIR LIMITATIONS  
Treatment modalities for achalasia aim at reducing LES resting pressure thus relieving dysphagia and regurgitation and preventing the long-term development or mega-esophagus. This goal is accomplished by either mechanical disruption of the LES muscular fibers (e.g., pneumatic dilation, myotomy either laparoscopic or peroral endoscopic) or by pharmacological decrease in LES pressure (e.g., botulinum toxin injection, oral nitrates and calcium-channel blockers)
 ADDIN EN.CITE 
[13,14]
. 

Pneumatic dilation (PD) represents a highly-accepted first-line therapy for primary achalasia due to its cost-effectiveness and low complication rates. PD is performed in a gradual fashion by experienced endoscopists using standard-diameter balloons. Initial success rates are high and up to 90% of patients report symptomatic relief. Favorable predictors include older age (> 45 years), female gender, narrow esophageal lumen, post-dilation pressure < 10 mmHg and type II pattern on high-resolution manometry
 ADDIN EN.CITE 
[10,15,16]
. However, improvement is often not sustainable in the medium - to long-term period, since prospective studies suggest that approximately two thirds of patients eventually relapse and need additional dilations and possibly surgery
 ADDIN EN.CITE 
[17]
. Moreover, subsequent dilations seem less effective and patients referred for myotomy are at increased risk for intra-operative complications. Mostly feared complication is esophageal perforation with an overall median rate of 1.9% (range 0%-16%)
 ADDIN EN.CITE 
[18]
. Additionally gastroesophageal reflux disease occurs in 15-35% of patients necessitating antisecretory medications
 ADDIN EN.CITE 
[19]
. 

Laparoscopic Heller myotomy (LHM) coupled with Dor fundoplication is the primary alternative to PD for achalasia. Initial clinical remission is achieved to nearly 90% of patients but this excellent outcome seems to wane over time
 ADDIN EN.CITE 
[18,20]
. Long-term studies show that 18% of patients require PD and 5%-10% of them repeat myotomy or esophagectomy 5-11 years post-operatively
 ADDIN EN.CITE 
[21,22]
. Nevertheless, a meta-analysis published in 2013 favored LHM over PD in terms of both short- and long-term efficacy23


[ ADDIN EN.CITE ]
. Being more invasive, surgery is associated with a protracted recovery period and numerous complications including gastro-esophageal reflux disease (GERD), dysphagia associated with the fundoplication that may require dilations, perforation, bleeding, leaks and infections which affect negatively its cost-effectiveness20[]
. Despite these imperfections, LHM is preferred over PD for patients younger than 40 years as they frequently need more re-dilations than older subjects5


[ ADDIN EN.CITE ]
. To note, very recently, Nau et al24[]
 suggested that LHM should be used as a benchmark against which other treatments for achalasia are judged, given its outstanding results24[]
. 
Developed by Inoue in Japan peroral endoscopic myotomy (POEM) is the most fascinating new treatment option for achalasia currently being extensively studied in the United States and in Europe. This approach involves endoscopic dissection of the esophageal submucosal space and the creation of a tunnel eventually allowing LES circular muscle bundles dissection
 ADDIN EN.CITE 
[25,26]
. Initial studies in a total of 1000 procedures with a mean follow-up from 3 to 12 mo report excellent short term results (clinical success 82-100%) and only minor self-limited adverse events (mainly tense capnoperitoneum) in less than 10% of patients27[]
. The most serious complication is mediastinitis due to esophageal leak, although its incidence seems remarkably low. On the other hand, recent studies show that objectively-measured gastroesophageal reflux disease prevalence after POEM varies from 20% to 46%, higher than that in early reports and similar to those following LHM with Dor fundoplication
 ADDIN EN.CITE 
[28,29]
. No procedure-related death has been reported. In all circumstances, further studies with long-term follow-up, as well as randomized trials comparing POEM with LHM and PD are warranted before POEM can be recommended25[]
 as the procedure of choice.  
Intrasphincteric botulinum toxin injection (BTI) can be easily performed during routine endoscopy in poor surgical candidates. Using a sclerotherapy needle, 100 units of the toxin are administered just above the squamocolumnar junction in at least 4 quadrants. Its initial efficacy reaches those of PD and LHM. Unfortunately, symptoms relapse in more than 50% of patients necessitating additional injections at 6-24-mo intervals
 ADDIN EN.CITE 
[30]
. Main complications are post-procedural chest pain, heartburn and allergic reactions
 ADDIN EN.CITE 
[19]
. In addition, BTI may increase the technical difficulty of subsequent myotomy either surgical or endoscopic
 ADDIN EN.CITE 
[31]
.  
Oral pharmacologic agents indicated for primary achalasia include calcium-channel blockers and nitrates. They represent the least effective means of treatment32[]
. Traditionally, they are administered 30 to 60 min prior to meals and act by decreasing basal LES pressure and tone. Their efficacy is variable and their use is limited to those who are not suitable to receive invasive therapies. Moreover, side effects such as headache, hypotension and peripheral edema, as well as tachyphylaxis, diminish their application
 ADDIN EN.CITE 
[19]
.
Finally, for patients with end-stage achalasia (megaesophagus, or sigmoid-esophagus) who have failed PD and/or LHM, esophagectomy should be considered33[]
. Esophageal resection results in symptomatic improvement in more than 80% of patients; however, it is associated with significant mortality reaching 5.4% in uncontrolled studies and recurrence of dysphagia in up to 50% of patients34[]
. 

As shown, all currently available therapeutic modalities for primary achalasia remain of palliative nature, given that the underlying mechanism cannot be reversed. Moreover, a good proportion of patients will experience symptom recurrence and require retreatment. In this context, several new endoscopic treatments are under evaluation over the last years. This review aims to highlight the role of self-expandable metal stents (SEMS) in the management of patients with achalasia.  
USED MATERIALS AND METHODS
Using PubMed we carried out a thorough review of the literature to identify all articles published between January 1995 and July 2014 referring to the use of SEMS in achalasia. The search was initially performed using the term “achalasia and stents” as a free text. A total of 43 studies were retrieved and one additional was identified by a manual search of the references cited in the key articles. Each manuscript was subsequently cross-checked by two authors (AS, CM) to achieve a maximum completeness of the reports chosen for inclusion. In case of disagreement, a third senior author (KT) made the final decision. Eventually, 14 studies were considered suitable for review. The article selection process is presented in Figure 1.    
SEMS FOR ACHALASIA TREATMENT
Early reports regarding the use of SEMS in the treatment of achalasia were published in 1998 by De Palma et al[35] A nitinol coil stent (InStent Inc., Eden, Praire, United States), 10 cm long, was placed in 4 patients with long-standing disease who were unresponsive to conventional treatment such as LHM, PD and BTI. Stent placement was successful in all cases and the patients achieved clinical remission during the follow-up period up to 12 mo. One of them developed reflux esophagitis treated medically35[]
. 
Three years later the same authors presented their extended experience in 8 patients followed for a period ranging from 29 to 44 mo. Nitinol coil and Ultraflex (Microvasive, Boston Scientific, Natick, MA, United States) stents were placed across the gastro-esophageal junction. Although stent implantation was technically successful and all patients experienced complete remission of dysphagia, a significant complication rate was noted both in the early (within 30 d) and in the late (after 30 d) phase. In particular, 62.5% of patients had early complications (mainly stent migration, 37.5%) and 57.1% late complications (mainly chest pain, 28.5%). As a result the investigators concluded that the use of SEMS in achalasia should not be generalized but reserved only for carefully selected cases36[]
.
Unlike the rather promising experience of De Palma et al[35], a case series published in 2000 announced extremely disappointing results. Three different SEMS types, namely Gianturco Rosch Z stent (Wilson Cook Medical, Winston Salem, NC, United States) and Wallstent I and II (Schneider USA, Plymouth, MN, United States) were inserted in 4 achalasic patients. Placement was technically feasible and uneventful. Symptomatic remission before further intervention varied between 2 wk and 10 mo. However, complications such as stent migration and dysphagia recurrence secondary to either food bolus impaction or inflammatory stricture occurred in all cases. Most serious, one patient died from bleeding due to an aorta-enteric fistula developed from a penetrating gastro-esophageal junction ulcer adjacent to the stent. The authors recommended that alternative to SEMS options should be preferred in the management of patient with refractory achalasia
 ADDIN EN.CITE 
[37]
.     

Thereafter, a center from the United States and one from Spain reported few cases of achalasic patients treated with SEMS insertion. The former used metal coil stents (Esophacoil, InStent Inc., MN, United States) in 2 patients with complicated refractory achalasia. Technical and clinical success was achieved; nevertheless, hematemesis secondary to severe erosive esophagitis and small bowel obstruction due to stent migration were encountered a few months after stent placement
 ADDIN EN.CITE 
[38]
. The Spanish center announced the use of SEMS (Hanarostent, MI Tech, IZASA, Seoul, South Korea) as an effective short-term bridging therapy in 2 achalasic patients, one pregnant and one with newly diagnosed pituitary tumor39[]
. 
In 2009 Zhao et al[40] reported the results of a prospective study assessing the long term efficacy and safety of a specifically designed partially-covered SEMS, 30 mm in diameter, placed for 3-7 d in 75 achalasic patients. Both technical and post-procedural clinical success was 100%. During the long follow-up period (up to 13 years) the overall remission rates remained extremely high reaching 100% and 83.3% at > 5 and > 10 years, respectively. These excellent results, as well as the low rates of complications including stent migration and perforation (5.3% and 0%, respectively) were attributed to the large-diameter stent that had been used. On the other hand, the same factor was possibly responsible for the relative high rates of chest pain (38.7%), gastro-esophageal reflux (20%) and bleeding (12%). It was therefore suggested that temporary SEMS placement is effective and safe and could serve as an alternative or complementary method in the management of esophageal achalasia
 ADDIN EN.CITE 
[40]
.
The importance of stent diameter in terms of clinical efficacy was evaluated in a prospective study with long-term follow-up conducted by Cheng et al[41] As the results indicate, the overall cumulative clinical remission rate was significantly higher for patients who underwent a 30mm stent placement as compared with those who received a 25mm and 20mm one (87% vs 73% vs 47%, respectively). Similarly, the wider the stent, the lower the migration rate (6.6% vs 13.3% vs 26.7%) and the higher the chest pain rate (40% vs 33% vs 17%, respectively)
 ADDIN EN.CITE 
[41]
.
A recent study by Zeng et al[42] assessed for the first time the efficacy of fully-covered SEMS, 20-25mm in diameter, in achalasia (Z-stent, Sigma, Huaian, China). Fifty-nine patients with no prior treatment were enrolled and underwent stent placement for a 1 mo period. The cumulative remission rates after 6, 12, 18, 24, 30 and 36 mo were 90.9%, 81.8%, 76.4%, 69.1%, 65.%% and 49.1%, respectively. Sub sternal chest pain was the most common complication (25.5%), followed by heartburn (10.6%) and stent migration (8.5%)42[]
.
Apart from Eastern countries, a study from Italy published a few months ago evaluated the safety and efficacy of SEMS as a temporary treatment in patients with achalasia. Seven patients underwent a 30 mm partially-covered stent (Micro-Tech, Nanjin, China) placement for 6 d and were followed thereafter for a mean period of 19 mo. Beneficial effects on dysphagia were excellent in 5 and good in 2 patients during the follow-up. No serious complication was observed. The authors concluded that large stent placement may permanently disrupt the muscular fibers of the cardia and possibly represents a safe and effective option for patients not fit for more invasive interventions43[]
. A stent similar to the one used in this study as well as, a nitinol-covered stent are illustrated in Figure 2. Major points of the above mentioned studies are presented in Table 1.

SEMS VS PD AND BTI IN THE TREATMENT OF ACHALASIA
Several studies compare SEMS vs established treatment options such as PD and BTI in the management of patients with achalasia, as presented in Table 2. Of note, no randomized trials are currently available.

In 2003 Cheng et al[44] compared PD with permanent uncovered or ant reflux covered SEMS and temporary partially-covered SEMS. The latter stents, sized 20-30 mm in diameter, were inserted and withdrawn successfully after 3-7 d.  According to the results, temporary partially-covered SEMS exhibited significantly superior long-term therapeutic efficacy as compared to the rest interventions, although immediate symptomatic relief was equally excellent. Interestingly, permanently uncovered metal stent dilation proved to be unsuitable for patients with achalasia due to high rates of gastro-esophageal reflux and stent occlusion secondary to hyperplasia of granulation tissue
 ADDIN EN.CITE 
[44]
.
To overcome the limitations of their previous study (e.g., relatively short follow-up and great variety in stent diameters) the same investigators reported the results of a retrospective trial comparing PD and temporary partially-covered SEMS (Zhiye Medical Instruments, Guangzhou, China and Youyan Yijin Advanced Materials, Beijing, China). The diameter of the balloon or stent used was 30mm. The stent was removed within 7 d after placement and the patients were followed both clinically and manometrically for more than 10 years. The results showed that both interventions are very efficacious in the immediate post-procedural period. However, the total symptom scores in patients treated with SEMS were statistically better than those treated with PD throughout the follow-up period (P < 0.05). LES pressure did not exhibit significant differences apart from one time frame (after 8-10 years). As expected, complications such as pain and bleeding occurred more frequently in the stent group compared to the balloon one (42.9% vs 23.6% and 15.9% vs 8%, respectively)
 ADDIN EN.CITE 
[45]
.
Similar results were obtained by an uncontrolled prospective study with a long-term follow-up comparing SEMS and PD of the same diameter (30 mm).  Temporary (3-7 d) SEMS placement was associated with significantly higher clinical remission rates in all follow-up periods (up to > 10 years). Notably, the long-term efficacy of SEMS seems to be comparable with that of LHM. Although of no statistical significance, complications like chest pain and bleeding were more common in the SEMS group, whereas stent migration occurred in 5.3% of patients
 ADDIN EN.CITE 
[46]
. Additionally, the same medical group showed prospectively that temporary SEMS with a diameter of 30 mm achieved significantly higher clinical remission rates after more than 10 years of follow-up as compared to patients treated with PD with a 30 mm balloon or SEMS with diameters of 20 or 25 mm (83.3% vs 0%, 0% and 28.6%, respectively). Surprisingly, the clinical remission rate with PD in the long-term was extremely poor suggesting a possible study limitation
 ADDIN EN.CITE 
[47]
.  
The only study that compares BTI and SEMS for the treatment of achalasia has been published by Cai and colleagues in 2013. A partially-covered SEMS 25 mm in width was applied and retrieved after 4 wk. The mean duration of follow-up was 28 mo (range 10-36 mo). Based on the results, the patients in the SEMS group achieved significantly better improvements regarding global symptoms scores, dysphagia and LES pressure. Moreover, differences in remission rates after 12 mo gained statistical significance favoring SEMS placement. No adverse events were observed in the BTI group, whereas 13 episodes of chest pain, 9 cases of regurgitation and 4 stent migrations were captured in the SEMS group
 ADDIN EN.CITE 
[48]
. 
SEMS IN THE NEW ERA 
Achalasia treatment should be individualized taking into account both patients characteristics and available expertise. Although current established treatments are effective, emerging techniques such as SEMS placement are being developed, as presented. Nevertheless, what could be the exact position of SEMS in the therapeutic plan of achalasia, especially in the era of very promising interventions like POEM?

As shown in Figure 3, temporal placement of wide, partially covered SEMS could potentially serve as an alternative first-line treatment in both low and high surgical risk patients. This could be of great value mainly for the latter ones, given that the unique currently recommended treatment option (e.g., BTI) exhibits short-term, only, efficacy. Temporal wide partially covered SEMS may also be preferred for all cases of treatment failures, irrespective of the initial therapy, offering an efficacious, well-tolerated choice. It may be hypothesized, that SEMS could possibly serve on a short-term basis as a bridging therapy until surgery is performed.

One could argue that POEM will eventually predominate in achalasia treatment due to its efficacy and safety profile according to initial studies. However, POEM is still a quite invasive procedure compared to SEMS placement. Additionally, it is by far more technically demanding, requires specific training and can be feasible only in centers of excellence worldwide
 ADDIN EN.CITE 
[49,50]
. General anesthesia requirements, time consumption and cost should be undoubtedly considered. Long-term results and adverse events in patients who have undergone POEM are still pending. Given the above, temporal placement of wide, partially covered SEMS seems able to maintain a role in the management of achalasic patients, even in the advent of POEM. Comparative randomized trials are surely appreciated before achalasia therapeutic algorithm takes its definite form.    
CONCLUSION 
Treatment remains palliative since its neuronal defect seems to be irreversible. In this setting, temporal, wide, partially covered SEMS placement may represent a safe and effective alternative therapy for carefully selected patients. Several technical issues including stent type, stent diameter and length, optimal time for removal and prevention of complications are still open for discussion. Small size of treated population, low quality of studies’ design and the majority of studies performed in Asia also preclude the generalizability of the reviewed evidence. 
Additionally, the advent of self-expandable biodegradable stents used in the management of refractory benign esophageal strictures, as well as drug-eluting stents could provide an area for further innovation, in the field of stents in achalasia. Large, multicenter, randomized trials are warranted –while not always feasible- to elucidate the exact position of stent placement in the therapeutic armamentarium for the different profiles of achalasic patients.     
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Figure 1 Flow diagram of the literature search strategy and valuation of studies identified for review.
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Figure 2 Large-diameter self-expandable metallic stent for achalasia. A: SEMS similar to that used by Coppola et al[43]. Picture is provided by courtesy of Mr. Kuhn D, Micro-Tech Europe GmbH, Dusseldorf, Germany; B:  Niti-S stent. Picture is provided by courtesy of Mr. Bekzat M, TaeWoong Medical, Seoul, South Korea. 
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Figure 3 Proposed therapeutic algorithm for achalasia based on surgical risk. Currently established treatments are in bold. Investigational ones are in italics. Arrows indicate current first-line treatments. Lines binding different treatments indicate management of failures. Dotted lines indicate assumed steps in management, while solid lines the to-date recommended[11]. PD: Pneumatic dilation; LHM: Laparoscopic Heller myotomy; BTI: Botulinum toxin injection; twpcSEMS: Temporal, wide, partially covered, self-expandable metallic stent; POEM: Peroral endoscopic myotomy.
Table 1 Published series using self-expandable metallic stents for achalasia treatment
	Ref.
	Coppola et al[43] (2014)
	Zeng et al[42] (2014)
	Cheng et al[41] (2010)
	Zhao et al[40] (2009)
	De Palma et al[36] (2001)
	Mukherjee et al[37] (2000)
	De Palma et al[35] (1998)

	Baseline characteristics and effectiveness

	Patients, n
	7
	59
	90
	75
	8
	4
	4

	SEMS diameter, mm
	30
	20/25
	20/25/30
	30
	18
	18/20
	18

	Time to removal, days
	6
	30
	4-5
	3-7
	?
	?
	?

	Technical success, %
	100
	100
	100
	100
	100
	100
	100

	Initial remission, %
	100
	100
	100
	100
	100
	100
	100

	Major complications

	Stent migration, n
	0
	4
	14
	4
	4
	1
	0

	Perforation, n
	0
	0
	0
	0
	0
	1
	0

	Bleeding, n
	0
	0
	14
	9
	0
	1
	0

	30-d mortality, n
	0
	0
	0
	0
	0
	1
	0


Table 2 Published comparison studies
	Ref.
	Li et al[47] (2010)
	Li et al[46] (2010)
	Zhu et al[45] (2010)
	Cheng et al[44] (2003)
	Cai et al[48] (2013)

	Compared methods
	PD vs SEMS (20, 25, 30 mm)
	PD vs SEMS (30 mm)
	PD vs SEMS (30 mm)
	PD vs SEMS (permanent, temporary)
	BTI vs SEMS (25 mm)

	Patients, n
	30/30/30/30
	80/75
	38/63
	60/8/65
	51/59

	Technical success, %
	100/100/100/100
	100/100
	100
	100/100/100
	100/100

	Initial remission, %
	100/100/100/100
	100/100
	100
	100/100/100
	94.1/100

	Remission at maximum follow-up, %
	0/0/28.6/83.3
	0/83.3
	42.1/88.9
	10/33.3/85.5
	4.17/49.1

	Major complications
	
	
	
	
	

	Migration, n
	NA/8/4/2
	NA/4
	NA/2
	NA/0/0
	NA/4

	Perforation, n
	0/0/0/0
	0/0
	0/0
	0/0/0
	0/0

	Bleeding, n
	2/3/5/6
	4/9
	3/10
	6/3/8
	0/0

	30-d mortality, n
	0/0/0/0
	0/0
	0/0
	0/0/0
	0/0


PD: Pneumatic dilation; SEMS: Self-expandable metallic stent; NA: Not applicable.
Studies from Pubmed (n = 43)


Studies retrieved from references (n = 1)














Studies excludued (n = 29)


- not in English (n = 2)


         - irrelevant (n = 17)


         - non-humans (n=1)


         - reviews  (n=9)











Potentially relevant studies after detailed assessment (n = 15)





Studies excluded (n = 1)


- senior author’s decision (n = 1)





Eligible studies (n = 14)





Clinical trials (n = 8)





Case reports/series with < 10 patients (n = 6)











