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Abstract
Esophageal achalasia in children is rare but ultimately requires endoscopic or surgical treatment. Historically, Heller esophagomyotomy has been recommended as the treatment of choice. The refinement of minimally invasive techniques has shifted the trend of treatment toward laparoscopic Heller myotomy (LHM) in adults and children with achalasia. A review of the available literature on LHM performed in patients < 18 years of age was conducted. The pediatric LHM experience is limited to one multi-institutional and several single-institutional retrospective studies. Available data suggest that LHM is safe and effective. There is a paucity of evidence on the need for and superiority of concurrent antireflux procedures. In addition, a more complete portrayal of complications and long-term (> 5 years) outcomes is needed. Due to the infrequency of achalasia in children, these characteristics are unlikely to be defined without collaboration between multiple pediatric surgery centers. The introduction of peroral endoscopic myotomy and single-incision techniques, continue the trend of innovative approaches that may eventually become the standard of care.
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Core tip: Laparoscopic Heller myotomy (LHM) is safe and effective in the pediatric achalasia population. Published studies are limited by their retrospective nature and small sample sizes. Further information regarding the need for and type of concurrent fundoplication, a more complete description of complications, and long-term (> 5 years) outcomes is needed. Peroral endoscopic myotomy and the single-incision approach are innovative techniques that may eventually prove to be the standard of care. Herein, we review the available literature on LHM in children with achalasia. 

INTRODUCTION

Achalasia overview and diagnosis

Achalasia is a motility disorder characterized by abnormal esophageal peristalsis and partial or complete failure of the lower esophageal sphincter (LES) to relax during deglutition. The condition was first described in 1674 by physician and neuroanatomist Sir Thomas Willis of England[1,2]. It is an uncommon diagnosis with an overall incidence of 1.6 per 100000 individuals[3]. Less than 5% of patients present under the age of 15[4,5]; the childhood incidence is only 0.11 per 100000[6]. The etiology of achalasia is not fully understood but it may result from degeneration of neurons in the esophageal wall[1,7]. Associations with Down syndrome and Chagas disease have been described[8]. Between 0.5% and 7% of children with Down syndrome have been found to have achalasia[8,9]. Children with the autosomal recessive Allgrove syndrome (triple A syndrome) suffer from alacrima, achalasia, ACTH-insufficiency, autonomic dysfunction, and neurodegeneration[10]. These patients initially present with alacrima but achalasia is generally the first symptom which prompts pursuit of medical attention and diagnosis[11].

Clinical suspicion for achalasia should be raised in children with dysphagia to solids and liquids and regurgitation of undigested food or saliva[12]. Symptoms may progress to chest pain, emesis, aspiration, weight loss, and failure to thrive[8]. Table 1 summarizes common symptoms and associated conditions of achalasia in children. Manometry is the most sensitive diagnostic tool[13] characterizing incomplete or complete absence of LES relaxation with concurrent distal esophageal aperistalsis. For patients with equivocal motility testing, a barium esophagram will reveal a proximally dilated esophagus with distal tapering (Figure 1), the classic “bird-beak” appearance[14]. An abnormal esophagram should be followed by upper endoscopy, to rule out a structural abnormality such as a Schatzki ring or congenital cartilaginous stricture[15]. Newer methodologies for diagnosis include high-resolution manometry (HRM) and multichannel intraluminal impedance pH monitoring (MII-pH); both of which can offer additional physiological details in diagnostic dilemmas[16]. Specifically, HRM can plot the pressure generated by the esophagus, creating a topographical map which allows classification of achalasia into additional subtypes (Ⅰ-Ⅲ)[16]. This information can then be used to provide tailored treatment. Using a series of electrodes, MII-pH can measure the intraluminal impedance of a food bolus[16]. In general, HRM and MII-pH are not necessary if manometry is diagnostic.

Achalasia treatment overview

Treatment options for achalasia include pharmacological, endoscopic, or surgical methods. The primary goal is to decrease the pressure gradient across the LES. Calcium channel blockers are the most common pharmacological agents but their use in children is discouraged due to short-term effectiveness and concerning side effects[16-19]. 

Few reports focus on the endoscopic injection of botu​linum toxin for achalasia in the pediatric population; however available data suggest the duration of thera​peutic effect is short-lived and may be beneficial as a bridge to more definitive treatment modalities[16,20-22]. Randomized controlled trials (RCT) in adults confirm that laparoscopic surgical esophagomyotomy (Heller myotomy, LHM) is as safe, more durable[23], and similar in cost long-term[24], than injection of botulinum toxin.

Endoscopic pneumatic dilation (EPD) for achalasia in children has been described for many decades. Older reports identified favorable efficacy and durability[4,25-29] as the reason for EPD as the initial procedure of cho​ice[4,27-30]. More recent literature with longer follow-up is mixed; some data suggest high rates of symptom recurrence necessitating repeat EPD[17,31], while one study found an 87% overall 6-year success rate[32] in children. In adults, a 2011 RCT reported equivalent therapeutic success of LHM and EPD at 2 years[33]. Recent meta-analyses however, established that LHM results in few adverse events and higher rates of response compared to EPD[34] and all other treatments[35]. 

Based on the aforementioned literature, it is clear that randomized trials are needed to differentiate the effectiveness and resilience of EPD and LHM in children. Despite the lack of conclusive evidence, refinement of laparoscopic techniques in pediatrics, low complication rates associated with LHM, and high rates of success have shifted treatment preferences toward LHM[17]. Herein, we aim to provide an overview of laparoscopic esophagomyotomy for achalasia in children and examine the current literature on this procedure.

PROCEDURE DETAILS
Evolution from open to laparoscopic esophagomyotomy

Heller et al[36] performed the first esophagomyotomy in 1913 via an open transabdominal approach and completed anterior and posterior myotomies on the distal esophagus (Figure 2A). The operation has undergone gradual modification including restriction to only an anterior myotomy[37], either a transthoracic or transabdominal approach[38], and the addition of antireflux procedures to the transabdominal method[39]. However, the past three decades have witnessed the development of minimally invasive (MIS) approaches that have led to significant change in the management of achalasia in adult and pediatric patients. The first minimally invasive Heller myotomy (MIS-HM) was performed by Shimi et al[40] via laparoscopy in 1991 on a 30-year-old female. This patient was discharged on postoperative day (POD) #3 and was symptom-free at 3 mo. Pellegrini et al[41], then adapted the procedure for a thoracoscopic approach (THM) and this was well tolerated in 17 patients, with two conversions to open for mucosal lacerations. Dysphagia did not improve in the initial 3 patients however follow-up surgery extended the myotomies distally with favorable results. Originally, THM was the MIS procedure of choice and only patients with previous myotomies or thoracotomies underwent a laparoscopic operation[42]. However, in the mid-1990s, groups began comparing THM and LHM and indicated that LHM with partial fundoplication led to reduced perioperative pain, shorter length of stays (LOS), less conversions to open procedures, improved relief of dysphagia and lower incidence of postoperative reflux[43]. The risk of an incomplete myotomy with THM[44], as well as the addition of an antireflux fundoplication by laparoscopy[45,46] were two key features that led to LHM gradually becoming the standard of care[47].

Operative steps for esophagomyotomy
Some surgeons prefer that patients are limited to a liquid diet for 1-2 d preoperatively to minimize the amount of debris in the esophagus[48]. After induction of general anesthesia, we perform esophageal suctioning prior to intubation to prevent the risk of aspiration. Patients are positioned in a modified lithotomy position and secured to the operating table such that there is low risk of slippage when placed in steep reverse Trendelenburg. An orogastric tube is placed and the surgeon stands between the legs of the patient (Figure 3). A total of 4-5 trocars are placed and similarly positioned as in an antireflux procedure (Figure 4). In adults, the port immediately cephalad to the umbilicus is typically used for the camera (30° laparoscope), whereas a transumbilical location is preferred in children. The remaining ports are utilized for retraction, dissection, and laparoscopic suturing. The size, location and role of each port is based on the child’s size and body habitus as well as surgeon preference[16,48-52].

Once pneumoperitoneum is established and all ports are placed, the operation is begun by cephalad retraction of the liver and incision of the gastro-hepatic ligament to identify the right crus of the diaphragm (Figure 5). The peritoneum and phrenoesophageal membrane are divided and dissection is carried across the anterior midline to identify the left diaphragmatic crus. Dissection is continued cephalad, staying anterior and lateral to expose 6-7 cm of the lower thoracic and abdominal esophagus. Care must be taken to identify and preserve the anterior and posterior vagus nerves. If an anterior (Dor) fundoplication is planned, further posterior dissection is not necessary. If a hiatal hernia is present, the crura are re-approximated posterior to the esophagus using interrupted sutures. For children undergoing fundoplication, the stomach is mobilized by dividing the short gastric vessels along the greater curvature from its midpoint to the angle of His.

To begin the myotomy, the esophageal fat pad is removed and the gastroesophageal junction (GEJ) is exposed. An esophageal dilator or bougie is placed transorally, to assist in splaying of the muscle fibers and to provide support during the myotomy. Traction is applied caudad and to the patient’s left, to expose the anterior surface of the esophagus. The myotomy is performed at the 11 o’clock position, typically using hook electrocautery (Figure 6). Many surgeons prefer to separate the longitudinal and circular muscle fibers of the esophagus bluntly after initial scoring sharply with electrocautery (Figure 7) or with other energy devices such as ultrasonic shears. The myotomy is then extended approximately 6 cm cephalad onto the esophagus, across the GEJ, and 2-3 cm onto the stomach (Figure 2B). Disruption and appropriate separation of muscle at the GEJ is often difficult due to decussation of the esophageal and gastric muscle fibers. The relationship between recurrence of dysphagia and length of myotomy extension onto the stomach is discussed in subsequent sections. While completing the myotomy, great care should be taken to avoid injury to the newly exposed mucosa. Previous Botox injections or EPD, prior to LHM may lead to scarring near the GEJ and portend a higher theoretical risk of perforation[48,53,54]. Post-surgical data is mixed about this increased risk; at least one study suggests the risk is higher[55] but others have shown there is no difference[56,57]. If a perforation is suspected, it can be confirmed with endoscopy or esophageal water submersion and orogastric air insufflation. Mucosal disruptions are typically repaired in a primary fashion with interrupted absorbable suture. 

Operative steps for partial fundoplication
The options for an antireflux procedure include a partial or complete fundoplication. Most surgeons favor a partial fundoplication due to the risk for high LES pressures and progression of esophageal dilation when a full 360° wrap is performed[16,48-51,56-59].

If a 180° anterior (Dor) fundoplication (Figure 8) is planned, the short gastrics are divided and the gastric fundus is completely mobilized. In total, 2 rows of sutures between stomach and esophagus are used. The first row of 3 sutures is placed along the left esophageal wall. The cephalad-most stitch is triangular and incorporates the left diaphragmatic crus, the left side of the esophageal wall and the gastric fundus. The 2nd and 3rd stitches incorporate the fundus and left esophageal wall only. The more lateral portion of the fundus is then placed over the myotomy and is secured to the right esophageal wall in a similar fashion, utilizing a triangular stitch in the most cephalad position. The 2nd and 3rd stitches incorporate the fundus and right esophageal wall only. An additional 2-3 stitches are then placed from the anterior gastric fundus to the rim of the esophageal hiatus to relieve tension from the right-sided sutures.

To complete a 270° posterior (Toupet) fundoplication, the gastric fundus is mobilized as above. The fundus is then passed posterior to the GEJ junction (Figure 9) to be secured to the right crus of the diaphragm (1-3 stitches) and the right edge of the myotomy (3 stitches). This is then repeated on the left esophageal wall (Figure 10).

Operative time, postoperative care, and cost

Published mean operative times for LHM with an antireflux procedure in children range from 120-190 min[17,52,54,60-65]. Although there is some variation in hospital and surgeon postoperative LHM protocols, patients are often allowed to have sips of water or clear liquids on the day of surgery[51,64,66] and an advancing diet beginning on POD #1[48-51,66] or #3[52,63,64]. Discharge often occurs on POD #3 or #4 (range POD 1.5-8)[52,61-64,67]. At our institution, we begin an oral diet on the day of surgery and discharge children between POD #1-3 contingent on pain and dietary tolerance. Differences in institutional and surgeon experience with LHM likely explain the wide ranges reported in operative time and LOS.

To date, there is no description of associated hospital charges or cost of LHM for children in the literature. At our institution, the estimated average charge for LHM alone (without consideration of fundoplication or hospital stay) is $5277. In the adult literature, a study by Shaligram et al[68] reported an average hospital cost of $7441 for LHM with an antireflux procedure (exclusive of hospital stay) and that this cost was significantly lower than the open or robotic approach.
OUTCOMES
Overview

In general, outcomes of pediatric laparoscopic esophag​omyotomy to relieve dysphagia have been favorable. The majority of data is based on small, single-center experiences with published success rates ranging from 43%-100%[6,17,52-54,60,62-64,66,67,69-72]. The adult literature suggests success rates in the 80% range[16,73-75]. It is important to note however, that the definition of “success” has not been fully delineated. Some reports classify treatment as effective only if patients did not have any dysphagia recurrence at the longest available follow-up. Others believe success was achieved if reoperation was not necessary, even if other adjunctive treatments such as EPD were required postoperatively. Unfortunately, long-term outcome data (> 5 years) is sparse. 

The two main postoperative complications available in the pediatric LHM literature are recurrence of dysphagia and symptoms of gastroesophageal reflux (GER). A summary of these and all intraoperative complications reported is provided in Table 2. 

Effectiveness of LHM and adequate myotomy

The three largest pediatric LHM studies in the literature consist of 26[67], 28[53], and 31[62] patients. We published our experience with this procedure in 2009. Seven (27%) of the 26 children who underwent LHM at our institution had symptom recurrence within 5 years[67]. Among these 7 patients, 3 underwent a second LHM, 3 received EPD and/or injection of botulinum toxin[67], and 1 patient had an unspecified procedure at a different institution. The 3 patients who underwent reoperation had extension of the myotomy proximally and/or distally. Similarly, in a United Kingdom based study by Pachl et al[53], 8 of 28 children required additional intervention within 3 years; 7 underwent EPD, of which 4 ultimately had a reoperation. The 8th patient proceeded directly to reoperation without EPD. Reoperative patients had revisions or extensions of the original myotomy[53]. Esposito et al[62] published a 3-center experience in 2013 and found 5 of 31 children experienced recurrent dysphagia after LHM. Among these 5 patients, 2 had spontaneous resolution, 2 underwent EDP, and 1 underwent reoperation. 

These results highlight the importance of performing an adequate myotomy. In a study by Tannuri et al[65], 15 children underwent LHM with a myotomy that extended 3-4 cm onto the stomach in contrast to the generally recommended 2-3 cm. Among these patients, 3 deve​loped dysphagia; 2 cases resolved spontaneously and 1 patient required a single botulinum toxin injection. Traditionally, a longer myotomy in adults was thought to portend higher rates of GER (especially if done without an antireflux procedure)[30,65,76] or formation of epiphrenic pseudodiverticula[77]. This has not been definitively proven and continues to be debated with some authors claiming the contrary[44,78]. What is known however, is that the esophageal muscular fibers need to be fully disrupted and the underlying mucosa exposed to prevent recurrence of dysphagia[41]. The development of GER after LHM and data relating to an antireflux procedure are presented in subsequent sections.

Complications

Intraoperative complications during LHM in children include mucosal injury or perforation, aspiration, conversion to an open procedure, and hemorrhage. Mucosal injury and perforation appear to be the most common, with rates ranging from 0%-15% with the majority of studies reporting numbers < 10%[6,17,52-54,62-67,69,71]. Almost all injuries were noted at the time of surgery, however a study by Rothenberg et al[72] did reveal a perforation that was discovered as late as POD #5. If discovered at the time of operation, a perforation should be closed primarily with interrupted absorbable suture[48-50]. Children found to have perforation beyond the initial operative day, all underwent reoperation[52,62,72]. Adult studies reveal similar rates of perforation and conversion to an open procedure[73,74].

In general, rates of adverse events are low when children undergo laparoscopic esophagomyotomy. How​ever, the available studies are nearly all single-center experiences and the largest experience consists of only 31 patients. Heterogeneity between and within studies makes it difficult to draw causal relationships and define etiologies for complications. As evidenced by Table 2, there is a significant amount of missing complication data. Only 2 of the 15 studies included in this review discuss other postoperative events and none report rates of infection. This may represent the relative safety of LHM or may be a reflection of the low numbers of patients. Due to the rarity of achalasia in children, prospective, multi-institutional studies are needed to provide a more comprehensive picture of LHM safety.

COMPARISONS

Laparoscopic vs thoracoscopic Heller myotomy

The available literature reveals a larger experience with LHM than THM as a form of MIS-HM in children. There are few studies which directly compare these two approaches in the pediatric population. Mehra et al[70] reported their experience with MIS-HM in 2001. In this study, 18 of 22 patients underwent LHM compared to 4 patients with THM. Mean duration of hospitalization and mean time to resumption of soft feeds were lower for those undergoing LHM[70]. Similarly, Rothenberg et al[72] found that THM resulted in slightly longer operative times and hospital stay in a study of 9 patients (4 THM, 5 LHM). In a 2011 review article assessing available adult meta-analyses, the authors conclude that LHM results in shorter hospital stays and reduced operative time, but that overall outcomes are similar to THM[79].

The pediatric evidence comparing LHM and THM is not robust but extrapolation from adult studies suggests LHM is superior. Although not explicitly considered in the literature, postoperative pain and the necessity for tube thoracostomy are likely lower in children undergoing LHM. 

The evidence for fundoplication

The need for a concomitant fundoplication during LHM to prevent postoperative GER continues to be debated both in the pediatric and adult populations[17,53]. Among reported pediatric experiences, the study by Corda et al[66] in 2010 included 20 patients, none of whom underwent an antireflux procedure. In this series, no patients suffered from postoperative GER[66]. The authors believe there is a higher chance for recurrent dysphagia when a fundoplication is performed and that it is easier to treat postoperative GER than dysphagia[66]. Interestingly, another study by Pachl et al[53] found that only 1 of 18 patients without an antireflux procedure had postoperative GER compared to 4 of 10 who suffered from symptoms in the fundoplication group. Of the remaining pediatric LHM studies which explicitly discuss this complication, most performed a Dor fundoplication with low rates of postoperative GER[52,54,63-65,67]. 

The adult literature has higher level evidence and appears to favor performance of a partial fundoplication. In a 2004 RCT, Richards et al[59] showed that the incidence of postoperative GER was significantly lower in patients who underwent a Dor fundoplication (9.1% vs 47.6%, p < 0.05). In addition, a recent review article assessing multiple prospective studies, meta-analyses, and RCTs in adults concluded that a partial fundoplication is indicated after Heller myotomy to reduce incidence of GER[80].

Based on the available results, it is not clear whether all children should undergo a concomitant antireflux procedure during LHM. Multi-institutional randomized trials are needed to better answer this question. In the interim, surgeons should treat each patient individually and base the decision to proceed with a fundoplication on preoperative existence of GER or presence of pre​disposing risk factors for GER.

Type of fundoplication

If the decision to proceed with an antireflux procedure is made, the surgeon must decide what type of fundoplication to perform. The main advantage of a fundoplication is to prevent reflux and disadvantages include possible postoperative dysphagia or formation of diverticula. As evidenced in Table 2, the majority of LHM procedures performed in children are anterior or Dor fundoplications and most have favorable results. There are no pediatric studies comparing the various types of fundoplications directly. In the Mayo Clinic experience published in 2009, we found that only 1 out of 23 patients undergoing Toupet fundoplication experienced postoperative GER[67]. In other studies with multiple types of fundoplications[17,63,70], it is not clear if patients suffered from postoperative GER and if they did, which fundoplication group performed better. 

Katada et al[81] reported on 30 adults who underwent a Toupet fundoplication with concurrent LHM. The authors found that this combination helped to straighten the esophagus, reduced LES pressure, and relieved dysphagia[81]. They did find however, that 2 patients developed esophageal diverticula postoperatively. A recent review article assessing multiple prospective studies and RCTs comparing LHM with various types of concomitant fundoplication in adults concluded that a partial fundoplication (Dor or Toupet) were superior based on higher rates of dysphagia and slightly lower rates of GER when a full (360° Nissen) fundoplication was performed[80].

There is an obvious paucity of data to definitively recommend one type of antireflux procedure over another when performing LHM in children. Due to low rates of GER and complications found with various types of fundoplication, a multi-institutional RCT would be a valuable and feasible method to better understand this component of the LHM operation.

FUTURE DIRECTIONS

Peroral endoscopic myotomy

In the last decade, a new approach to performing esophageal myotomy has been gaining interest and attention. Peroral endoscopic myotomy (POEM) was developed as a multi-institutional endeavor and initially described in 2007 after performance on pigs[82]. It is performed entirely endoscopically. A small incision is made in the esophageal mucosa and a balloon dilator is passed into the submucosal space and inflated[82]. Following this, the esophageal muscular fibers are separated with electrocautery and once the myotomy is complete, the small incision in the mucosa is closed with endoscopic clips or suturing[82]. The major advantage of this technique is that it is incision-free and performed through a natural orifice. Since 2007, a number of small studies have been published on the human experience. A recent “white paper summary” found that therapeutic success was achieved in greater than 80% of these patients, self-limited adverse events occurred in < 10% of cases, and rates of post-procedure GER ranged from 20%-46%[83].

To date, 3 studies have assessed peroral endoscopic myotomy in pediatric achalasia patients[52,84,85]. The first published report was in a 3-year-old female with severe developmental issues in which total operative time was 198 min[85]. There were no intraoperative or postoperative complications and the patient remained symptom-free at 1-year follow-up[85]. A 2013 study completed the procedure on 3 patients with a mean age of 9.6 years in an average of 60 min[84]. One patient had a small perforation of the mucosal flap and all 3 were discharged 4-7 d post-procedurally[84]. One-year follow-up on 2 patients revealed that they remained symptom-free; the third patient was 1 mo post-procedure at the time of publication and also had no symptoms. The most recent and largest POEM study in children included a total of 9 patients and compared their outcomes directly with 9 patients undergoing LHM[52]. The authors found that mean operative time was significantly lower (62 min vs 149 min, p < 0.01), myotomy length was longer (11 cm vs 7 cm, p = 0.26), postoperative oral intake occurred sooner (POD #2 vs POD #3, p < 0.01), and hospital stay was shorter (4.1 d vs 6 d, p < 0.01) in patients undergoing POEM[52]. Operative and postoperative complications (mucosal perforation, GER) were similar, however, 2 patients in the LHM group had recurrence of dysphagia and 1 POEM patient required evacuation of a pneumoperitoneum during the procedure[52].
Although the POEM experience for children with achalasia is limited, preliminary data suggests that it may be a viable and safe option when performed under experienced hands. Further studies are needed and ongoing.

Single incision LHM

Single-incision laparoscopic surgery for children has been gaining attention over the last 20 years[86]. A number of procedures have been performed via 1 incision including appendectomy, cholecystectomy, colonic resections, pyloromyotomy, nephrectomy, and many others[86]. In 2011, Kobayashi et al[87] reported their experience with single incision LHM (SI-LHM) in a 9-year-old boy. Operative time was 273 min, LOS was 8 d, and the patient had complete resolution of dysphagia with no symptoms of GER[87]. Although further studies are necessary, this may be an additional operative approach to consider for children with achalasia. 
CONCLUSION

Laparoscopic Heller myotomy has become the preferred treatment for pediatric patients with achalasia. Existing literature is limited to small retrospective studies. Available data suggest that LHM is safe and effective in children. A number of related issues are yet to be definitively proven. The need for and type of concurrent fundoplication, a more comprehensive description of complications, and long-term (> 5 years) outcomes information are poorly defined and require additional evaluation. Due to the rarity of achalasia in children, these characteristics will require collaboration between multiple pediatric surgery centers and should be performed in a prospective randomized fashion when appropriate. Finally, the advent of POEM and SI-LHM techniques could ultimately change the approach chosen for esophagomyotomy and may become the standard of care in the future.
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FIGURE LEGENDS
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Figure 1  “Bird-beak” esophagram. Barium esophagram of a 16-year-old male demonstrating a dilated proximal esophagus with smooth tapering distally; findings consistent with achalasia.
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Figure 2  Esophageal myotomies. A: The original Heller myotomy, consisting of both anterior and posterior disruption of esophageal fibers; B: The most commonly performed Heller myotomy, with extension onto the stomach for 2-3 cm; C: Heller myotomy with minimal extension onto the stomach.
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Figure 3  Patient positioning and operating room setup. The patient is placed in the modified lithotomy position and the surgeon stands between the patient’s legs. First and second assistants are to the right and left of the patient.
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Figure 4  Trocar placement. Example trocar arrangements. A: Laparoscope; B: Babcock clamp or instrument to divide short gastrics; C: Liver retractor; D and E: Ports for dissecting and suturing; E: Electrocautery or ultrasonic shears for myotomy. The laparoscope is generally placed through a transumbilical port in children. The remaining ports are usually placed more caudad than in adults, with variable size (3 mm or 5 mm, rarely 10 mm), location, and function depending on patient body size/habitus and surgeon preference. 
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Figure 5  Incision of the gastrohepatic ligament. After retraction of the liver cephalad, the gastrohepatic ligament is incised and the lesser sac is entered. Blunt dissection is used to first identify the right crus of the diaphragm.
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Figure 6  Myotomy with hook cautery. Electrocautery is used to begin the myotomy. It is performed at the 11 o’clock position on the anterior surface of the esophagus, taking care to avoid injury to the overlying vagus nerve. Once the submucosa is visible, blunt dissection is then typically employed to fully expose the mucosa. 
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Figure 7  Myotomy with sharp and blunt dissection. Sharp and blunt dissection avoid the risk of thermal injury to the mucosa during myotomy.
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Figure 8  Anterior (Dor) fundoplication. The anterior (Dor) fundoplication is the most common fundoplication performed in children undergoing laparoscopic Heller myotomy. The fundus of the stomach is rolled over the myotomy and secured to the right and left edges of the cut esophageal muscle and crura. The myotomy is concealed. Additional stitches are placed from the anterior gastric fundus to the rim of the esophageal hiatus to relieve tension from the right sided sutures.
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Figure 9  Passing gastric fundus posteriorly for Toupet fundoplication. A: Once the fundus is fully mobilized, it is handled by passing a grasper from right to left, posterior to the esophagus and gastroesophageal junction; B: The fundus is then pulled to the right and toward the right cut edge of the myotomy. 
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Figure 10  Posterior (Toupet) fundoplication. The stomach is secured to the right and left crura as well as the right and left cut edges of esophageal muscle, completing the posterior fundoplication. The myotomy remains exposed.
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Table 1  Achalasia symptoms and associated conditions in children


Symptoms


�
�
  Progressive dysphagia


�
�
  Vomiting


�
�
  Weight loss


�
�
  Regurgitation 


�
�
  Aspiration


�
�
  Chest pain


�
�
  Failure to thrive


�
�
Associated conditions


�
�
  Allgrove syndrome (triple A syndrome)


�
�
  Down syndrome


�
�
  Chagas disease


�
�






Table 2  Complications


Year


�
Ref.


�
LHM children (n)


�
Fundoplication (n)


�
Intraoperative complication (n)


�
Postoperative complication (n)


�
�
�
�
�
�
Mucosal injury or perforation


�
Aspiration Event


�
Conversion to open


�
Hemorrhage event


�
Recurrence of dysphagia


�
Symptoms of gastroesophageal reflux


�
Other


�
�
1996


�
Holcomb et al[69]


�
2


�
None


�
0


�
-/-


�
-/-


�
-/-


�
0


�
-/-


�
-/-


�
�
2001


�
Mehra et al[70]


�
18


�
8 Dor, 8 Toupet, 2 Nissen


�
2


�
-/-


�
2


�
-/-


�
a


�
a


�
-/-


�
�
2001


�
Patti et al[54]


�
13


�
12 Dor, 1 none


�
0


�
0


�
0


�
0


�
0


�
1


�
-/-


�
�
2001


�
Rothenberg et al[72]


�
5


�
4 Dor, 1 Toupet


�
1 (identified POD #5)


�
0


�
0


�
0


�
b


�
b


�
-/-


�
�
2003


�
Mattioli et al[64]


�
20


�
20 Dor


�
1


�
-/-


�
-/-


�
1


�
4


�
0


�
-/-


�
�
2007


�
Garzi et al[63]


�
12


�
6 Thal, 6 Dor


�
1


�
-/-


�
-/-


�
-/-


�
0


�
-/-


�
3 pts w/odynophagia


�
�
2007


�
Paidas et al[71]


�
14


�
14 Dor


�
1


�
-/-


�
-/-


�
-/-


�
a


�
a


�
-/-


�
�
2009


�
Pastor et al[17]


�
14


�
11 Nissen, 3 unknown


�
2 (1 identified on unspecified POD)


�
-/-


�
2


�
-/-


�
b


�
b


�
-/-


�
�
2009


�
Askegard-Giesmann et al[67]


�
26


�
2 Dor, 23 Toupet, 1 


none�
2


�
1


�
0


�
0


�
7


�
1


�
-/-


�
�
2010


�
Corda et al[66]


�
20


�
None


�
3


�
-/-


�
4


�
1


�
5


�
0


�
-/-


�
�
2010


�
Lee et al[6]


�
7


�
4 Dor, 1 Nissen, 2 none


�
-/-


�
-/-


�
-/-


�
-/-


�
-/-


�
-/-


�
1 pt w/DVT


�
�
2010


�
Tannuri et al[65]


�
15


�
15 Dor


�
0


�
0


�
1


�
0


�
3


�
0


�
-/-


�
�
2000


�
Esposito et al[60]


�
31


�
31 Dor


�
3 (1 identified POD #2)


�
-/-


�
-/-


�
-/-


�
5


�
-/-


�
-/-


�
�
2014


�
Pachl et al[53]


�
28


�
9 Dor, 1 Nissen, 18 none


�
1


�
-/-


�
-/-


�
-/-


�
8


�
4


�
-/-


�
�
2015


�
Caldaro et al[52]


�
9


�
9 Dor


�
1 (identified POD #1)


�
-/-


�
-/-


�
-/-


�
2


�
1


�
-/-


�
�
-/-: Not explicitly stated in the study; a: Complication reported as average score or unclear description of number; b: Multiple myotomy approaches (laparoscopic, thoracoscopic, etc.) utilized in study cohort with unclear delineation of complications between groups; LHM: Laparoscopic Heller myotomy; DVT: Deep venous thrombosis.
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