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Abstract. Achalasia is an esophageal motor disorder that is rare 
in children. While the condition is uncommon, it is especially 
difficult to diagnose in pediatric patients; however, the ability 
to form a diagnosis has progressed markedly with the advent 
of esophageal high‑resolution manometry (HRM). The aim 
of the present study was to highlight particularities of the 
diagnosis, based on esophageal HRM, as well as the treatment 
of achalasia in children. The current study analyzed cases 
of achalasia from a single pediatric tertiary center, Clinical 
Emergency Hospital for Children (Cluj‑Napoca, Romania). 
The clinical data and the results of the investigations of seven 
children with achalasia, the first children to be evaluated using 
esophageal HRM in the center, were reported. The patients 
were aged between 11 and 18 years. All the patients were 
newly diagnosed with achalasia, except for one. The dura‑
tion of symptoms was between 4 months and 2 years in the 
newly diagnosed patients. All the patients were assessed with 
conventional esophageal manometry and/or esophageal HRM. 
A multidisciplinary team contributed to the diagnosis and the 
management of achalasia. A total of 4 children diagnosed with 

type II achalasia were treated with peroral endoscopic myotomy 
(POEM) and 3 of the patients were treated with pneumatic 
dilations. Overall, achalasia is a rare but challenging condi‑
tion in children. A diagnosis starts with a clinical suspicion 
based on swallowing disorders and upper digestive endoscopy, 
and is confirmed by esophageal HRM. Therapy should be 
adapted to the type of achalasia, the age of the children and 
the severity. In the present study, a relatively recent treatment 
option, POEM, was applied in pediatric patients with minor 
immediate adverse events. The report of these cases adds to 
the limited experience of using HRM and POEM in children 
with achalasia.

Introduction

Achalasia is a neurodegenerative disease affecting the 
inhibitory neurons in the myenteric plexus, which synthesize 
nitric oxide and vasoactive intestinal peptide The inhibitory 
neurons in the muscular layer of the esophagus are affected by 
chronic inflammation and/or an autoimmune process, which 
leads to aganglionosis (1). The consequence of this defect 
is the incomplete relaxation and high pressure of the lower 
esophageal sphincter (LES) and the impaired peristalsis of the 
esophagus (2).

Over time, technical advances have allowed a shift from 
conventional esophageal manometry to high‑resolution 
manometry (HRM) devices, increasing the diagnostic accu‑
racy in esophageal motor disorders (3). By increasing the 
number of recording sites and reducing the space between 
them, either by water‑perfused catheters or incorporated pres‑
sure sensors, esophageal HRM offers a functional mapping of 
the esophagus (3). HRM has been successfully used in adults, 
and it has led to the Chicago Classification (CC) of esophageal 
motor disorders (3). Soon after the studies in adults, pediatric 
studies followed (2). However, the small number of cases in 
the pediatric population makes it more difficult to standardize 
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this procedure (2). HRM is a valuable tool in this age group, 
being easily and quickly performed, with good accuracy in 
identifying abnormal esophageal motor patterns (2).

The management of achalasia in children depends on the 
clinical experience and available diagnostic investigations in 
different centers (4). Access to esophageal HRM is still lacking 
in numerous parts of the world. In the past year, the Clinical 
Emergency Hospital for Children (Cluj‑Napoca, Romania) had 
the opportunity to collaborate with colleagues from an adult 
gastroenterology department in order to diagnose achalasia in 
suspected pediatric cases using esophageal HRM.

The most effective therapeutic options in children with 
achalasia are pneumatic dilation and Heller myotomy (laparo‑
scopic or classic) (2). Peroral endoscopic myotomy (POEM) is 
a relatively new procedure that is being used more frequently 
in children (2); however, there are only a few centers in the 
world where this treatment procedure is available (4).

The present study aimed to analyze the data from the 
first children diagnosed with achalasia using esophageal 
HRM, thanks to a collaboration between the Third Pediatric 
Department, Clinical Emergency Hospital for Children and 
the Gastroenterology Department, Second Medical Clinic, 
Emergency Clinical County Hospital, in Cluj‑Napoca, 
Romania. A series of 7 cases is reported, which were evalu‑
ated between March 2021 and May 2022. The clinical data and 
results of the investigations are reviewed. All patients were 
assessed using conventional manometry and/or esophageal 
HRM. Both types of investigation were performed without 
sedation of the patients, after a fasting period of 8 to 12 h. We 
also present the treatment procedures applied in these patients 
and the immediate complications after the treatment.

Case series

Patients. The patients included in this study were sent to the 
Third Pediatric Department, Clinical Emergency Hospital 
for Children, Cluj‑Napoca from all across Romania with the 
suspicion of achalasia. The present study included pediatric 
patients diagnosed with achalasia with HRM and to which a 
treatment procedure was already applied after being diagnosed 
with HRM. Patients who were not assessed with HRM and 
were only diagnosed based on conventional manometry were 
excluded. In addition, patients who were not yet treated after 
being diagnosed with HRM were excluded from the study.

Clinical data. Table I describes the clinical and demographic 
data of the patients. All the patients were newly diagnosed with 
achalasia, except for case 4 who had been previously diagnosed 
and was admitted to the Third Pediatric Department, Clinical 
Emergency Hospital for Children, 2 months after treatment 
with bougie dilation.

In all patients, the Eckardt score was calculated (5). This 
score assesses the presence and frequency (occasionally, daily 
or after each meal) of dysphagia, regurgitation and chest pain, 
and the weight loss (<5, 5‑10, and >10 kg) (5). For each param‑
eter and its severity, the patients received a score between 0 
and 3. The maximum value of the Eckardt score is 12 (5).

The male patient described as case 1 first presented with 
dysphagia for solids and then for fluids. No weight loss was 
recorded and development had been normal. The patient had 

been diagnosed with bronchial asthma at 2 years of age and 
had no family medical history of digestive or autoimmune 
diseases.

The female patient described as case 2 had experienced 
weight loss of 6 kg in the 7 months since symptom onset. No 
data regarding any significant family health history was found, 
and there was no previous personal medical history.

Regarding the male patient described as case 3, the patient's 
mother had autoimmune thyroiditis with hyperthyroidism and 
vitiligo. The antithyroid peroxidase antibodies of the patient 
were slightly increased, yet normal thyroid function was 
recorded.

Case 4 was a male patient previously diagnosed with auto‑
immune thyroiditis. A diagnosis of achalasia had been made 
2 years before presenting to the department. The patient was 
treated using bougie dilation, but dysphagia, regurgitations 
and thoracic pain reappeared 2 months after this procedure. 
No weight loss was exhibited and none of the family members 
had been diagnosed with chronic diseases.

In the patients described as cases 2 and 4, total antinuclear 
antibodies were assessed, and the results were negative.

Cases 5, 6 and 7 had no family medical background or 
personal medical history of autoimmune disorders. The 
male patient described as case 5 had experienced weight loss 
of 3 kg in 3 weeks. The female patient described as case 6 
had experienced weight loss of 15 kg in 6 months, and had 
the highest Eckardt score (5) of all of the patients. The male 
patient described as case 7 also presented with weight loss of 
4.5 kg in 6 months.

Investigations. The neutrophil to lymphocyte ratio was calcu‑
lated in all patients, by dividing the neutrophil count by the 
lymphocyte count. Normal ranges were considered between 
0.99 and 1.76 (6). The ratio was assessed based on the results of 
the complete blood count obtained in the evaluation preceding 
treatment. Venous blood samples were collected from the 
patients in tubes with dipotassium ethylenediamine tetraacetic 
acid (concentration, 1.2‑2.0 mg/ml blood). The complete blood 
count parameters were analyzed by an automatic hematological 
analyzer, the LabXpert 6800 (Shenzhen Mindray Bio‑medical 
Electronics Co. Ltd.). The results are included in Table I. The 
mean ± SD value of all patients was 1.99±1.66 and the median 
was 1.47.

All patients were evaluated with a barium swallow, and 
they all presented with a ‘bird's beak’ appearance of the 
esophagus. The dilation of the esophagus was also measured 
in most of the patients, and the maximum value of these 
measurements is included in Table I. All patients underwent 
an upper digestive endoscopy and, in most of them, biopsy 
fragments were taken from the esophagus. The results are 
summarized in Table I.

Conventional esophageal manometry. A total of 4 patients 
were also investigated using conventional esophageal 
manometry. The device used for conventional manometry 
had a water perfusion system and was a Model PIP 48220S5 
(Mui Scientific). The measured parameters were as follows: 
Resting pressure of the LES and upper esophageal sphincter 
(UES); amplitude, duration and length of the peristaltic waves 
in the esophageal body; and relaxation of the LES after wet 
swallows. The resting pressure of the LES in the 4 patients 
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who were initially investigated with conventional esophageal 
manometry ranged between 44 and 50 mmHg, and that of the 
UES ranged between 55 and 80 mmHg. Relaxations of the 
LES were incomplete in all the patients. Patients had absent 
peristalsis in the esophageal body. Low amplitude waves 
were recorded in the esophageal body (20‑30 mmHg). Most 
of these waves were measured with no propagation along the 
esophagus.

Esophageal HRM. Esophageal HRM recordings were 
performed in the Gastroenterology Department, Second 
Medical Clinic, Emergency Clinical County Hospital 
(Cluj‑Napoca, Romania) for all of the aforementioned patients. 
The system used was the ISOLAB HR manometry system 
(Standard Instruments GmbH) attached to a solid‑state cath‑
eter (Unisensor AG) with 36 sensors. The catheter was inserted 
transnasally and positioned with ≥3 sensors in the stomach. 
After a baseline recording of 2 min, 10 wet 5‑ml swallows, 
spaced 30 sec apart, were performed. The manometry was 
performed in the supine position with the thorax angulated 
at 30 .̊ The upper normal limit for integrated relaxation pres‑
sure (IRP), measured using the Unisensor AG probe, was set 
at 28 mmHg, according to the CC of esophageal motility disor‑
ders v3.0 criteria used at the time of diagnosis (5). The main 
parameters measured during esophageal HRM (Table II) were 

IRP and the number of swallows followed by pan‑esophageal 
pressurization.

Cases 1‑3 and cases 5 and 6 had increased resting LES 
pressure, increased IRP and pan‑esophageal pressurization, 
and were classified as having type II achalasia based on the 
CC v3.0 classification of esophageal motility disorders. A 
representative wet swallow recorded for case 1 is presented 
in Fig. 1, and several swallows of case 2 are presented in 
Figs. 2 and 3. In the fourth case (Fig. 4), esophageal HRM was 
performed after endoscopic dilation. In this case, the resting 
LES pressure was normal, the IRP was at the upper normal 
limit (28 mmHg) and there was no pan‑esophageal pressuriza‑
tion. These measurements would be compatible with type I 
achalasia, according to the CC v3.0 classification, but this 
classification is intended to be used for patients who were not 
previously treated.

The treatment options and immediate complications after 
the treatment are also depicted in Table II.

Patients were/are followed up at 1, 6 and 12 months (for 
patients who were treated more recently, these data are 
incomplete). Clinical data were/are assessed at all visits. 
At 6 and 12 months, the patients were/are evaluated using upper 
digestive endoscopy and esophageal pH/impedance moni‑
toring. In total, 2 patients (cases 2 and 4) were transferred to 

Table I. Demographic, clinical and laboratory data of the patients.

Charateristics Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7

Demographic data       
  Age, years 13 17 11 17 14 13 17
  Sex Male Female Male Male Male Female Male
Clinical variables       
  BMI (percentile, Z score), 20.1 17.5 22.7 20.2 13.5 17.0 19.9
  kg/m2 (69th, 0.50) (6th, ‑1.54) (93rd, 1.47) (29th, ‑0.54) (0, ‑3.98) (22nd, ‑0.79) (30th, ‑0.51)
  Disease evolution, months 4 7 12 24 12 24 6
  Chest pain Yes No Yes Yes No Yes Yes
  Dysphagia for solids Yes Yes Yes No Yes Yes Yes
  Dysphagia for liquids Yes Yes Yes Yes Yes No Yes
  Regurgitations Yes Yes Yes Yes Yes Yes Yes
  Heartburn Yes No No Yes No Yes No
  Cough No Yes No No No Yes No
  Weight loss No Yes No No Yes Yes Yes
  Eckardt score 6 6 5 5 7 11 6
Laboratory data and       
preoperative diagnostic       
studies       
  Neutrophil to lymphocyte 1.15 5.39 2.82 1.47 0.58 0.88 1.66
  ratio
  Barium swallow‑dilation 40.0 30.0 50.0 37.0 ‑a ‑a 34.8
  of the esophagus, mm       
  Histopathology exam of No changes 3rd grade Esophageal 1st grade Not  1st grade 3rd grade
  the biopsy fragments  esophagitis  candidosis esophagitis  performed esophagitis esophagitis
  from the esophagus       

aIn two of the patients the dilation of the esophagus was not measured. BMI, body mass index.
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an adult gastroenterologist within 5 and 4 months, respectively, 
after the procedure due to Romanian legislation only allowing 
a pediatrician to follow patients until 18 years of age. Since the 
results of the follow‑up assessments are yet to be available for 
all of the patients, they were not reported in the present study.

The present study was approved by the Ethics Committee 
of ‘Iuliu Hațieganu’ University of Medicine and Pharmacy 
(Cluj‑Napoca, Romania) and written informed consent was 
obtained from both the parents of the patients and the patients 
themselves.

Discussion

Achalasia is an uncommon esophageal motor disorder that 
is rare in children (2). Although, its diagnosis has progressed 
markedly with the advent of esophageal HRM, there are 
few centers globally in which there is experience with new 
investigation methods and treatment options in children with 

achalasia (4). Therefore, the aim of the present study was to 
highlight the particularities of the diagnosis of pediatric acha‑
lasia based on esophageal HRM, as well as its treatment, by 
contributing data from a series of cases recruited from across 
Romania.

The CC of esophageal motility disorders is based on the 
changes of the parameters assessed by HRM (3). However, the 
CC was conceived for adults, and there is still debate as to 
whether it can be applied in children (3).

Evaluating patients using esophageal HRM is essential, 
as the therapeutic approach and prognosis are different in 
the various subtypes of achalasia (3). Certain parameters 
determined in HRM are dependent on the age and length of 
the esophagus (7). A total of 7 patients, aged <18 years, were 
diagnosed with achalasia in our University Center and their 
cases reported in the present study. Evaluation of children with 
HRM was performed in the Gastroenterology Department, 
Second Medical Clinic, Emergency Clinical County Hospital 

Figure 1. Esophageal high resolution manometry image showing a wet swallow (from case 1), with no LES relaxation during the swallow. There was also 
panesophageal pressurization (indicated by the green‑yellow column extending from the UES to the LES). Pressure data are displayed as isobaric contour 
plots resembling topographic plots of geographical elevations (low pressures are represented in blue and high pressures in red). The distance from the nostril is 
depicted on the numbered scale: UES is localized at 16‑19 cm, and the LES is at 36‑39 cm. UES, upper esophageal sphincter; LES, lower esophageal sphincter; 
IRP, integrated relaxation pressure.
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(Cluj‑Napoca, Romania). A total of 6 patients were newly 
diagnosed and had no previous treatment, while one patient 
had already received dilation with bougies (with esophageal 
HRM having been performed after this procedure), but had 
persisting symptoms.

The symptom duration was between 4 months and 2 years 
in the newly diagnosed patients, and 2 years in the patient 
who had already received bougie endoscopic dilation (case 4). 
Dysphagia for solids and liquids was the most frequently 
reported symptom in the patients. Patel et al (8) found that 
weight loss in adult patients was correlated with phenotype, 
as patients with type II disease were more likely to have 
weight loss than type I. It was also noted that patients with a 
longer duration of symptoms did not have any weight loss. It 
was hypothesized that this was due to a lack of adaptation in 
patients with a shorter disease course. In the present study, 3 
of the patients (cases 2, 6 and 7) had weight loss of between 
4.5 and 15 kg in a period of 6‑7 months.

In studies on a large number of patients, Nurko (9,10) found 
that 80% of children present with vomiting (most probably 
regurgitation, but interpreted as vomiting by parents), 76% 
with dysphagia, 61% with weight loss, 44% with respiratory 
symptoms (more frequent in younger ages), 38% with thoracic 
pain, 31% with growth failure and 21% with nocturnal regur‑
gitations. All of the patients in the present study presented 

with dysphagia, a cough was present in 2 patients and 1 patient 
reported bothersome nocturnal regurgitations.

The Eckardt score (5) is used in adult patients to evaluate 
the severity of achalasia. It has been argued that it has been 
developed for adults and that it does not take into consider‑
ation the impact of the disease on growth or insufficient weight 
gain (2,4). The etiology and physiopathology of achalasia 
are not fully understood. Studies showing autoantibodies 
against the myenteric plexus and infiltration of Auerbach's 
plexus predominantly with CD8+ T lymphocytes suggest an 
autoimmune mechanism in patients with achalasia (1). A 
study conducted by Romero‑Hernández et al (11) identified 
an autoimmune disease in 16.7% of the adult patients with 
achalasia, and 68.4% of these patients had a familial history 
of autoimmunity. A positive family background for autoim‑
mune diseases was identified in 1 patient in the present study 
(case 3), as the mother had been diagnosed with autoimmune 
thyroiditis with hyperthyroidism and vitiligo. This patient 
had a slightly increased number of antithyroid peroxidase 
antibodies. Another patient (case 4) has been diagnosed with 
autoimmune thyroiditis. The neutrophil to lymphocyte ratio 
has been reported as increased in adult patients with achalasia 
compared with that in healthy controls (12). In the current 
study, 2 of the patients (cases 2 and 3) had higher values (5.39 
and 2.82, respectively) of this parameter than the mean value 

Figure 2. Esophageal high resolution manometry image showing two test swallows from case 2 followed by panesophageal pressurization, and no relaxation 
of the lower esophageal sphincter (therefore the integrated relaxation pressure was increased). The color legend is shown on the left in mmHg above gastric 
baseline pressure. The numbered scale on the left shows the distance from the nostril. The numbered scale on the right shows the pressures measured at 
different points in mmHg.
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Figure 3. Esophageal high resolution manometry image depicting the first wet swallow of case 2. This was not follwed by a peristaltic wave, and was therefore 
classified as failed. There was no relaxation of the lower esophageal sphincter. Several dry swallows are shown in the image, and none were followed by 
peristaltic waves.

Figure 4. Esophageal high resolution manometry image depicting a wet swallow of case 4. The wet swallow was preceded by a dry swallow (indicated by the 
arrow). The resting pressure of the LES was normal, with little change during swallowing. There was no peristaltic wave, nor panesophageal pressurization. 
UES, upper esophageal sphincter; LES, lower esophageal sphincter; IRP, integrated relaxation pressure.
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reported in healthy controls by López‑Verdugo et al (12) The 
patients described as cases 5 and 6 had a neutrophil to lympho‑
cyte ratio <1. As compared with cases 2 and 3, cases 5 and 6 
had higher Eckardt scores (7 and 11, respectively). There 
was no difference between these two categories of patients 
regarding the subtype of achalasia. Case 2 had the highest LES 
pressure and IRP. van Lennep et al (4) performed a survey 
regarding current practices in managing pediatric achalasia. 
Access and experience in esophageal HRM limit its use in 
children with achalasia, and only one‑third of the responders 
in this survey would change their therapeutic approach based 
on the evaluation by HRM and achalasia subtype.

Achalasia is a chronic, progressive disease, and treatment 
does not currently provide a cure (10). At present, the treat‑
ment options available are aimed at reducing the obstruction 
caused by the incomplete relaxation of the LES (10). Choosing 
the right treatment option can be challenging. The latest guide‑
lines regarding management of achalasia in adults state that 
pneumatic endoscopic dilation, laparoscopic Heller myotomy 
and POEM are equally effective in type I and II achalasia, 
while POEM would be a better treatment option for type III 
achalasia, as it allows a more extensive myotomy (13). In chil‑
dren, there is no clear consensus thus far.

The novel therapeutic approach, POEM, was utilized in 4 
of the patients described in the present study. POEM was first 
used in 2008 as a treatment option for adults with achalasia (14). 
A total of 14 years later, an increasing number of centers are 
reporting good results from this procedure in children affected 
by achalasia. In a review by van Lennep et al (4), POEM was 
available in children in only 11 (29%) of the reporting centers; 
7 in Europe, 3 in North America and 1 in Asia. As opposed to 
Heller myotomy, POEM has the advantage of a shorter time 
needed for the procedure, a lower rate of complications and a 
shorter time spent in the hospital (15). The long‑term clinical 
success rate of POEM in children with achalasia is higher than 
in adults, as shown by a meta‑analysis by Zhong et al (16). The 
main long‑term complication after POEM is gastroesophageal 
reflux disease (GERD). Inoue et al (17) suggested in a pilot 
study that completing POEM with endoscopic fundoplication 
might reduce the incidence of GERD. Given the high risk 
of GERD after POEM (in up to 60% of cases), the current 
guidelines for adults recommend endoscopic monitoring 
for GERD, and lifelong proton pump inhibitor therapy after 
POEM (18). GERD appears to be equally common as in 
adults after POEM in children after 4 years of follow‑up, as 
reported in the study by Nabi et al (19). In systematic reviews, 
Sharp and St Peter (20) and Goneidy et al (21) concluded 
that no treatment option can yet be considered a standard in 
children with achalasia, as comparative data are still lacking. 
Goneidy et al (21) documented reports of 94 patients who 
underwent POEM. Even though the success rate has been 
shown to be high for this procedure (99.3%), it is nonetheless 
a new technique, and data regarding long‑term follow‑up are 
inconsistent (21). In the current study, the complication rate 
after this procedure was higher compared with that after 
Heller myotomy and endoscopic esophageal dilatation (24.4 
vs. 12.8 and 5%, respectively). In the patients of the present 
study, adverse events after POEM were minor and resolved 
spontaneously (2 patients had a pneumoperitoneum and 1 had 
a pneumomediastinum).

Miao et al (22) reported observations on 21 patients diag‑
nosed with achalasia, with a mean age of 5.5 years. All the 
patients were treated with POEM. Only one‑half of the children 
were assessed by esophageal manometry (22). The mean pres‑
sure of the resting LES was 25.4 mmHg, with a range between 
18.5 and 40 mmHg, which was lower than the values detected 
in the patients in the present study. It was suggested that POEM 
should be performed as soon as possible, before causing 
distension of the esophagus, since the complete incision of the 
circular muscle seemed to be therapeutic in children (22). In a 
more recent study, 17/19 patients (89%) experienced sustained 
symptomatic relief after POEM (23). As concluded by a recent 
review (24), POEM is a promising technique in the pediatric 
population, with a high efficacy and low rate of adverse events.

The clinical data and results of the investigations in 7 chil‑
dren with achalasia were reviewed in the present study, which 
is a small number of cases. A total of 4 patients were evaluated 
with both conventional and esophageal HRM. Both of these 
methods evaluate the motor function of the esophagus, but 
esophageal HRM allows a more accurate description of the 
relaxation of the LES and a global assessment of peristalsis (9).

There are still few centers with all the necessary resources 
(both technical and human) to evaluate and treat children with 
achalasia properly. The merit of the present study is that it 
demonstrates the novel investigations and treatment options 
currently available for children with achalasia. The 4 children 
with type II achalasia were the first patients treated with 
POEM in Cluj‑Napoca in which a subtype was also established 
with esophageal HRM. The results from the present study 
and other studies (15,16,19‑22,24,25) support this treatment 
option for children with achalasia. The team that contrib‑
uted to the management of the patients in the present study 
comprised multiple specialists: Pediatric gastroenterologists 
(who performed the diagnostic endoscopy and conventional 
esophageal manometry), gastroenterologists specializing in 
adults (including one trained in POEM and pneumatic dila‑
tion), radiologists and a nurse who performed the esophageal 
HRM. POEM has been performed in adults in the center 
since 2013 (26) and in children since 2016 (25). A significant 
limitation of the present case series is its small number of 
subjects. The patients were not investigated for previous viral 
infections, and investigations for autoimmune disorders were 
incomplete. In addition, the follow‑up data of the patients were 
not reported. The study will be completed in the future, with 
follow‑up clinical data of the patients and surveillance endos‑
copy and esophageal pH‑impedance monitoring for GERD 
included in an upcoming study.

In summary, the first cases of pediatric patients in our 
Cluj‑Napoca, Romania, diagnosed with achalasia using esoph‑
ageal HRM were reported in the present study. POEM was 
successfully performed in 4 children with type II achalasia, 
with only minor adverse events after the procedure.
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