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ABSTRACT

Background: Oesophageal achalasia is well-recognized but relatively rare in children,
occasionally appearing as the “triple A” syndrome (with adrenal insufficiency and alacrima).
TreaWodalitieS, as in adult practice, are not curative, often needing further
intervnd spurring the search for better management. The outcome for syndromic
. . . . .
varlamis Is unknown. We sought to define the efficacy of treatments for children with

achalawh and without triple A syndrome.

MethoWe conducted a retrospective analysis of presentation and outcomes for 42
children witi achalasia presenting over 3 decades to a major paediatric referral centre.

Long t@pact of the diagnosis was assessed by questionnaire.

Resultw identified 42 children including 6 with triple A syndrome. The median overall
age at ™egposis was 10.8 years and median follow-up 1593 days. Initial Heller myotomy in
17 required turther interventions in 11 (65%), while initial treatment with botulinum toxin
(n=20)MItimately followed by myotomy in 17 (85%). Ten out of 35 patients who
underyotomy required a repeat myotomy (29%). Patients with triple A syndrome
deve@mptoms earlier, but had delayed diagnosis, were more underweight at
diagmH at last follow up. Questionnaire results suggested a significant long term

deleteriou pact on the quality of life of children and their families.
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Conclusion: Many children with achalasia relapse after initial treatment, undergoing
multiple, different procedures, despite which symptoms persist and impact on quality of
life. Symptoms develop earlier in patients with triple A syndrome, but the diagnosis is

delayed and this has substantial nutritional impact.

et

H
(250 wiaans)
KEY WQ: botulinum toxin, myotomy, complications, intervention, nutrition

INTROEON

Achala!ia is a rare condition in children, with an estimated annual incidence of

appromw 0.1 case per 100,000 children.(1) Associations exist with trisomy 21(2) and a

syndErm (triple A syndrome - achalasia, alacrima, and adrenal insufficiency).(3)

Adults and older children often present with progressive dysphagia, regurgitation of poorly
digest&-ﬁnnd, weight loss and chest pain(4) while vomiting, anorexia and chronic cough are

said tore common presenting features in children under five years of age.(5)

Trea%tions at all ages aim to eliminate symptoms by relieving the obstruction

provid the non-relaxing lower oesophageal sphincter, none of which provides a

complete Ee.(4) Surgical intervention in the form of myotomy has been the traditional

approac either a laparotomy or thoracotomy,(6) or more recently using laparoscopy or
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thoracoscopy(7) or a per oral endoscopic approach.(8, 9) Myotomy is often compared
against pneumatic balloon dilatation.(10-13) Botulinum toxin has been used successfully in
selected patients, given by an endoscopically directed injection into the oesophageal muscle
around the lower oesophageal sphincter.(14-16) Pneumatic balloon dilatation and
botulindxin injection have been proposed to be more effective, with fewer
complications and less costly, but most adult studies still rank myotomy as the gold
standah,'FBerving other treatments for selected cases or treatment failure.(9, 15) High
resqutQanometry has clarified the wide clinical spectrum of achalasia(17) with differing
treatmm)proaches more likely to be effective in some subtypes, and some patients
never ;Eding to any therapeutic intervention at all.(17, 18) The relative efficacy of
myotoky and pneumatic dilatation in children remains controversial,(13) with sparse

publis ormation on outcomes for syndromic presentations.(19, 20)

a

The aims ur study were 1) to describe the clinical findings, therapeutic interventions and
long-term outcome, including nutritional status of children with achalasia, 2) and contrast
the ouLm of initial treatment with myotomy as against botulinum toxin. 3) We also
sought@termine if an association with triple A syndrome influenced diagnosis or

outcorge

Auth
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METHODS

Patients treated for achalasia at The Royal Children’s Hospital Melbourne from 1982 to 2013
were identified from hospital information systems. The diagnosis was confirmed in the

presMypical findings on barium swallow and oesophageal manometry, and in the

absen other cause established by upper gastrointestinal endoscopy.

Detailshnn’mary and secondary therapeutic interventions were recorded. These included
oesopl@ myotomy, pneumatic dilatation , endoscopic intra-sphincteric injection of
CIostriWotulinum toxin type A (Botox, Allergan Australia Pty Ltd, Gordon, NSW,

Australia),(3¢, 16) and the use of calcium channel blockers.

Failurerond to treatment or recurrence of symptoms was defined as symptoms
occurrm a daily basis, consistent with achalasia and interfering with global quality of

life. Euent interventions were documented as were the outcomes and complications.

Long term outcome was determined by questionnaires which were mailed to last known

addresses.

Normally distributed data are presented as mean * standard deviation, or as median and
interql.; range (IQR) if skewed. Analyses were performed using GraphPadPrism 5
(Gra@oftware Inc. La Jolla, CA, USA) using tests for normally distributed or non-

parametric data as appropriate.
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Ethical considerations

The Royal Children’s Hospital Human Research Ethics Committee approved project

HREC33226. Informed consent was obtained from all patients completing the questionnaire.
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RESULTS

Demographics

Forty-two children (21 male) were identified with achalasia during the study period. The
medi:rqnlat diagnosis was 10.8 years (IQR 7.8, 13.1), duration of symptoms prior to
diagno ays (IQR 146, 617) and follow up 1593 days (IQR 391, 3143).

. —
Six patiESwere diagnosed between 1982-1993, 15 from 1994-2003 and 21 from 2004-
2013.

)

Associ@mdromes/disorders

Nine oR42 (21%) had an associated syndrome or chromosomal abnormality (triple A

syndr 6, trisomy 21 n=2). Another infant had a complex chromosomal abnormality

(deIEpBBpZB.L duplication of 12p13.33p13.31).

Presenting symptoms and diagnostic investigations (Table 1)

-

The ma'onptoms were: regurgitation of poorly digested food, dysphagia, weight loss and

vomitinf:

All haelund!rgone upper gastrointestinal barium contrast studies and gastroscopy with

a

biopsiarty-eight underwent manometry with two too young to tolerate the procedure,

and %atients the result was unavailable.
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Management:

Primary surgical treatment - outcome (Figure 1)

Seventeen of the 42 patients underwent a myotomy as first-line treatment. Persistent or

recurrent symptoms in 11 (65 %) required further interventions after a median 1993 days

(1QR Zgﬁ, ). Of these 11, 5 received botulinum toxin after the initial failed myotomy,
| |

and 5 fh.a.pneumatic dilatation. Two of the 5 who received botulinum toxin as a

secon@eatment had a sustained response, whereas 4 of the 5 who received a

pneuwwilatation as a secondary treatment had a sustained response (p=0.52). Five of

the 11 childien (41 %) ultimately underwent a second myotomy.

Primar;surqical treatment - outcome (Figure 2)

Twenty-four patients had non-surgical primary treatment (botulinum toxin [n=20],
pneu #Qilatation [n=3] or a calcium channel blocker (nifedipine) [n=1]). One patient did

not receive any treatment.

-

Furthe@tions of botulinum toxin were provided if symptoms recurred. The median
totalnr of additional botulinum toxin injections per patient was 2.0 (IQR 1.8, 6.5) and
maximFm 1p.- No complications were recorded in the patient records for the 112 botulinum

toxin injectMgns. At the time of this report, 3 of these 20 patients had transitioned to adult

ul

carew receiving alternative therapies after 11, 10 and 5 years of botulinum toxin

treatments.” Of the 17 other patients, all ultimately underwent a Heller's myotomy as a
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subsequent procedure, which had to be repeated in five patients. The median interval

before receiving an alternative intervention was 434 days (IQR 69, 1367).

Of the 17 patients who underwent a myotomy after botulinum toxin, 3 had a major
comm in the immediate post-operative phase. Two had gastric perforations and one

child d ed a pneumomediastinum.

Myoton Botulinum toxin as primary procedures — outcome (Fiqures 3, 4)

Seventeen of 20 (85%) of patients who had botulinum toxin injections as their first
treatment subsequently received an alternate form of therapy. This occurred after a
mediar;days. By comparison, where a myotomy was provided as the first treatment, 11
of 17 (Eeceived further therapy after a median 1993 days (fig 4). Neither the
propormmo failed to achieve a sustained response, nor the interval before a secondary
treat as administered, was significantly different between the two groups (p=0.46,

p=0.27 respectively).

Overall, 35 patients underwent a myotomy either as a primary or subsequent procedure. In

27/41 ts, a myotomy was the final intervention provided, but 10 patients required 2

myohc
e —

The likelihogd of proceeding to a second myotomy was not influenced by the primary

treatTf those patients who had an initial myotomy, 5/17 required a repeat myotomy.
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Of those who had botulinum toxin initially but then proceeded to a myotomy, 5/15 required

a repeat myotomy.

Eight surgeons operated on the patients over 30 years, with one performing 21 of the 40
proce.m Comparison of the outcomes of this surgeon with those of the other 7 with

regard @ ed for repeat myotomy, showed no statistically significant differences (31 % vs

26 %, ;@).

Numb@tervenﬁons and subsequent duration of response

Excluding repeated injections of botulinum toxin, 84 interventions were performed on 41
patiem:wotomy was the preferred “second-line” therapy (n=16), with botulinum toxin
being LE\ 8 patients, and pneumatic dilatation in 6. When a third type of intervention

was amered, myotomy was preferred (n=7), with 3 receiving pneumatic dilatation.

Twoé underwent a fundoplication for reflux as part of a myotomy as a second or

third intervention.

-

Nutriti@atus

The m£n weight-for-age Z-score (WAZ) at presentation was -1.05 + 1.53. This had

impro*a significantly after all treatment interventions had been completed (WAZ -0.74 +

115, peotds).

<C
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The type of initial intervention, myotomy or botulinum toxin, did not impact on the ultimate

likelihood or extent of a statistically significant WAZ gain.

Triple A syndrome

Patients with triple A syndrome (n=6) developed their first symptoms significantly earlier
thant did not have either a syndrome or recognised chromosomal abnormality

H
(n=33;k&3.7 yrvs 9.7 + 3.8 yr; p<0.05). These symptoms were present for longer before
the dia@ was achieved (549 + 510 days vs 328 + 340 days; p<0.01). There was no

signifinerence between the two groups in types of presenting symptom. However,

those with fiple A syndrome were significantly more underweight at diagnosis (WAZ -2.9 +

1.6 vs Eo.s +1.2; p<0.001).

The ch@f initial therapy was similar for the two groups, whether Heller procedure (1/6
vs 15 botulinum toxin (3/6 vs 16/33). Where botulinum toxin was used, both had a
similar number of treatments (4.7 + 3.6 vs 3.9 + 4.1; p=0.42). However, there was a

suggesWat those with triple A syndrome waited a longer time before receiving a second

theraple A 1670 + 1639 days vs 732 + 1071 days; p=0.068).

PatieiGy triple A syndrome achieved significant weight gain between diagnosis and at

last follow up (mean improvement in triple A WAZ 1.25 + 1.11; p<0.05). However, their

mean weig .} remained significantly less than the general population after a mean follow up

perio 63 + 3100 days (WAZ -1.67 + 1.77; p<0.05). In those without a syndromic or
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chromosomal association the mean change in WAZ after treatment was 0.40 + 1.03
(p=0.07). Their WAZ at last recorded follow up (after a mean 1800 + 1640 days) was -0.46+

1.39.
Quest e

Questi% were sent to 42 patients or families, but 30 did not respond, 3 refused to
N

partici&&pne patient had died of unrelated causes and only 8 were completed and

return@e mean age at completion of the questionnaire was 18.6 + 3.7 yr (5M:3F).

Apart from one patient, who was still receiving regular botulinum toxin injections, all had
either Qy or ultimately undergone a Heller’'s myotomy. The median interval since the

myotoG repeat procedure if necessary), was 43 mo (IQR 7.5, 94.4).

All but one of the 8 patients was still seeing a medical practitioner regularly, either monthly
(n=1) thly (n=3), or annually (n=3). Episodes of “food-sticking in the throat” occurred
daily in 6 out of the 8 or at least weekly in the other two. Five of the eight patients who
compleﬁ-the guestionnaire reported difficulty in eating in public or with their peers. Chest
pain w erienced daily by 3, at least weekly by 2 and at least monthly by 3 of the 8.
Regquw was present on a daily basis for 2 patients, weekly for 1, 2 monthly for 2 but

e

hardly ever.in 3 of the 8. Their mean BMI was 19.5 + 2.6, but two of the patients aged over

)

18 were underweight with a BMI less than 18.5 (15.4, 17.8).

<C
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Five of the eight reported that achalasia had a significant impact on their quality of life.
Complete avoidance of social gatherings was reported by four of the five patients. Three of
the five patients had been diagnosed with an anxiety disorder. One patient reported that
his significant weight loss was traumatic for his parents, because of accusations by the

e

commmd health care workers that they had been underfeeding him.

D|sc'bﬂ

Forty—t@tients with achalasia were identified, corresponding to an identification rate of
appro@ly 0.13 per 100,000 children aged less than 16 years. This is similar to the

incidence r;e identified in the UK (0.18 per 100,000 people aged less than 16yr)(1) and

sugges@gh rate of recruitment.

Our stms confirmed that no one therapeutic approach was universally successful and
that t come is generally disappointing no matter what the primary intervention
Historically, while myotomy has been the usual approach, two-thirds of patients who
under\m primary myotomy subsequently had a further procedure. A limitation of the
retros nature of this study is that failure of the initial procedure was judged by the
provﬂa secondary procedure. There may have been more patients with recurrent
symp*i-lho did not undergo further procedures. The median interval before a
secondar atment was carried out — nearly 6 years — suggested protracted symptoms, or
perh ogressive disease. Alternative therapies such as botulinum toxin were not

available for the earlier patients in this cohort. Relatively small numbers of patients in each
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decade group precluded a detailed statistical analysis for type of intervention by era of

surgery.

Botulinum toxin, used as a primary therapy in half of the patients, had a temporary impact
with Mtients ultimately proceeding to a myotomy. About one third of this group then

requirrther surgery after the first myotomy. There were no significant

comsliiatlons associated with the botulinum toxin treatments themselves.

Gastri@ration or pneumomediastinum occurred after myotomy in 18% of those
initiall@ed with botulinum toxin. An increased risk of complications after prior
endoscopic §herapy with either botulinum toxin or pneumatic dilatation has previously been
sugges@, 21) but both intraoperative oesophageal and gastric perforations are well
recogn'cﬁven during primary myotomy uncomplicated by prior interventions, occurring
ina Sof procedures.(4) These are usually repaired intraoperatively without clinical

cons nce.

Most cﬂmn were significantly underweight by the time they had surgery, but this

impronificantly after both myotomy and botulinum toxin injection.

h

Pne semgli[atation was also provided in this group of patients, but too few to enable

{

statistical inference. Recent trials of pneumatic dilatation against myotomy have suggested

U

the two are broadly comparable.(22)
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Some authors suggest that up to 90% of patients treated for achalasia can achieve near
normal swallowing and quality of life after a combination of current treatments.(23) The
difficulty is that even in those centres reporting large cohorts, most patients need multiple
further treatments.(4) The disease is also progressive. Evidence suggests that manometric
subtypdhelp predict likelihood of response to surgery.(24) Patients with type Il

disegse gppear to respond better to Heller myotomy than pneumatic dilatation, whereas

there ihﬂl‘E difference between the two for type | and Il disease.

O

Our atmto evaluate long term outcome for quality of life was hampered by poor
recruitﬁ This might have been improved by a second mailout or direct telephone
contact, but of those who did respond most were not doing well, with persistent symptoms,
a poorgy of life and significant underweight. It may be dangerous to extrapolate from
this sn‘cgmp, but it would be safe to say that significant symptoms do appear to persist
in at IeasEmall proportion, with long term impact on the family and patient. Other studies
have also found a substantial impact of achalasia on quality of life in children.(25) It would

be helpklhs assess this in more detail with fully validated measures. The reason for the

poor r@se rate was unclear.

Abonﬂgf our patients also had triple A syndrome. This has been associated with
mutatij the AAAS gene on 1213 which codes for a protein called ALADIN (alacrima-
achalasia-ggirenal insufficiency neurologic disorder)(3) which is important in structural

scaffoldi f the nuclear pore complex. We and others found evidence of delayed
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diagnosis of achalasia in patients with triple A syndrome.(19) They were significantly
underweight at diagnosis and at last follow up. Whether this was related to the syndrome
itself or was a legacy of the prolonged malnutrition prior to diagnosis and treatment is not
clear. Ttheir response to treatment appeared no different to other children. This may well
repr(:?lhigh risk group who merit close postoperative follow up with nutritional
rehal_oilmn. Reasons for the delayed diagnosis are unclear. Typically, the “classic
presen&'ﬂ'ﬂ'ﬂ" is of an infant who is first noted to not make tears on crying , develops ACTH-
resistaQenal insufficiency in the first decade of life and goes on to be diagnosed with
achalamhe first or second decade.(19) Gastro-oesophageal reflux may be
inappraely diagnosed. Clearly, the identification of alacrima and adrenal insufficiency
shouldfead to early manometric evaluation for oesophageal dysfunction. There is no
evidenfefnkhe literature(3, 5, 19) or from our studies that the subsequent management of

acha'Eociated with triple A syndrome should be any different from standard

app

There &—- clear paediatric-specific recommendations for treatment of children with
achala@t there is increasing agreement in adult practice for treatment pathways which
do infém therapeutic decisions in children.(26) Healthy patients with achalasia should
receiﬁm'er graded pneumatic dilatation or myotomy. Myotomy is likely to be more
effectixzatment in adolescents and younger adults, especially men and possibly patients
with@achalasia. Women and older adults do well with either myotomy or pneumatic

dilatation. It is not clear if these same gender implications exist in children. Botulinum toxin
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should be the first line treatment in frail patients because it is safe and likely only to be
needed to be repeated every 9-12 months. Pneumatic dilatation has also been suggested as
a safe alternative for frail patients but with the caveat it be used in high volume centres,
which excludes most paediatric units. Although there is experience of using the

promisdand more recently introduced per oral endoscopic myotomy (POEM) in

childrep (8)its role has yet to be more closely defined.

-

It has @rgued that routine post-operative manometric evaluation should be used to
help prfd'noutcome and better define those patients who are likely to need further
interquﬁM) The following functional parameters have been associated with poor
outcome after treatment in adults: 1) failure to empty the oesophagus of barium after 5
minutegght, 2) failure to completely relieve symptoms after the primary intervention, 3)
post-pmre lower oesophageal sphincter pressures greater than 10-15mmHg, and 4)

limited sibility of the esophago-gastric junction.(4)

We have confirmed that the long term functional outcome after current treatments for

[

achalas'dess than optimal. Some patients undergo long periods of persistent or recurrent
symptoms which might benefit from earlier targeted interventions. There is a strong case to
be n‘&the routine evaluation of physiological function after treatment of achalasia in

childrejelp inform and guide subsequent interventions, particularly in high risk clinical

subtypes. :
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Table 1: Presenting Features

Symptom or clinical feature n=42 (%)
Regurgitation of poorly digested 34 (83%)
food-'_'
Q.
Dysp!'hz!g'li 31 (76%)
Weigh 31 (76%)
Vomitig} 27 (66%)
)
Noctur&ugh 23 (56%)
Recurrmspiratory infections 16 (39%)
Ches§ 14 (34%)
ChokinL 13 (32%)
AIacrir@ 7 (17%)
Addi mease 5(12%)
e —
Nauseaj 2 (5%)

A
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Figure Legends
Figure 1.

Outcome after myotomy as a primary procedure.

Figure F ]
Outcoa non-surgical primary approach.

H
Figurew 4,

Proporfion @f patients proceeding to further treatment because of failure of the initial
therapw either myotomy or Botulinum toxin by 1 year (figure 3) and 10 years (figure 4).

There @ significant difference in the median interval before subsequent treatment

(Iog—ratﬁ; p=0.15).
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