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“Crying without tears” as an early
diagnostic sign-post of triple A (Allgrove)
syndrome: two case reports
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Abstract

Background: Triple A syndrome (or Allgrove syndrome) is a rare autosomal recessive disorder characterized by alacrima,
achalasia, adrenal insufficiency and autonomic/neurological abnormalities. The majority of cases are caused by mutations
in the AAAS gene located on chromosome 12q13. However, the clinical picture as well as genetic testing may be
complex since symptomatology is variable and mutations cannot be identified in all clinically diagnosed patients. We
present two unrelated patients with triple-A syndrome illustrating the importance of alacrima as an early clinical sign.

Case presentation: A 3.5 year old girl presented with repeated hypoglycaemic myoclonic events. Adrenal insufficiency
was diagnosed. In addition, alacrima, obvious since early infancy, was incidentally reported by the mother and finally lead
to the clinical diagnosis of triple A syndrome. This was confirmed by positive mutation analysis of the AAAS gene. The
second patient, an 8 months old boy was presented because of anisocoria and unilateral optic atrophy. MRI revealed
cerebellar vermis hypotrophy. Psychomotor retardation, failure to thrive, and frequent vomiting lead to further diagnostic
work-up. Achalasia was diagnosed radiologically. In addition, the mother mentioned absence of tears since birth leading
to the clinical diagnosis of triple A syndrome. In contrast to the first cases genetic testing was negative.

Conclusion: These two patients illustrate the heterogeneity of triple A syndrome in both terms, clinical expression and
genetic testing. We particularly aim to stress the importance of alacrima, which should be considered as a red flag
symptom. Further differential diagnosis is required in every child affected by alacrima.
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Background
Triple A syndrome (OMIM#231550) is a rare autosomal
recessive disorder [1]. Typically it is characterized by ala-
crima, corticotropin-resistent adrenal insufficiency and
achalasia. The term 4A syndrome has been suggested [2]
as additional autonomic dysfunctions may be associated
[3, 4]. In addition, neurological abnormalities were
frequently described [5]. Overlapping clinical signs with
triple A syndrome shows the alacrima, achalasia, and
mental retardation syndrome (AAMR, OMIM#615510).
All AAMR cases described so far do not have adrenal
insufficiency. The disorder is caused by mutations in

guanosine diphosphate (GDP)-mannose pyrophos-
phorylase A (GMPPA) gene. Patients show further-
more delayed developmental milestones, hypotonia,
gait abnormalities, anisocoria, and visual or hearing
deficits [6].
Here we report on two children with this syndrome

illustrating the variable clinical presentation and genetic
heterogeneity. Furthermore, we like to stress the import-
ance of alacrima as an important clinical sign in paediat-
ric patients.

Case presentation
Case 1
This 3.5 year old girl is the first child of non-
consanguineous parents of Moroccan origin.
During infancy she suffered from recurrent episodes of

vomiting and regurgitation which later ceased without
treatment. In addition, she was affected by frequent
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respiratory tract infections. She was referred to our
clinic because of recurrent hypoglycaemic myoclonic
events. The first episode occurred at the age of 2.5 years,
while she was suffering from febrile gastroenteritis. After
a fasting period of about 12 h the mother noted sudden
generalized myoclonic jerks, which occurred about once
a minute over a period of 30 min. The girl was fully
responsive during that time. At the age of 3 years similar
convulsions occurred during a fasting period related to a
febrile respiratory infection. Oral application of a glucose
solution given by her mother led to rapid cessation of
the myoclonic jerks. Within the next months this
observation recurred. An interictal EEG was found to be
normal. Although not considered relevant by the mother
she reported alacrima since early infancy. The child had
been under ophthalmological supervision for keratocon-
junctivits sicca since the age of 6 months.
Clinical examination revealed a dysplastic left auricle.

No other dysmorphic features were found. Height and
weight were within normal limits. Neurological examin-
ation was notable for symmetrically reduced deep
tendon reflexes, spontaneous Babinski reflexes, and an
increased muscle tone of the lower limbs. The gait was
clumsy without other major signs of ataxia.
ACTH-resistant adrenal insufficiency was diagnosed

by laboratory testing. Achalasia was excluded using a
barium swallow test.
Mutation analysis showed a homozygous G > A transi-

tion at nucleotide position 1331 + 1 in intron 14 (c.1331
+ 1G > A) resulting in a splice mutation at splice donor
site of intron 14 (Fig. 1). This mutation results in a loss

of an exon or inclusion of an intron and subsequently in
aberrant splicing and a frameshift with a premature stop
codon. The resulting truncated protein was most likely
not functional.

Case 2
This patient is the first child of first child of non-
consanguineous parents. He presented at the age of
8 months because of anisocoria and reduced pupillary
light response of the right eye. Ophthalmological exam-
ination revealed additional right optic nerve atrophy,
myopia, and convergent strabism. Cerebral MRI showed
isolated hypotrophic caudal cerebellar vermis (Fig. 2). At
the age of 10 months the parents reported frequent
vomiting after solid food and failure to thrive was noted
(Weight < 3rd percentile). Progressive microcephaly was
seen on follow-up. At the age of 1.5 years marked global
developmental retardation became obvious. He was un-
able to walk or sit without support and did not exhibit
any active speech. Hearing disorders were excluded by
paedaudiological work-up. Further neurological examin-
ation revealed muscular hypotonia and week deep
tendon reflexes. A comprehensive work-up for develop-
mental delay, short stature and failure to thrive did not
reveal any underlying pathology. In order to exclude
neuroblastoma a chest x-ray was performed which re-
vealed a broad vertical shadow in the mediastinum.
Abdominal and thoracal ultrasound investigations were
suspicious of achalasia, which was later confirmed by a
barium swallow test (Fig. 3). At that time, the mother re-
ported that since birth the child had never produced
tears. Subsequently triple-A syndrome was suspected.

Fig. 1 Sequence chromatograms of the patient and a control
individual showing the G > A transition at nucleotide 1331 + 1 in
intron 14 of the AAAS gene. The arrows indicate the nucleotide
altered by mutation. The line indicates the exon-intron boundary

Fig. 2 Cerebral MRI revealing an isolated hypotrophic caudal
cerebellar vermis
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No skin abnormalities or laboratory results suggestive of
adrenal insufficiency were found so far.
Achalasia was surgically treated at the age of

20 months. On last follow-up at the age of 3 years, the
patient was able to pull himself to stand and walked with
assistance. Speech development was still severely de-
layed. His height and weight were still below the 3rd
percentiles, although he showed mild catch-up growth.
Mutation analysis of the coding sequence and all exon-
intron junctions of the AAAS and GMPPA gene did not
reveal a pathogenic mutation.

Discussion
The two patients reported here emphasize that the triple
A syndrome displays a phenotypic and genetic heterogen-
eity. In addition, the importance of alacrima as an import-
ant and early diagnostic sign is stressed is stressed.
In general, triple A syndrome can be considered as a

multisystem disorder, which may be life-threatening
when diagnosis is delayed. Clinically it is characterised
by alacrima, usually present at birth, achalasia and
adrenal insufficiency, which may only develop during
childhood and adolescence. Many patients have associ-
ated neurological features [5] with involvement of the
central, peripheral and autonomic nervous system.
In both of our patients alacrima, an autonomic feature,

was the earliest clinical sign even leading to keratocon-
junctivitis sicca in one. However, it was not considered
relevant in the context of a possible underlying disease.
Although alacrima is commonly described as the most
consistent and early sign of triple A syndrome, in many
patients alacrima has only been recognized as part of a
congenital disorder in retrospect, after the occurrence of
additional features of triple A syndrome. In both our
patients alacrima had been observed by the patients’
mothers and patient 1 had additionally been under
ophthalmological supervision due to “dry eye”. However,
none of the patients had been referred for further differ-
ential diagnosis work-up.
Alacrima as a clinical sign is only seen in a limited

number of congenital disorders, e.g. familial dysautono-
mia (hereditary sensory and autonomic neuropathy type
III; HSAN3; MIM#223900), lacrimoauriculodentodigital
syndrome (LADD; MIM#149730), the anhidrotic type of
ectodermal dysplasia (MIM#224900), Sjögren syndrome
(MIM#270150), congenital disorder of deglycosylation
(MIM#615273), AAMR and triple A syndrome. Thus, it
should always be taken serious if parents report on their
children “crying without tears”. Careful history taking
and clinical as well as laboratory examinations should
usually lead to an underlying cause. Alacrima is very un-
likely to be an isolated finding in children. This is par-
ticularly true if other autonomic features are present as
seen in our second patient who exhibited anisocoria.

Fig. 3 Barium swallow test of the patient demonstrated a dilated
oesophagus and narrowing at the lower oesophageal sphincter
confirming achalasia
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Further clinical symptoms in our patients were optic
atrophy, achalasia and adrenal insufficiency. A high
index of suspicion is warranted if “dry eyes” in children
are associated with any of these clinical signs.
Achalasia, an unusual finding in children, may have a

variable presentation in triple A patients. While some
found achalasia as the first presenting symptom others
found no evidence of achalasia at all [7]. Although we
were not able to prove achalasia in patient 1, it may still
occur later in childhood or even adolescence.
Anisocoria as another prominent clinical sign has been

reported in up to 13% of previous triple A patients [8].
In general, 30% of triple A syndrome patients have been
found to suffer from autonomic disturbances. These are
predominantly parasympathetic [9].
The optic nerve atrophy seen in our patient as well as

in previous cases [10] indicates a CNS involvement,
specifically of white matter. Neurological abnormalities
were present in both of our patients. Our first patient
exhibited severe mental retardation and showed cerebel-
lar vermal hypoplasia in the MRI, a finding that has so
far not been described in the context of triple A
syndrome. However, cerebellar ataxia was previously de-
scribed in other patients. Patient 1 showed only mild
global developmental delay. In addition, markedly
reduced deep tendon reflexes were found probably indi-
cating involvement of the peripheral nervous system.
Peripheral polyneuropathy has been found as one of the
frequent and progressive neurological findings in triple
A patients [5, 11].
In patient 1 myoclonic episodes after longer periods of

fasting were the main cause for referral. These were
probably attributable to hypoglycaemia due to adrenal
insufficiency since episodes could be terminated by oral
glucose. Severe and even fatal hypoglycaemic episodes
have been repeatedly mentioned as early signs of triple
A syndrome. Importantly, adrenal insufficiency can still
arise in late childhood [4] or even in adulthood [12].
Thus, early diagnosis of triple A syndrome is crucial in
order to allow regular endrocrinological follow-up inves-
tigations and parent counselling to prevent symptomatic
and potentially fatal hypoglycaemic episodes.
Although patient 2 showed typical clinical symptoms

of triple A syndrome, he did not carry a pathogenic
AAAS or GMPPA mutation. There could be two expla-
nations for this. Firstly, there could be an unrecognised
mutation, larger deletion or insertion in intronic
sequences or the promotor of the AAAS or GMPPA
gene. Or secondly, the patient suffers from a different
triple A-like disease. In 2000 the triple A syndrome gene
localized to chromosome 12q13 was cloned [13, 14]. The
so called AAAS gene consists of 16 exons which encode a
546 amino acid protein called ALADIN (Alacrima-Achala-
sia-adrenal Insufficiency Neurologic disorders). ALADIN is

a protein of the nuclear pore complexes with a WD-repeat-
domain structure [15]. Most of the mutant ALADIN pro-
teins are mislocalized in the cytoplasm and are not available
at all at the nuclear pore. However, the function of ALA-
DIN at the nuclear pore is unknown. It is assumed that
ALADIN plays an important role for protein and/or RNA
trafficking between the nucleus and cytoplasm. It could be
shown, that ALADIN deficiency impairs redox homeostasis
in patient cells and inhibits steroidogenesis [16–18].
A number of genotype-phenotype studies have been

undertaken underlining the marked phenotypic het-
erogeneity among affected patients even within one
family [19, 20].

Conclusion
Alacrima should be perceived as a red flag symptom in
children and triple A syndrome should be considered if
additional clinical features are present. Genetic testing
should be taken into account even in the absence of all
“classical” clinical signs. Our two patients illustrate the
heterogeneity of triple A syndrome in terms of clinical
expression and results of genetic testing.

Funding
None

Availability of data and materials
Not applicable

Authors’ contributions
DT wrote the first draft, coordinated data collection, drafted the initial manuscript,
was involved in patient care, and approved the final manuscript as submitted. SG
was involved in patient care and data collection and approved the final manuscript
as submitted. JS was involved in patient care, made the diagnosis in patient 2,
provided imaging data, critically reviewed the manuscript, and approved the final
manuscript as submitted. KK and AH carried out the molecular genetic studies,
drafted the initial manuscript, critically reviewed the manuscript, and approved the
final manuscript as submitted. EM supervised patient care, supervised data
collection, critically reviewed the manuscript, and approved the final manuscript as
submitted. All the authors have read and approved the final version of the
manuscript.

Consent for publication
Written informed consent was obtained from the parents of both patients
for publication of this Case report and any accompanying images. A copy of
the written consent is available for review by the Editor of this journal.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Department of General Pediatrics, Neonatology and Pediatric Cardiology,
University Children’s Hospital, Heinrich-Heine University, Moorenstrasse 5,
40225 Düsseldorf, Germany. 2Department of Pediatric Oncology, Hematology
and Clinical Immunology, Medical Faculty, Center of Child and Adolescent
Health, Heinrich-Heine-University, Düsseldorf, Germany. 3Department of
Pediatrics, Medizinische Fakultät, Technische Universität Dresden, Dresden,
Germany. 4Department of Diagnostic and Interventional Radiology,
Heinrich-Heine-University, Düsseldorf, Germany.

Tibussek et al. BMC Pediatrics  (2018) 18:6 Page 4 of 5



Received: 9 October 2015 Accepted: 13 December 2017

References
1. Allgrove J, Clayden GS, Grant DB, Macaulay JC. Familial glucocorticoid

deficiency with achalasia of the cardia and deficient tear production. Lancet.
1978;1:1284–6.

2. Gazarian M, Cowell CT, Bonney M, Grigor WG. The “4A” syndrome:
adrenocortical insufficiency associated with achalasia, alacrima, autonomic
and other neurological abnormalities. Eur J Pediatr. 1995;154:18–23.

3. Ismail EA, Tulliot-Pelet A, Mohsen AM, Al-Saleh Q. Allgrove syndrome with
features of familial dysautonomia: a novel mutation in the AAAS gene. Acta
Paediatr. 2006;95:1140–3.

4. Persic M, Prpić I, Huebner A, Severinski S. Achalasia, alacrima, adrenal
insufficiency, and autonomic dysfunction: double a, triple a, or quaternary a
syndrome? J Pediatr Gastroenterol Nutr. 2001;33:503–4.

5. Grant DB, Barnes ND, Dumic M, Ginalska-Malinowska M, Milla PJ, von Petrykowski
W, et al. Neurological and adrenal dysfunction in the adrenal insuffieciency,
alacrimia, achalsia (3A) syndrome. Arch Dis Child. 1993;68:779–82.

6. Koehler K, Malik M, Mahmood S, Giesselmann S, Beetz C, Hennings JC,
Huebner AK, et al. Mutations in GMPPA cause a glycosylation disorder
characterized by intellectual disability and autonomic dysfunction. Am J
Hum Genet. 2013;93:727–34.

7. Prpic I, Huebner A, Persic M, Handschug K, Pavletic M. Triple a syndrome:
genotype-phenotype assessment. Clin Genet. 2003;63:415–7.

8. Huebner A, Elias LL, Clark AJ. ACTH resistance syndromes. J Pediatr
Endocrinol Metab. 1999;12(Suppl 1):277–93.

9. Chu ML, Berlin D, Axelrod FB. Allgrove syndrome: documenting cholinergic
dysfunction by autonomic tests. J Pediatr. 1996;129:156–9.

10. Clark AJ, Weber A. Adrenocorticotropin insensitivity syndromes. Endocr Rev.
1998;19:828–43.

11. Kimber J, McLean BN, Prevett M, Hammans SR. Allgrove or 4 “a” syndrome:
an autosomal recessive syndrome causing multisystem neurological disease.
J Neurol Neurosurg Psychiatry. 2003;74:654–7.

12. Pedreira CC, Zacharin MR. Allgrove syndrome: when a recognisable
pediatric disorder occurs in adulthood. Med J Aust. 2004;180:74–5.

13. Tullio-Pelet A, Salomon R, Hadj-Rabia S, Mugnier C, de Laet MH, Chaouachi B, et
al. Mutant WD-repeat protein in triple-a syndrome. Nat Genet. 2000;26:332–5.

14. Handschug K, Sperling S, Yoon SJ, Hennig S, Clark AJ, Huebner A. Triple a
syndrome is caused by mutations in AAAS, a new WD-repeat protein gene.
Hum Mol Genet. 2001;10:283–90.

15. Cronshaw JM, Krutchinsky AN, Zhang W, Chait BT, Matunis MJ. Proteomic
analysis of the mammalian nuclear pore complex. J Cell Biol. 2002;158:915–27.

16. Kind B, Koehler K, Krumbholz M, Landgraf D, Huebner A. Intracellular ROS
level is increased in fibroblasts of triple a syndrome patients. J Mol Med
(Berl). 2010;88:1233–42.

17. Prasad R, Metherell LA, Clark AJ, Storr HL. Deficiency of ALADIN impairs
redox homeostasis in human adrenal cells and inhibits steroidogenesis.
Endocrinology. 2013;154:3209–18.

18. Jühlen R, Idkowiak J, Taylor AE, Kind B, Arlt W, Huebner A, Koehler K. Role of
ALADIN in human Adrenocortical cells for oxidative stress response and
Steroidogenesis. PLoS One. 2015;10:e0124582.

19. Brooks BP, Kleta R, Stuart C, Tuchman M, Jeong A, Stergiopoulos SG, et al.
Genotypic heterogeneity and clinical phenotype in triple a syndrome: a
review of the NIH experience 2000-2005. Clin Genet. 2005;68:215–21.

20. Milenkovic T, Koehler K, Krumbholz M, Zivanovic S, Zdravkovic D, Huebner
A. Three siblings with triple a syndrome with a novel frameshift mutation in
the AAAS gene and a review of 17 independent patients with the frequent
p.Ser263Pro mutation. Eur J Pediatr. 2008;167:1049–55.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Tibussek et al. BMC Pediatrics  (2018) 18:6 Page 5 of 5


	Abstract
	Background
	Case presentation
	Conclusion

	Background
	Case presentation
	Case 1
	Case 2

	Discussion
	Conclusion
	Funding
	Availability of data and materials
	Authors’ contributions
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

