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Abstract
Objective Patients with classic ataxia–telangiectasia (A–T) generally die in the second or third decade of life. Clinical 
descriptions of A–T tend to focus on the symptoms at presentation. However, during the course of the disease, other symp-
toms and complications emerge. As long-term survivors with classic A–T develop a complex multisystem disorder with a 
largely unknown extent and severity, we aimed to comprehensively assess their full clinical picture.
Methods Data from Dutch patients with classic A–T above the age of 30 years were retrospectively collected. In addition, 
we searched the literature for descriptions of classic A–T patients who survived beyond the age of 30 years.
Results In the Dutch cohort, seven classic A–T patients survived beyond 30 years of age. Fourteen additional patients were 
retrieved by the literature search. Common problems in older patients with classic A–T were linked to ageing. Most patients 
had pulmonary, endocrine, cardiovascular, and gastro-intestinal problems. All patients had a tetraparesis with contractures. 
This led to immobilization and frequent hospital admissions. Most patients expressed the wish to no longer undergo intensive 
medical treatments, and waived follow-up programs.
Conclusions Paucity of descriptions in the literature, and withdrawal from medical care complicate the acquisition of follow-
up data on the natural history of long-term survivors. Irrespective of these limitations, we have obtained impression of the 
many problems that these patients face when surviving beyond 30 years of age. Awareness of these problems is needed to 
guide follow-up, counselling, and (palliative) care; decisions about life-prolonging treatments should be well considered.
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Introduction

Ataxia telangiectasia (A–T) is a neurodegenerative disor-
der caused by mutations in the ATM gene, coding for an 
enzyme that plays a role in cell cycle control and DNA 
repair [1]. A–T is characterized by cerebellar ataxia, 
extrapyramidal movement disorders, oculocutaneous 
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telangiectasia, immunodeficiency and pulmonary dys-
function [2]. Due to the underlying DNA repair defect, 
patients are radiosensitive and at increased risk of cancer 
[3]. Most patients become wheelchair bound around the 
age of 10 years [2] and generally die in the second or third 
decade of life due to malignancies or respiratory insuf-
ficiency [4–6].

Some A–T patients survive beyond the age of 30 years. 
Most of them have ‘variant A-T’ and their prolonged sur-
vival results from the presence of some residual ATM 
kinase activity [4, 7]. These patients have a milder neuro-
logical disease course with absence of immunodeficiency 
and pulmonary problems [7, 8]. A small proportion of A–T 
patients who survive beyond the age of 30 years, however, 
lack ATM kinase activity and have classic A–T. These 
patients are labelled ‘long-term survivors’, representing 
exceptional cases in a group with a severely reduced life-
expectancy. Detailed descriptions of long-term survivors 
with classic A–T are rare and were never studied sys-
tematically. Importantly, improvements in symptomatic 
treatment of patients with A–T may lead to an increase in 
survival. Therefore, the problems that older patients with 
A-T are confronted with, need to be recognized. Here we 
aim to comprehensively define the phenotype of long-term 
survivors with classic A–T by combining data from the 
Dutch cohort with a review of the literature.

Methods

Dutch cohort

Clinical, genetic and laboratory data of classic A–T 
patients who survived beyond the age of 30 years were 
retrospectively collected from their medical records and 
from our database of genetically confirmed A–T cases. All 
Dutch patients had the classic A–T phenotype as described 
in the “Introduction” and all but two had demonstrated 
absence of residual ATM kinase activity. The remaining 
two siblings were compound heterozygous for a frameshift 
mutation and a nonsense mutation, respectively, that would 
both prevent expression of any ATM protein. As expected 
from the presence of these mutations they had a classic 
phenotype as previously described [4].

Literature search

We searched the PubMed database for reports on patients 
with classic A–T beyond the age of 30 years. We combined 
search terms for ‘ataxia telangiectasia’ (Louis–Bar syn-
drome), with search terms for ‘old’ (adult*, long, surviv*, 
elder*, matur*, senior) or ‘classic’ (classic*). Patients with 

a mild, atypical or variant phenotype (other than only a long-
term survival) and patients with proven residual ATM kinase 
activity were excluded. Additional reports were identified 
through hand-searching of reference lists of relevant papers.

Extraction of data

The following data were retrieved from the patients’ medi-
cal records or our database: sex, age, age of death, cause 
of death, ATM mutations, and results from studies in 
lymphoblastoid cell lines (i.e., expression of ATM protein 
and absence of residual ATM kinase activity). For patients 
who were annually seen at our centre, medical records were 
searched for medical history, prescribed medication, and 
problems mentioned during interviews. Abnormal findings 
at physical examination and from laboratory and other diag-
nostic tests were collected. Furthermore, medical histories 
and our database were specifically queried for diseases, 
abnormalities or problems that were found in other patients 
or in the literature, in an iterative manner. For deceased 
patients who were not annually followed at our centre, data 
were retrieved from the patients’ primary medical centre. 
If mentioned, the same data were extracted for the patients 
described in the literature. If data were not reported, these 
were noted as ‘missing’ instead of ‘not present’. The only 
exception we made was for malignancy: if its presence was 
not reported in a detailed case description, we assumed this 
was not present.

Results

The Dutch cohort consisted of seven classic A–T patients 
(four male and three female) who survived beyond the age 
of 30 years. Their ages ranged from 32 to 54 years. Three 
patients were alive at the end of follow-up, while four 
patients had deceased. All seven patients were previously 
described [4, 7] (see Table 1). A case description with 
photo- and video material of both the youngest (patient 1, 
age 32 years) and oldest (patient 7, age 54 years) patient 
from this series are shown in Online Resources 1 (case 
descriptions), 2 (photos of patient 1), and 3 (video of patient 
7), respectively. 

Fourteen additional A–T patients beyond the age of 30 
were retrieved by the literature search [9–19] (see Table 2). 
In only three of them it was mentioned that the diagnosis of 
A–T was confirmed genetically. In ten patients, the clinical 
diagnosis of A–T was supported by elevated serum alpha-
protein (AFP) levels, and/or the presence of typical cytoge-
netic abnormalities (see Online Resource 4). In one patient, 
the clinical diagnosis, which we considered convincing 
enough to include the patient in the present study, was not 
substantiated by laboratory results.
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The problems that were found in classic A–T patients 
beyond the age of 30 years are listed in Table 3. We decided 
to divide these problems into four categories: general, neuro-
logical, functional and psychosocial problems. These results 
will be discussed in the next section.

Discussion

A–T is generally considered to be a childhood disease 
since the majority of patients present in early life and die 
in or before early adulthood. However, some patients sur-
vive longer than would be expected. Their clinical picture 
includes a combination of medical, psychosocial and exis-
tential problems.

General problems

The number of classic A–T patients beyond the age of 
30 years who developed a malignancy seems to be somewhat 
higher compared to percentages found in larger A–T cohort 
studies [20, 21], probably due to the longer follow-up dura-
tion. Survival after the development of a malignancy is short 
in A–T [4], at least partly due to the fact that radiation and 
chemotherapy cannot be applied at appropriate doses due 
to the underlying disease mechanism (DNA repair defect, 
increased radiosensitivity). Older patients with A–T have the 
additional disadvantage of a severe restrictive impairment of 
their lung function, which makes mechanical ventilation, and 
therefore oncologic surgery, challenging [17, 22].

The presence of tachypnea and tachycardia in older 
patients with A–T seems to reflect their poor, mainly 
restrictively disturbed lung function. Severe pulmonary 
infections occurred frequently in older patients with A–T 
and were a cause of death in the majority of them [9, 10, 
13, 17], due to a combination of a troublesome general 
condition, impairments of pulmonary function, and severe 
motor disturbances including dysphagia. The immunode-
ficiency in older patients with A–T does not seem to pro-
gress. Interestingly, three Dutch patients who had an  IgG2 
deficiency managed to survive beyond the age of 30 years, 
whilst  IgG2 deficiency is correlated with poor survival in 
A–T [4]. Apparently, other factors played a role in these 
cases. IgM was asymptomatically elevated in four Dutch 
patients. None of them had a hyper-IgM phenotype with 
IgA and IgG deficiency, a phenotype that is associated 
with a severe reduction in life expectancy [4, 23].

Diabetes mellitus is a known problem in older patients 
with A–T [24, 25]. Two Dutch sisters had diabetes mellitus 
with severe insulin resistance, complicated by retinopa-
thy and nephropathy. The presence of diabetes mellitus in 
older patients with A–T, combined with a relatively high 
number of older A–T patients with hypercholesterolemia Ta
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and hypertension, show that metabolic syndrome is a 
major age-related problem in A–T [25]. One Dutch patient 
had an ischemic stroke at the age of 37 years. To our 
knowledge, ischemic stroke—in contrast to intracerebral 
haemorrhage due to brain telangiectasias or tumours—was 
never reported before in A–T.

Our data confirm that elevated serum liver enzymes and 
hepatic steatosis are frequently encountered in patients 
with A–T [25–28] and worsen with age [25]. Although 
progression to liver fibrosis or cirrhosis is described in 
the literature [9, 25, 26], we did not encounter clinically 
relevant liver function problems in our patients.

Interestingly, five Dutch patients developed an iron 
deficiency anaemia. Further diagnostic investigations 
were conducted in only one patient (patient 7, see Online 
Appendix e-1). Nevertheless, all patients received iron 
supplementation. This phenomenon was not previously 
described in A–T, but unexplained anaemia is a common 
phenomenon in the elderly [29]. During life, telangiecta-
sias expand from sclerae and skin to other organs within 
the body of A–T patients, the brain being the most fre-
quently documented one [9, 10, 13, 14, 16, 17].

Neurological problems

The neurological phenotype in older patients with A–T 
is mainly characterized by a progressive neuropathy and 
anterior horn cell disease.[9, 19, 30]. Cerebellar ataxia and 
extrapyramidal movement disorders such as chorea, tremor 
and myoclonus seem to “disappear”, as these (central) 

movement disorders are superseded by the loss of motor 
function due to progressive neuromuscular involvement. 
Due to a combination of muscle weakness and dystonia, 
most older patients have difficulties raising their head (so-
called ‘head drop’), causing neck pain and problems with 
feeding and talking. As the (originally mainly cerebellar 
and dystonic) dysarthria worsens due to muscle weakness 
and hypophonia, the speech becomes less intelligible. Bone 
deformities, joint contractures and scoliosis were common 
in older patients with A–T.

Functional problems

All patients with classic A–T beyond the age of 30 years 
were wheelchair-bound and dependent on others in activities 
of daily living (ADL). As a result of immobilization most 
patients developed pressure sores and had constipation. Fur-
thermore, patients had osteoporosis and were at risk for bone 
fractures, due to a combination of immobility, poor weight 
status and endocrine abnormalities [31, 32]. In two Dutch 
patients, a bone fracture occurred semi-spontaneously (after 
a minor trauma). Functional impairments in arm and hand 
functions are difficult to compensate with aids or devices due 
to the muscle weakness. All Dutch patients were unable to 
write, type, or use a phone. All patients needed help with 
feeding. Eye movement abnormalities (such as abnormal 
saccades and pursuit, and nystagmus) increase with age 
in A–T, [33] and therefore the use of a visual aid tool to 
improve visual function is often not an option.

Table 2  Fourteen classic A–T 
patients from the literature who 
survived beyond the age of 
30 years

a Genetically confirmed diagnosis

References Patient Sex Age Cause of death

Goodman [19] 1 M 42 –
2 F 38 –

Amromin [9] Single case F 32† Respiratory failure
Agamanolis [10] Single case M 31† Respiratory failure with cardiac arrest
Cabot [11] Case 2 M 30† Malignancy
Mock [12] Single case F 34† Malignancy
Kovacs [13] Case 2 F 34† Multiple causes

Case 3 F 38† Respiratory failure
Opeskin [14] Single case M 34† Respiratory failure
Degan [15] LAa M 34 –
Habek [16] Single case V 34† Sepsis
Lockman [17] Ea F 31† Respiratory failure

Ga F 33† Respiratory failure and sepsis
Lin [18] 9 M 34 –
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Table 3  Problems in classic A–T patients beyond the age of 30 years

a For some patients data were missing (i.e., not known, not noted or not tested for)

Category Problem N in 7 Dutch 
patients
(present/
reported)a

N in 14 literature 
patients (present/
reported)a

General Progeric features of skin and hair 4/4 4/4
Malignancy 3/7 7/12
Solid 2/3 2/7
Haematological 1/3 5/7

Pulmonary Severe lung infections in adulthood 2/6 6/9
Restrictive lung disease 4/4 0/0
Tachypnea and/or tachycardia 7/7 3/3

Immunology IgG2 deficiency 3/6 1/6
IgA deficiency 2/7 4/6
High IgM (without IgG and IgA deficiency) 4/7 0/4
Use of immunoglobulin substitution therapy 0/6 0/0
Use of antibiotic prophylaxis 0/6 1/1

Endocrine/metabolic Low body weight and BMI 3/5 5/5
Hyperthyroidism 2/5 0/1
(Insulin resistant) diabetes mellitus/elevated glucose or HbA1c levels 6/7 3/4
Hypercholesterolemia 4/4 0/1

Cardiovascular Hypertension/cardiomyopathy 4/7 1/1
Iron deficiency anaemia 5/7 0/1
Telangiectasia in other organs than eyes/skin 1/4 6/6

Gastro-intestinal Gastro-oesophageal reflux 3/6 1/1
Elevated liver function tests 5/7 2/4
Hepatic steatosis 3/3 1/2
Enlarged liver 2/5 2/2

Neurological Generalized muscle weakness causing tetraparesis/paralysis with anteflex-
ion of head

7/7 8/8

Peripheral neuropathy with atrophy, areflexia, autonomic dysfunction 5/5 8/8
Severe dysarthria/anarthria 7/7 8/9
Contractures/deformities 6/6 5/5
Scoliosis 1/4 4/4
Oculomotor apraxia 6/7 7/7

Functional Immobility (wheelchair) 7/7 8/8
ADL dependency 7/7 4/4
Urine incontinence 3/5 0/0
Constipation/haemorrhoids 4/7 0/0
Fractures/osteoporosis 3/3 0/0
Pressure sores 5/6 0/0

Psychosocial Pain 2/5 0/0
Mood problems 3/4 0/0
Cognitive problems 1/5 4/7
Fatigue 3/5 0/0
Recurrent admissions to hospital 4/7 3/3
Parents are caretakers 5/7 0/0
Withdrawal from medical care/wish for treatment limitation 6/7 2/2
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Psychosocial problems

Although validated questionnaires to assess quality of life 
were not used by us, nor was this explicitly scored in any 
of the patients from the literature, we believe this is poor 
in older patients with A–T. Next to the neurological com-
plications of the disease, patients suffered from pain due 
to contractures and from mood disturbances. Probably the 
awareness of their incapacities and functional limitations 
increased with age [34]. In none of the patients the cogni-
tive functions were formally tested. However, some patients 
were stated to have a cognitive impairment. We believe their 
cognition was partly underestimated due to aforementioned 
motor and speech impairments. It is known that cognitive 
dysfunction and mood disturbances can be part of the cer-
ebellar cognitive affective syndrome, that emerges with age 
in A–T [35]. We did not find evidence for the development 
of overt dementia in A–T.

Fatigue was often reported in older patients with A–T, 
comparable to other hereditary ataxias [36]. This can partly 
be explained by the restricted lung function in A–T, causing 
decreased tissue oxygenation. Another problem was the fact 
that these older patients have older parents. Regardless of 
their own age, parents continued to be the most prominent 
caregivers for their child with A–T. It is generally known 
that the primary concern of most parents is the health of, and 
care for, their handicapped child [37]. Confronted with the 
problems of their child, parents may deny their own health 
problems [38].

In the last years of their lives, most patients were recur-
rently admitted to the hospital, mainly because of severe 
infections or respiratory problems. During these admissions, 
decisions about life-prolonging treatments often came up, 
and in most cases, the patients themselves requested for a 
treatment limitation.

Strengths and limitations

One of the major limitations of this study is the lack of com-
plete data, what seems inherent to the population studied. 
Older patients tended to withdraw from medical care and 
requested limitations in diagnostic procedures since these 
were too invasive or painful. Because the presence of many 
health issues was not systematically tested for, we had to 
deal with a high proportion of missing data, leading to more 
narrative reviews of some clinical domains. Reports from the 
literature mainly focused on autopsy or imaging findings in 
older patients with A–T, and functional and psychosocial 
problems were heavily underreported.

Future directions

All Dutch patients presented in this study had absence of 
residual ATM kinase activity and therefore, they must have 
another reason for their prolonged survival. Interestingly, 
all except for one were compound heterozygous for two dif-
ferent ATM mutations and thus have non-consanguineous 
parents, suggesting that this may rescue them from the 
presence of other autosomal recessive inherited genetic fac-
tors that may negatively influence survival. The only Dutch 
patient with a homozygous ATM mutation, harboured the 
ATM c.3576G > A splice site mutation, which was previ-
ously suggested to cause a mild phenotype with longer sur-
vival [39]. Future studies should try to identify other genetic 
and environmental factors that may contribute to long-term 
survival in A–T.

We believe that in older A–T patients, decisions about 
life-prolonging treatments and chances of recovery should 
be well considered and discussed within the medical team 
and with the patients and their families. Furthermore, the 
care for patients with a rare disease such as A–T should be 
coordinated by doctors familiar with the disease. We recom-
mend a multidisciplinary team that consists of both paediat-
ric and adult physicians, to simplify and optimize transition 
of care and to prevent patients from getting lost to follow-up.

Conclusion

In its most common form, A–T is a severe, multisystem and 
progressive disease. Long-term survival of classic A–T is 
accompanied by an increase in both physical as psychoso-
cial problems. Ongoing and structured follow-up of A–T 
patients, also in the final stage of their disease, is important 
for prevention, timely identification, and management of 
these problems.

Acknowledgements We want to thank the Twan Foundation 
(Veenendaal, the Netherlands) for their support. We thank our col-
leagues from the multidisciplinary A-T team from the Radboud uni-
versity medical center (Nijmegen, the Netherlands): Koen van Aerde, 
Marjo van Gerven, Anjo Janssen, Peter Merkus, Michiel Schoenaker, 
Anna Simon, Riet Strik-Albers, and Stefanie Veenhuis.

Author contributions All authors contributed to the study conception 
and design. Material preparation, data collection and analysis were 
performed by NJHO, MD, CMRW and MAAPW. The first draft of 
the manuscript was written by NJHO and all authors commented on 
previous versions of the manuscript. All authors read and approved 
the final manuscript.

Compliance with ethical standards 

Conflicts of interest This study was funded by the Twan Foundation, 
Veenendaal, The Netherlands. Bart van de Warrenburg receives re-



836 Journal of Neurology (2020) 267:830–837

1 3

search support from ZonMW, Hersenstichting, Radboud university 
medical center, and Bioblast Pharma. The authors declare that they 
have no conflict of interest.

Ethical approval The study was approved by the Regional Committee 
on Research involving Human Subjects Arnhem-Nijmegen.

Informed consent Informed consent was given by all patients or care-
takers of patients with identifiable data.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creat iveco 
mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.

References

 1. Savitsky K, Bar-Shira A, Gilad S, Rotman G, Ziv Y, Vanagaite L, 
Tagle DA, Smith S, Uziel T, Sfez S, Ashkenazi M, Pecker I, Fry-
dman M, Harnik R, Patanjali SR, Simmons A, Clines GA, Sartiel 
A, Gatti RA, Chessa L, Sanal O, Lavin MF, Jaspers NG, Taylor 
AM, Arlett CF, Miki T, Weissman SM, Lovett M, Collins FS, 
Shiloh Y (1995) A single ataxia telangiectasia gene with a product 
similar to PI-3 kinase. Science (New York, NY) 268:1749–1753

 2. Boder E (1985) Ataxia-telangiectasia: an overview. Kroc Found 
series 19:1–63

 3. Lavin MF (2008) Ataxia-telangiectasia: from a rare disorder to a 
paradigm for cell signalling and cancer. Nat Rev Mol Cell Biol 
9:759–769

 4. van Os NJH, Jansen AFM, van Deuren M, Haraldsson A, van 
Driel NTM, Etzioni A, van der Flier M, Haaxma CA, Morio T, 
Rawat A, Schoenaker MHD, Soresina A, Taylor AMR, van de 
Warrenburg BPC, Weemaes CMR, Roeleveld N, Willemsen M 
(2017) Ataxia-telangiectasia: immunodeficiency and survival. 
Clin Immunol (Orlando, Fla) 178:45–55

 5. Crawford TO, Skolasky RL, Fernandez R, Rosquist KJ, Lederman 
HM (2006) Survival probability in ataxia telangiectasia. Arch Dis 
Child 91:610–611

 6. Micol R, Ben Slama L, Suarez F, Le Mignot L, Beaute J, Mahl-
aoui N, Dubois d’Enghien C, Lauge A, Hall J, Couturier J, Val-
lee L, Delobel B, Rivier F, Nguyen K, Billette de Villemeur T, 
Stephan JL, Bordigoni P, Bertrand Y, Aladjidi N, Pedespan JM, 
Thomas C, Pellier I, Koenig M, Hermine O, Picard C, Moshous D, 
Neven B, Lanternier F, Blanche S, Tardieu M, Debre M, Fischer 
A, Stoppa-Lyonnet D (2011) Morbidity and mortality from ataxia-
telangiectasia are associated with ATM genotype. J Allergy Clin 
Immunol 128:382–389.e381

 7. Verhagen MM, Last JI, Hogervorst FB, Smeets DF, Roeleveld 
N, Verheijen F, Catsman-Berrevoets CE, Wulffraat NM, Cobben 
JM, Hiel J, Brunt ER, Peeters EA, Gomez Garcia EB, van der 
Knaap MS, Lincke CR, Laan LA, Tijssen MA, van Rijn MA, 
Majoor-Krakauer D, Visser M, Veer LJ, Kleijer WJ, Warrenburg 
BP, Warris A, Groot IJ, Groot R, Broeks A, Preijers F, Kremer 
BH, Weemaes CM, Taylor MA, Deuren M, Willemsen MA (2012) 
Presence of ATM protein and residual kinase activity correlates 
with the phenotype in ataxia-telangiectasia: a genotype-phenotype 
study. Hum Mutat 33:561–571

 8. Schon K, van Os N, Oscroft N, Baxendale H, Scoffings D, Ray 
J, Suri M, Whitehouse WP, Mehta PR, Everett N, Bottolo L, 
van de Warrenburg BP, Byrd PJ, Weemaes C, Willemsen MA, 

Tischkowitz M, Taylor AM, Hensiek AE (2018) Genotype, extrap-
yramidal features and severity of variant ataxia-telangiectasia. 
Ann Neurol 85:170–180

 9. Amromin GD, Boder E, Teplitz R (1979) Ataxia-telangiectasia 
with a 32 year survival. A clinicopathological report. J Neuro-
pathol Exp Neurol 38:621–643

 10. Agamanolis DP, Greenstein JI (1979) Ataxia-telangiectasia. 
Report of a case with Lewy bodies and vascular abnormalities 
within cerebral tissue. J Neuropathol Exp Neurol 38:475–489

 11. Cabot RC (1987) Case records of the Massachusetts General 
Hospital. Weekly clinicopathological exercises. Case 2–1987. A 
30-year-old man with ataxia-telangiectasia and dysphagia. N Engl 
J Med 316:91–100

 12. Mock C, Coleman G, Ree JH, Abuelo DN, Crowley JP (1988) 
Ataxia telangiectasia and acinic cell carcinoma of the parotid 
gland. J Surg Oncol 39:133–138

 13. Kovacs K, Giannini C, Scheithauer BW, Stefaneanu L, Lloyd RV, 
Horvath E (1997) Pituitary changes in ataxia-telangiectasia syn-
drome: an immunocytochemical, in situ hybridization, and DNA 
cytometric study of three cases. Endocr Pathol 8:195–203

 14. Opeskin K, Waterston J, Nirenberg A, Hare WS (1998) Ataxia 
telangiectasia with long survival. J Clin Neurosci 5:471–473

 15. Degan P, d’Ischia M, Pallardo FV, Zatterale A, Brusco A, Cal-
zone R, Cavalieri S, Kavakli K, Lloret A, Manini P, Pisanti MA, 
Vuttariello E, Pagano G (2007) Glutathione levels in blood from 
ataxia telangiectasia patients suggest in vivo adaptive mechanisms 
to oxidative stress. Clin Biochem 40:666–670

 16. Habek M, Brinar VV, Rados M, Zadro I, Zarkovic K (2008) 
Brain MRI abnormalities in ataxia-telangiectasia. Neurologist 
14:192–195

 17. Lockman JL, Iskander AJ, Bembea M, Crawford TO, Lederman 
HM, McGrath-Morrow S, Easley RB (2012) The critically ill 
patient with ataxia-telangiectasia: a case series. Pediatr Crit Care 
Med 13:e84–90

 18. Lin DD, Barker PB, Lederman HM, Crawford TO (2014) Cerebral 
abnormalities in adults with ataxia-telangiectasia. Am J Neurora-
diol 35:119–123

 19. Goodman WN, Cooper WC, Kessler GB, Fischer MS, Gardner 
MB (1969) Ataxia-telangiectasia. A report of two cases in siblings 
presenting a picture of progressive spinal muscular atrophy. Bull 
Los Angeles Neurol Soc 34:1–22

 20. Suarez F, Mahlaoui N, Canioni D, Andriamanga C, Dubois 
d’Enghien C, Brousse N, Jais JP, Fischer A, Hermine O, Stoppa-
Lyonnet D (2015) Incidence, presentation, and prognosis of 
malignancies in ataxia-telangiectasia: a report from the French 
national registry of primary immune deficiencies. J Clin Oncol 
33:202–208

 21. Reiman A, Srinivasan V, Barone G, Last JI, Wootton LL, Davies 
EG, Verhagen MM, Willemsen MA, Weemaes CM, Byrd PJ, 
Izatt L, Easton DF, Thompson DJ, Taylor AM (2011) Lymphoid 
tumours and breast cancer in ataxia telangiectasia; substantial pro-
tective effect of residual ATM kinase activity against childhood 
tumours. Br J Cancer 105:586–591

 22. Verhagen MM, van Deuren M, Willemsen MA, Van der Hoeven 
HJ, Heijdra YF, Yntema JB, Weemaes CM, Neeleman C (2009) 
Ataxia-telangiectasia and mechanical ventilation: a word of cau-
tion. Pediatr Pulmonol 44:101–102

 23. Krauthammer A, Lahad A, Goldberg L, Sarouk I, Weiss B, 
Somech R, Soudack M, Pessach IM (2018) Elevated IgM levels 
as a marker for a unique phenotype in patients with ataxia telan-
giectasia. BMC Pediatr 18:185

 24. Rothblum-Oviatt C, Wright J, Lefton-Greif MA, McGrath-Mor-
row SA, Crawford TO, Lederman HM (2016) Ataxia telangiecta-
sia: a review. Orphanet J Rare Dis 11:159

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


837Journal of Neurology (2020) 267:830–837 

1 3

 25. Paulino TL, Rafael MN, Hix S, Shigueoka DC, Ajzen SA, Kochi 
C, Suano-Souza FI, da Silva R, Costa-Carvalho BT, Sarni ROS 
(2017) Is age a risk factor for liver disease and metabolic altera-
tions in ataxia telangiectasia patients? Orphanet J Rare Dis 12:136

 26. Weiss B, Krauthammer A, Soudack M, Lahad A, Sarouk I, 
Somech R, Heimer G, Ben-Zeev B, Nissenkorn A (2016) Liver 
disease in pediatric patients with ataxia telangiectasia: a novel 
report. J Pediatr Gastroenterol Nutr 62:550–555

 27. Ehlayel M, Soliman A, De Sanctis V (2014) Linear growth and 
endocrine function in children with ataxia telangiectasia. Indian 
J Endocrinol Metab 18:S93–96

 28. Caballero T, Caba-Molina M, Salmeron J, Gomez-Morales M 
(2014) Nonalcoholic steatohepatitis in a patient with ataxia-tel-
angiectasia. Case Rep Hepatol 2014:761250

 29. Guralnik JM, Eisenstaedt RS, Ferrucci L, Klein HG, Woodman 
RC (2004) Prevalence of anemia in persons 65 years and older in 
the United States: evidence for a high rate of unexplained anemia. 
Blood 104:2263–2268

 30. Verhagen MM, van Alfen N, Pillen S, Weemaes CM, Yntema JL, 
Hiel JA, Ter Laak H, van Deuren M, Broeks A, Willemsen MA 
(2007) Neuromuscular abnormalities in ataxia telangiectasia: a 
clinical, electrophysiological and muscle ultrasound study. Neu-
ropediatrics 38:117–121

 31. Shiloh Y, Lederman HM (2017) Ataxia-telangiectasia (A-T): 
an emerging dimension of premature ageing. Ageing Res Rev 
33:76–88

 32. Pommerening H, van Dullemen S, Kieslich M, Schubert R, 
Zielen S, Voss S (2015) Body composition, muscle strength and 

hormonal status in patients with ataxia telangiectasia: a cohort 
study. Orphanet J Rare Dis 10:155

 33. Farr AK, Shalev B, Crawford TO, Lederman HM, Winkelstein JA, 
Repka MX (2002) Ocular manifestations of ataxia-telangiectasia. 
Am J Ophthalmol 134:891–896

 34. Perlman S, Becker-Catania S, Gatti RA (2003) Ataxia-telangiec-
tasia: diagnosis and treatment. Semin Pediatr Neurol 10:173–182

 35. Hoche F, Daly MP, Chutake YK, Valera E, Sherman JC, Schmah-
mann JD (2018) The cerebellar cognitive affective syndrome in 
ataxia-telangiectasia. Cerebellum (London, England) 18:225–244

 36. Brusse E, Brusse-Keizer MG, Duivenvoorden HJ, van Swieten JC 
(2011) Fatigue in spinocerebellar ataxia: patient self-assessment 
of an early and disabling symptom. Neurology 76:953–959

 37. Caicedo C (2014) Families with special needs children: fam-
ily health, functioning, and care burden. J Am Psychiatr Nurses 
Assoc 20:398–407

 38. Pilapil M, Coletti DJ, Rabey C, DeLaet D (2017) Caring for the 
caregiver: supporting families of youth with special health care 
needs. Curr Probl Pediatr Adolesc Health Care 47:190–199

 39. van Os NJH, Chessa L, Weemaes CMR, van Deuren M, Fievet A, 
van Gaalen J, Mahlaoui N, Roeleveld N, Schrader C, Schindler 
D, Taylor AMR, Van de Warrenburg BPC, Dork T, Willemsen M 
(2019) Genotype-phenotype correlations in ataxia telangiectasia 
patients with ATM c.3576G %3e A and c.8147T %3e C mutations. 
J Med Genet 56:308–316


	Classic ataxia-telangiectasia: the phenotype of long-term survivors
	Abstract
	Objective 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Dutch cohort
	Literature search
	Extraction of data

	Results
	Discussion
	General problems
	Neurological problems
	Functional problems
	Psychosocial problems
	Strengths and limitations
	Future directions

	Conclusion
	Acknowledgements 
	References




