
Dietary management of urea cycle disorders: European practice

S. Adam a, M.F. Almeida b, M. Assoun c, J. Baruteau d, S.M. Bernabei e, S. Bigot f, H. Champion g, A. Daly h,
M. Dassy i, S. Dawson j, M. Dixon k, K. Dokoupil l, S. Dubois c, C. Dunlop a, S. Evans h, F. Eyskens m, A. Faria n,
E. Favre o, C. Ferguson p, C. Goncalves q, J. Gribben r, M. Heddrich-Ellerbrok s, C. Jankowski t,
R. Janssen-Regelink u, C. Jouault v, C. Laguerre d, S. Le Verge c, R. Link w, S. Lowry x, K. Luyten m, A.MacDonald h,⁎,
C. Maritz y, S. McDowell z, U. Meyer aa, A. Micciche r, M. Robert ab, L.V. Robertson ac, J.C. Rocha b, C. Rohde ad,
I. Saruggia ae, E. Sjoqvist af, J. Stafford k, A. Terry ag, R. Thom ah, K. Vande Kerckhove ai, M. van Rijn aj,
A. van Teeffelen-Heithoff ak, A.van Wegberg u, K. van Wyk r, C. Vasconcelos al, H. Vestergaard am, D. Webster t,
F.J. White an, J. Wildgoose ao, H. Zweers u

a Royal Hospital for Sick Children, Glasgow Royal Infirmary, Glasgow, UK
b Centro de Genética Médica, Jacinto de Magalhães, CHP Porto, Portugal
c Service des Maladies Héréditaires du Métabolisme, Hospital Necker Enfants Malades, Paris, France
d Centre de Compétence de L'hôpital des Enfants de Toulouse, France
e Ospedale Pediatrico Bambino Gesù, Division of Epato-Gastro-Nutrizione, Rome, Italy
f Centre de Rennes, France
g Addenbrooke's Hospital, Cambridge, UK
h Birmingham Children's Hospital NHS Foundation Trust, UK
i Cliniques Universitaires St Luc, Brussels, Belgium
j Royal Hospital for Sick Children, Edinburgh, UK
k Great Ormond Street Hospital for Children NHS Trust, London, UK
l Dr. von Hauner Children's Hospital of the University of Munich, Germany
m Centre of IMD, Antwerp, Belgium
n Hospital Pediatrico, Centro Hospitalar e Universitario de Coimbra, EPE, Portugal
o Centre de Référence des Maladies Héréditaires du Métabolisme, CHU, Nancy, France
p Newcastle upon Tyne Hospitals NHS Foundation Trust, Newcastle, UK
q Servico de Saude da RAM EPE, Madeira Island, Portugal
r Evelina London Children's Hospital, Guy's and St Thomas' NHS Foundation Trust, London, UK
s University Children's Hospital Hamburg Eppendorf, Germany
t University Hospitals Bristol NHS Foundation Trust, UK
u Radboud University Nijmegen Medical Centre, Netherlands
v University Hospital, Angers, France
w Chair SSIEM-DG, Wiesbaden, Germany
x Sheffield Children's NHS Foundation Trust, Sheffield, UK
y Charles Dent Metabolic Unit, National Hospital for Neurology and Neurosurgery, London, UK
z Leicester Royal Infirmary, University Hospitals of Leicester NHS Trust, UK
aa Hannover Medical School, Germany
ab Hospital Universitaire des Enfants — Reine Fabiola, Brussels, Belgium
ac University Hospitals Birmingham NHS Foundation Trust, UK
ad Hospital for Children & Adolescents, University of Leipzig, Germany
ae Reference Centre for Hereditary Metabolic Diseases — PR Chabrol, Marseille, France
af University Hospital of Skane, Lund, Sweden
ag Alder Hey Children's Hospital NHS Foundation Trust, Liverpool, UK
ah Royal Belfast Hospital for Sick Children, Victoria Hospital, UK
ai Metabolic Department, University Hospitals Leuven, Belgium
aj University of Groningen, University Medical Center Groningen, Netherlands
ak University Children's Hospital, Munster, Germany
al Centro Hospitalar São João, Unidade de Doenças Metabólicas, Porto, Portugal
am National University Hospital, Copenhagen, Denmark
an Central Manchester University Hospitals NHS Foundation Trust, Manchester, UK
ao Bradford Teaching Hospital NHS Trust, Bradford, UK

Molecular Genetics and Metabolism xxx (2013) xxx–xxx

⁎ Corresponding author at: Dietetic Dept, Birmingham Children's Hospital, Steelhouse Lane, Birmingham B4 6NH, UK. Fax: +44 1213338020.
E-mail address: anita.macdonald@bch.nhs.uk (A. MacDonald).

YMGME-05628; No. of pages: 7; 4C:

1096-7192/$ – see front matter © 2013 Elsevier Inc. All rights reserved.
http://dx.doi.org/10.1016/j.ymgme.2013.09.003

Contents lists available at ScienceDirect

Molecular Genetics and Metabolism

j ourna l homepage: www.e lsev ie r .com/ locate /ymgme

Please cite this article as: S. Adam, et al., Dietary management of urea cycle disorders: European practice, Mol. Genet. Metab. (2013), http://
dx.doi.org/10.1016/j.ymgme.2013.09.003

http://dx.doi.org/10.1016/j.ymgme.2013.09.003
mailto:anita.macdonald@bch.nhs.uk
http://dx.doi.org/10.1016/j.ymgme.2013.09.003
http://www.sciencedirect.com/science/journal/10967192
http://dx.doi.org/10.1016/j.ymgme.2013.09.003
http://dx.doi.org/10.1016/j.ymgme.2013.09.003


a b s t r a c ta r t i c l e i n f o

Article history:
Received 6 June 2013
Received in revised form 4 September 2013
Accepted 6 September 2013
Available online xxxx

Keywords:
Metabolic
Urea cycle disorders (UCD)
Protein restricted diet
Essential amino acids (EAA)
Branch chain amino acids (BCAA)

Background: There is no published data comparing dietarymanagement of urea cycle disorders (UCD) indifferent
countries.
Methods: Cross-sectional data from 41 European Inherited Metabolic Disorder (IMD) centres (17 UK, 6 France, 5
Germany, 4 Belgium, 4 Portugal, 2 Netherlands, 1 Denmark, 1 Italy, 1 Sweden)was collected by questionnaire de-
scribing management of patients with UCD on prescribed protein restricted diets.
Results: Data for 464 patients: N-acetylglutamate synthase (NAGS) deficiency, n = 10; carbamoyl phosphate
synthetase (CPS1) deficiency, n = 29; ornithine transcarbamoylase (OTC) deficiency, n = 214; citrullinaemia,
n = 108; argininosuccinic aciduria (ASA), n = 80; arginase deficiency, n = 23 was reported. The majority of
patients (70%; n = 327) were aged 0–16 y and 30% (n = 137) N16 y. Prescribed median protein intake/kg
bodyweight decreasedwith agewith little variation between disorders. TheUK tended to givemore total protein
than other European countries particularly in infancy. Supplements of essential amino acids (EAA) were pre-
scribed for 38% [n = 174] of the patients overall, but were given more commonly in arginase deficiency (74%),
CPS (48%) and citrullinaemia (46%). Patients in Germany (64%), Portugal (67%) and Sweden (100%) were the
most frequent users of EAA. Only 18% [n = 84] of patients were prescribed tube feeds, most commonly for
CPS (41%); and 21% [n = 97] were prescribed oral energy supplements.
Conclusions:Dietary treatment for UCDvaries significantly betweendifferent conditions, and between andwithin
European IMD centres. Further studies examining the outcome of treatment compared with the type of dietary
therapy and nutritional support received are required.

© 2013 Elsevier Inc. All rights reserved.

1. Introduction

Urea cycle disorders (UCD) are rare defects in the metabolism of
waste nitrogen from the breakdown of protein and other nitrogen con-
tainingmolecules. Partial deficiency or total absence of activity of any of
the enzymes in the urea cycle (including carbamoyl-phosphate synthe-
tase 1 [CPS1], ornithine transcarbamoylase [OTC], argininosuccinate
synthetase [ASS], argininosuccinate lyase [ASL], arginase or the co-
factor producer, N-acetylglutamate synthase [NAGS] results in
the accumulation of ammonia and other metabolites. The resulting
hyperammonaemia, manifested by a variety of symptoms including
central nervous system dysfunction, is associated with high mortality
[1] and morbidity [2]. Although symptomsmainly develop in the neona-
tal period, patients differ in presentation age, the character and severity
of symptoms and in their susceptibility to metabolic derangement
depending on the affected enzyme and its residual activity [3]. Dietary
treatment for UCD involves reducing both endogenous and exogenous
waste nitrogen by limiting dietary protein intake and providing adequate
protein-free energy to minimise protein catabolism. In addition, nitrogen
scavenging drugs are frequently used to control these patients [4,5].

Themaintenance dietary treatment of UCD is based on the provision
of a diet low in natural protein, supplements of essential amino acids as
indicated and appropriate nutritional support to avoid catabolic stress.
There are few analytical studies to support the long term dietary treat-
ment approach to UCD [5] and this appears to have developed by cus-
tom and practice. In the recently published UCD guidelines [5], most
dietary recommendations were only based on Grade C–D (expert opin-
ion and case reports/case series) evidence [5]. They suggest that the
FAO/WHO/UNU safe levels of protein [6] be used as a guide to protein
requirements and a pragmatic recommendation of 20–30% of total pro-
tein from EAA supplements (as clinically indicated) with the exception
of arginase deficiency. It is unknown how European dietary manage-
ment of UCD compares with these dietary guidelines.

This paper aims to describe and compare dietary practices in UCD
from a number of different IMD centres throughout Europe caring for
both children and adults with UCD. It compares practice within and be-
tween countries.

2. Materials and methods

2.1. Study design

Members of the Dietitian's Group of both the Society for the Study of
Inborn Errors of Metabolism (SSIEM) and the British Inherited Metabolic

Disease Group (BIMDG) representing hospitals treating patients with
IMD throughout Europe were sent a questionnaire (consisting of 40
open and closed questions) about the dietary management of UCD in
their centre. Dietitians were requested to cascade this questionnaire to
other dietetic colleagues within their country.

Demographic and nutritional data were collected on prescribed diet
therapy for current patients with UCD. Information on patients' dietary
treatment whilst in a steady state (not catabolic or newly diagnosed)
included: prescribed natural protein; supplements of EAA and branch
chain amino acids (BCAA); use of enteral tube feeds and oral energy sup-
plementation. The prescription of nitrogen scavenging drugs, L-arginine
or L-citrulline, is not reported. Clinical outcome and biochemical data
are also not described.

Ethical approval was not required for this study as no specific iden-
tifiable patient data was obtained or used. This was an audit of current
practice in dietetic management of UCD.

3. Results

Questionnaires were returned from 9 countries, representing 41
IMD centres across Europe (Table 1), each centre had between 1 and
71 patients (median 8) providing data on 464 patients with UCD:
N-acetylglutamate synthase (NAGS) deficiency, n = 10; carbamoyl phos-
phate synthetase (CPS) deficiency, n = 29; ornithine transcarbamoylase
(OTC) deficiency, n = 214; citrullinaemia, n = 108; argininosuccinic
aciduria (ASA), n = 80 and arginase deficiency, n = 23 (Table 1).
There was variation in the percentage of each condition between
reporting countries although OTC and citrullinaemia were the most
common (Table 1). All UK data have been previously published [7].

3.1. Patient description

The age distribution of patients is given in Table 2. Forty-three
percent (n = 200) of patients were diagnosed by 30 days of age.
All patients were on prescribed protein restricted diets. The ethnic
origin of most patients was white European (74%, n = 343) followed
by Pakistani (9%, n = 44) (predominantly from the UK, n = 41)
and Arabic (7%, n = 33) (predominantly from France, n = 16; and
Germany, n = 13).

3.2. Protein intake

The prescribed median total protein intake per kg body weight
decreased with age across all disorders (Figs. 1–5). Information on just
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