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Abstract

The Palliative Care (PC) aims to control suffering in the 
physical, psychological, spiritual and social spheres. The 
growing number of studies that emphasize the importance 
of PC in the field of Inborn Metabolic Diseases (IMD) rein-
force the substantial frequency of these conditions in the 
palliative setting. However, the representation of IMD in PC 
is restricted to a single group of complex chronic conditions, 
which does not reach the complexity of these diseases. From 
the four pre-defined groups in pediatric palliative care, the 
IMD corresponding to the clinical courses were adapted. In 
group 1, conditions such as organic aciduria and urea cycle 
defects; in group 2 fatty acid oxidation disorders and MCT/
GLUT; group 3 includes lysosomal, peroxisomal and CDGs; 
in group 4 are amino acids synthesis defects, metabolite 
repair, cellular processing and trafficking and mitochondrial 
disorders. These groups are not static, and conditions may 
behave with characteristics of one of them at some point in 
life. The proposal enables the health professionals who care 
for people with metabolic diseases to recognize potential 
patients who can benefit from palliative care.

Keywords: Inborn errors of metabolism; Metabolic diseases; 
Palliative care; Pediatrics; Metabolism; Pediatric palliative care.

Synopsis: Trajectories of inborn metabolic diseases in palliative 
care: Beyond the pathways.

Introduction

The interface between Palliative Care (PC) and Inborn Meta-
bolic Diseases (IMD) remains incipient. Despite disease modify-
ing treatment, the great majority of IMD have no cure and the sur-
veillance resides in symptoms management and diet approach.

Keeping in mind the PC basic premise of preventing and con-
trolling physical suffering and the multisystem presentation of 
many IMD, the establishment of a parallel between these two 

areas of health is clear. In addition to diagnosis, PC adds to dis-
ease-modifying care, when available, in assistance underlying 
therapy [1].

Concepts of palliative care

The PC is an interdisciplinary approach aimed at adults and 
children that aims to prevent and relieve the suffering in the 
biological, social, spiritual and psychic spheres of a disease. The 
PC are also intended for the patient’s family, as the disease af-
fects everyone [1].
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The diseases treated in the palliative setting are mainly com-
plex chronic conditions, requiring progressive and continuous 
care early in the course of a disease, rather than solely in the 
end-stages, as is commonly associated [2].

Epidemiology of palliative care

According the World Health Organization (WHO), the epide-
miology of Palliative Care (PC) varies considering the popula-
tion age, knowing that adult group corresponds to 67,1% of all 
palliative care needs and the most prevalent conditions are the 
malignant neoplasms (28,2%), HIV disease (22,2%), cerebrovas-
cular diseases (14,1%), dementia (12,2%) and external causes 
(6,4%) [1].

In the pediatric population, the number is considerably 
smaller compared to adults, round 7% of the total global pal-
liative care needs and the conditions which need palliative 
assistance are HIV disease (29,6%), premature birth (17,7%), 
congenital malformations (16,2%), external causes (16%) and 
inflammatory diseases of the Central Nervous System (5,6%) [1].

However, it is important to consider the country in which pal-
liative care is provided, as pathologies can change in frequency. 
Also based on WHO, in adults, the upper-middle income coun-
tries need more PC (38%), followed by lower-middle income 
(29%) and high income (24%). In pediatrics, the lower-middle 
income countries are the ones most in need of PC (49%), fol-
lowed by low-income countries (32,4%) and upper-middle in-
come (16%) of which Brazil is part [1].

In adult PC, a Brazilian study carried out in primary care iden-
tified the main patients eligible for this assistance as demen-
tia (27%), cerebrovascular diseases (26%), muscular diseases 
(12%), other neurological diseases (11%) and congestive heart 
failure (10%) [2].

A recent study shows the prevalence of health condition at 
a Pediatric Palliative Care (PPC) clinic from a quaternary hos-
pital in Brazil. It highlighted as more frequent pathologies epi-
dermolysis bullosa (36.9%), neurological non-Inborn Metabolic 
Diseases (19.0%), IMD (14.3%), dysmorphological and chromo-
somal disorders (8.5%) and skeletal disorders (6.9%) [3].

Epidemiology of inborn metabolic diseases

The general prevalence of IMD varies from 1:800 to 1:2500 
live births. Variation in the prevalence of these conditions is 
closely related to the population in which epidemiological stud-
ies are carried out. Therefore, in countries with a high degree 
of consanguinity there is an increase in rates of metabolic dis-
orders [4,5].

Table 1 summarizes the results of 3 studies in different popu-
lations. Waters (2018) assessed the global prevalence of IMD 
over the years 1980 to 2017 using a meta-analysis. Moammar 
(2010) presented epidemiological data from a province in Saudi 
Arabia between 1983 and 2008. Applegarth (2000) estimated 
the diagnosis of hereditary metabolic diseases in a predomi-
nantly Caucasian population in Canada [6-8].

Table 1: Assessment of the prevalence of IMD in different populations [6-8].

IMD Class
Prevalence (For 100.000 Live Births)

Waters (2018) Moammar (2010) Applegarth (2000)

All IMD All 50,88 149 40

Aminoaciopathies

All 14,69 23 15,1

Phenylketonuria 6,55 7 7,5

MSUD 1,22 7 -

Homocystinuria 0,41 2 -

NKH - 1 -

Tyrosinemia type I - 3 -

Organic acidurias

All 8,71 29 3,7

Propionic 1,07 4 -

Methylmalonic 1,68 6 -

Isovaleric 0,51 4 -

Biotinidase deficiency 1,64 2 -

Fatty acid oxidation disorders

All 6,51 11 -

MCAD 5,78 1 -

SCAD - 2 -

LCHAD - 1 -

-

CPT II - 2 -

Urea cycle disorders
All 2,91 7 1,9

Citrullinemia - 4 -

Carbohydrates metabolism disorders
All 6,19 10

Galactosemia - 10 2,8

Glycogen storage diseases All - 10 2,3

Lysosomal disorders All 13,25 44 7,6

Peroxisomal disorders All 4,13 3 3,5

Mitochondrial diseases All 8,16 8 3,2
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Inborn metabolic diseases in palliative care

The interrelationship between metabolic diseases a PC is 
little explored in the literature. Few studies mention palliative 
care as the foundation of many IMDs, since most do not have 
disease-modifying treatments.

The first study that highlights PC in the context of IMD 
dates back to 2018. Carried out in a specialized PPC unit over 
44 months, an incidence of 15% of patients with IMD was ob-
served, of which the most frequent pathologies were lysosomal 
storage diseases (48.2%), mitochondrial diseases (34.5%) and 
aminoacidopathies (7%) [9].

Also, according to Hoell et al., the average referral time for 
patients with metabolic diseases to the PC service was 2.6 years 
with extensive symptomatological burden, mainly neurological, 
respiratory and gastrointestinal, with no statistical difference 
between groups with metabolic crises and those without cri-
ses. Furthermore, it points out that even for PC professionals, 
the trajectory of these conditions can be unpredictable, which 
makes decision-making processes difficult [9].

In 2021, the interaction between PC and IMD became more 
evident with a Turkish publication that evaluated the preva-
lence of metabolic diseases that were hospitalized and received 
evaluation by the PC team over 1 year. In this service, the IMD 
rate was 19.2%, with complex molecule disorders being the 
most prevalent (50%), followed by energy disorders (27.7%) 
and intoxication (22.3%) [10].

For 20 years, a PPC clinic observed the frequency of IMD, 
which was 14%, with patients in group 3 (complex molecules) 
being the most frequent (64.7%), especially sphingolipidosis. 
The median age of PPC referral was lower in patients with IMD 
compared to those without IMD. However, no difference was 
identified between the IMD pathophysiological groups in the 
time between diagnosis and PPC referral [11].

Regarding symptoms, respiratory were the most frequent, 
being the main responsible for the hospitalizations. Other fre-
quent symptoms were neurological, including convulsions, hy-
potonia, movement disorders and spasticity. Gastrointestinal 
symptoms were also present with many patients (66%) who 
were fed through nasogastric catheter and percutaneous gas-
trostomy tube due to swallowing dysfunction and vomiting [10].

Discussion

With the aim of facilitating the understanding and dimension 
of complex chronic conditions eligible for pediatric palliative 
care, four indication groups were created, which are presented 
in table 2 [12].

Recognized as representatives of one of the groups in the 
field of pediatric palliative care, inborn errors have always been 
allocated to group 3 of chronic complex conditions. However, 
recognizing their broad pathophysiological characterization, as 
well as the course of the diseases, maintaining IMDs only in this 
group limits the recognition of other pathologies whose course 
is different from that described and which could benefit from 
early palliative care.

Table 2: Proposal for adaptation of pediatric palliative care groups for inborn metabolic diseases.

Group Description Classic examples IMD Examples Trajectories

1

Life-threatening conditions for which 
curative treatment may be feasible 
but can fail

Cancer, organ failures of heart, 
liver, kidney, transplant and  
children on long- term ventilation

Organic acidurias, Urea 
cycle disorders

2

Conditions when premature death is 
inevitable; these may involve long 
periods of intensive disease- directed 
treatment aimed at
prolonging life

Cystic fibrosis, Duchenne muscu-
lar dystrophy, SMA

Fatty Acid Oxidation  
Disorders (FAOD), MCT/
GLUT

3

Progressive conditions without  
curative treatment options, where 
treatment is exclusively palliative and 
may commonly extend over many 
years

Inborn metabolic diseases

Lysosomal storage disor-
ders (LSD), peroxisomal 
disorders (PD), Congenital 
disorders of glycosylation 
(CDG)

4

Irreversible but non-progressive  
conditions causing severe disability 
leading to susceptibility to health 
complications and likelihood of
premature death

Cerebral palsy, congenital  
infections, spina bifida

Metabolite repair defects, 
AA and FA synthesis 
defects, mitochondrial dis-
orders, cellular processing 
and trafficking

Group 1: Feasible curative treatment

In the context of pediatric palliative care, group 1 corre-
sponds to conditions that have the possibility of curative treat-

ment, which may fail (Figure 1). As general representatives of 
this group, we have congenital heart disease and cancer [12].
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Figure 1: Trajectory of group 1 metabolic diseases eligible to 
palliative care.

Establishing a parallel with major errors in metabolism, some 
organic aciduria such as methylmalonic aciduria, in which there 
is the possibility of end-stage renal failure and consequently 
kidney transplantation, the palliative intention must prevail 
from the moment of diagnosis and intensify during this period.

Another important treatment in the field of intoxication dis-
orders is liver transplantation, which constitutes an important 
metabolic stabilization strategy used mainly in propionic acide-
mia, methylmalonic acidemia and urea cycle defects [13].

Regarding this point, the transplant process involves consid-
erable emotional burden on the patient and family, which per 
se already constitutes the field of action of palliative medicine 
[14].

Group 2: Long disease-directed treatment

Exploring the second group of life-limiting and life-threat-
ening conditions in PPC, the general representatives are cystic 
fibrosis and Duchenne muscular dystrophy, for which prolonged 
intensive disease control treatment is necessary, despite new 
therapies and targeted drugs (Figure 2) [12].

Figure 2: Trajectory of group 2 metabolic diseases eligible to 
palliative care.

Transposing the aforementioned concept to IMD, Fatty Acid 
Oxidation Defects (FAOD) such as Long-Chain 3-hydroxyl-CoA 
Dehydrogenase (LCHAD) deficiency involve prolonged treat-
ment throughout life, progressing with episodes of rhabdo-
myolysis, retinal degeneration and peripheral neuropathy. In 
Medium-Chain Acyl-CoA Dehydrogenase (MCAD) deficiency, al-
though 50% of patients remain asymptomatic, encephalopathy 
can occur without hypoglycemia [15].

Recent study showed the impact of FAOD on the daily life of 
parents and caregivers. Through a questionnaire with the care 
challenges of these patients, it found high disease burden of 

caregiver during infancy and fear of the impact of their children 
in career. Another important data was the moment of diagno-
sis. Fear, concern and sadness were the emotions more preva-
lent during this moment [16].

In defects of membrane energy carriers (MCT and GLUT), 
prolonged treatment is also a reality [17]. In MCT8 deficiency, 
for example, hypotonia, intellectual impairment and move-
ment disorders and contractures can occur and there is no spe-
cific treatment. In GLUT1 deficiency, epileptic encephalopathy, 
movement disorders and developmental delay may improve 
with the ketogenic diet [18].

In this regard, parents of patients with MCT8 deficiency re-
vealed a burden in the daily management of their children. Dif-
ficulties related to eating, limited motor milestones and sleep 
were the most prevalent. While during the diagnostic trajec-
tory, late diagnosis and evaluation by many specialists were the 
main difficulties faced by these families [19].

Group 3: No curative treatment

Classically allocated to this group, in which there is no cu-
rative treatment to date, not all IMD present the course men-
tioned in figure 3.

Figure 3: Trajectory of group 3 metabolic diseases eligible to 
palliative care.

The pathologies exposed here deserve the assistance of spe-
cialized palliative care from the moment of diagnosis, whether 
pre or post-natal. Admittedly, the group with the highest num-
ber of disease-modifying therapies, whether enzyme replace-
ment therapy, bone marrow transplantation and more recently 
gene therapy, presents an intense burden resulting from the 
disease as well as the treatment [17].

The overload of symptoms for patients and caregivers in-
volves the physical, mental, financial and social spheres. With 
an average of 8.6 to 16.6 hours of care for patients with lyso-
somal diseases, the impact on the family’s quality of life is a 
reality [20].

Since caregiver burden is also associated with disease sever-
ity and patient burden [21], PC must be offered in parallel to 
the modifying treatment, reinforcing that this approach is not 
restricted to the end of life, but throughout life [12].

Group 4: Severe disabilities

The last group includes conditions causing severe disability 
leading to susceptibility to health complications and likelihood 
of premature death, whose main representative is cerebral pal-
sy (Figure 4) [12].

In addition to the diagnosis of cerebral palsy, some condi-
tions that mimic these findings are metabolic, including argi-
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nase deficiency, multiple carboxylase deficiency and mono-
amine neurotransmitter disorders [22].

Mitochondrial disorders, cellular processing and trafficking 
conditions involve numerous chronic symptoms, combined 
with acute events, which are life-threatening [23].

From the perspective of mitochondrial diseases, 69% of pa-
tients present symptoms up to 10 years of age and are generally 
multisystemic [24]. In addition to the symptomatic patient, the 
burden on the caregiver, especially the mother, is high and poor 
health-related quality of life is frequent, particularly related to 
role limitations, vitality, and mental health, with greater levels 
of depression and anxiety [25].

Figure 4: Trajectory of group 4 metabolic diseases eligible to 
palliative care.

It is important to keep in mind that the groups are not stat-
ics. Some conditions may be allocated first to the group 3 and 
after a procedure, for example, bone marrow transplantation; 
they change to the group 1 for a while.

The interface between PC and IMD is urgent, as these are 
conditions that present a wide range of symptoms and require 
a holistic approach beyond the underlying disease.

Evidently, not all IMDs will be included in the groups corre-
sponding to their pathophysiology, as they present extensive 
phenotypic heterogeneity. However, this does not preclude this 
adaptation as a guide for health professionals who care for pa-
tients with IMD but are not familiar with palliative care.

Conclusion

These adaptation aims to provide an identification of meta-
bolic diseases in palliative care field. Furthermore, the proposal 
enables the health professionals who care for people with met-
abolic diseases to recognize potential patients who can benefit 
from palliative care.

Author declarations

Ethics approval and consent to participate

The study protocol underwent rigorous scrutiny and was 
subsequently approved by the Ethics Committee of the Univer-
sidade de São Paulo (USP), bearing the approval number CAAE 
69446222.1.0000.00681 in accordance with the 466/12 Resolu-
tion of National Health Council.

Consent for publication

Human Ethics and Consent to Participate declarations not 
applicable.

Availability of data and material

No clinical data were used in this article.

Competing interests

The authors Gustavo Marquezani Spolador, Rita Tiziana Ve-
rardo Polastrini, Ivete Zoboli, Ana Cristina Henrique, Elaine Frei-
tas, Andréa Gislene do Nascimento, Fernanda Monti, Camila 
Pugliese, Fernando Kok, Silvia Maria de Macedo Barbosa, Cla-
rissa Bueno declare no conflict of interest.

Funding

This work was supported by author’s resources.

Authors’ contributions

GMS: Conceptualization, Formal analysis, Investigation, Re-
sources, Writing - Original Draft; RTVP: Formal analysis, Investi-
gation, Resources; IZ: Visualization, Supervision; ACH: Visualiza-
tion. EF: Visualization; AGN: Visualization; FM: Visualization; CP: 
Visualization; FK: Supervision, Project administration; SMMB: 
Supervision. CB: Supervision, Project administration.

References

1. World Hospice Palliative Care Alliance [homepage on the Inter-
net]. Global atlas of palliative care at the end of life. Geneva: 
WHO; 2020. Available from: http://www.thewhpca.org/re-
sources/item/global-atlas-of-palliative-care-2nd-ed-2020http://
www.thewhpca.org/resources/item/global-atlas-of-palliative-
care-2nd-ed-2020

2. Marcucci Fernando CI, et al. “Identification and characteristics 
of patients with palliative care needs in Brazilian primary care.” 
BMC palliative care. 2016; 15: 51.

3. Spolador, Gustavo Marquezani, et al. “Epidemiological Assess-
ment of a Pediatric Palliative Care Clinic at a Brazilian Quaterna-
ry Hospital: 20 Years of Experience.” Journal of palliative medi-
cine. 2024.

4. Jones P, Patel K, Rakheja D. Introduction. In: Jones P, Patel K, 
Rakheja. A Quick Guide to Metabolic Disease Testing Interpreta-
tion. 2. Ed. London: Academic Press. 2020: 1-14.

5. Sanderson S, et al. The incidence of inherited metabolic disor-
ders in the West Midlands, UK. Arch Dis Child. 2006; 91: 896-
899.

6. Waters Donald, et al. “Global birth prevalence and mortality 
from inborn errors of metabolism: a systematic analysis of the 
evidence. Journal of global health. 2018; 8: 021102.

7. Applegarth DA, et al. “Incidence of inborn errors of metabolism 
in British Columbia, 1969-1996.” Pediatrics. 2000; 105: e10.

8. Moammar Hissa, et al. “Incidence and patterns of inborn errors 
of metabolism in the Eastern Province of Saudi Arabia, 1983-
2008.” Annals of Saudi medicine. 2010; 30: 271-7. 

9. Hoell JI, Warfsmann J, Distelmaier F, Borkhardt A, Janßen G, 
Kuhlen M. Challenges of palliative care in children with inborn 
metabolic diseases. Orphanet J Rare Dis. 2018; 13: 112.

10. Harputluoğlu Nilgün, et al. “Inborn errors of metabolism in pal-
liative care.” Pediatrics international: official journal of the Japan 
Pediatric Society. 2021; 63: 1175-1179.

11. Spolador GM, Bueno C, Polastrini RTV, et al. Pediatric palliative 
care for metabolic diseases: 20-year epidemiological survey of 
outpatients at a Brazilian quaternary hospital. JIMD Reports. 
2024: 1-6.

12. Chambers L. A guide to children’s palliative care supporting ba-
bies, children and young people with life-limiting and life-threat-
ening conditions and their families. Bristol: Together for Short 
Lives, 2018.



MedDocs Publishers

6 Annals of Pediatrics

13. Critelli Kristen, et al. “Liver Transplantation for Propionic Acide-
mia and Methylmalonic Acidemia: Perioperative Management 
and Clinical Outcomes.” Liver transplantation: official publica-
tion of the American Association for the Study of Liver Diseases 
and the International Liver Transplantation Society. 2018; 24: 
1260-1270.

14. Greco Benedetta, et al. “The impact of liver transplantation on 
health-related quality of life in (acute) intoxication-type inborn 
errors of metabolism.” Journal of inherited metabolic disease. 
2023; 46: 906-915. 

15. Morris AAM, Spiekerkoetter U. Disorders of Mitochondrial Fatty 
Acid Oxidation & Riboflavin Metabolism. In: Saudubray, JM., 
Baumgartner, M.R., García-Cazorla, Á., Walter, J. (eds) Inborn 
Metabolic Diseases. Springer, Berlin, Heidelberg. 2022. 

16. Thiel Maren, et al. “Psychosocial issues and coping strategies in 
families affected by long-chain fatty acid oxidation disorders.” 
JIMD reports. 2023; 65: 25-38.

17. Saudubray Jean-Marie, et al. “Proposal for a simplified classifica-
tion of IMD based on a pathophysiological approach: A practi-
cal guide for clinicians.” Journal of inherited metabolic disease. 
2019; 42: 706-727.

18. Santer R, Klepper J. Disorders of Glucose and Monocarboxylate 
Transporters. In: Saudubray, JM., Baumgartner, M.R., García-
Cazorla, Á., Walter, J. (eds) Inborn Metabolic Diseases. Springer, 
Berlin, Heidelberg. 2022.

19. van Geest, Ferdy S, et al. “Parent Perspectives on Complex 
Needs in Patients with MCT8 Deficiency: An International, Pro-
spective, Registry Study.” The Journal of clinical endocrinology 
and metabolism. 2023; 109: e330-e335.

20. Thomas, Sophie et al. “The burden of disease in metachromatic 
leukodystrophy: results of a caregiver survey in the UK and Re-
public of Ireland.” Orphanet journal of rare diseases. 2024; 19: 
87.

21. Koto Yuta, et al. “Burden of caregivers of patients with neurono-
pathic and non-neuronopathic Gaucher disease in Japan: A sur-
vey-based study.” Molecular genetics and metabolism reports. 
2023; 36: 100994.

22. Pearson Toni S, et al. “Genetic mimics of cerebral palsy.” Move-
ment disorders: official journal of the Movement Disorder Soci-
ety. 2019; 34: 625-636.

23. García-Cazorla Angeles, et al. “Genetic disorders of cellular traf-
ficking.” Trends in genetics: TIG 2022; 38: 724-751.

24. Wong Tsz-Sum, et al. “Mitochondrial diseases in Hong Kong: 
prevalence, clinical characteristics and genetic landscape.” Or-
phanet journal of rare diseases. 2023; 18: 43.

25. Kim Kyung Ran, et al. “Caregiver’s burden and quality of life in 
mitochondrial disease.” Pediatric neurology. 2010; 42: 271-6.


