PATIENTS WITH LONG-CHAIN FATTY ACID OXIDATION
DISORDERS: KEY CONCEPTS

Long-chain fatty oxidation disorders (LC-FAODs) are rare
metabolic conditions caused by defects in the genes that
encode the enzymes required for fatty acid oxidation. These
defects lead to a hindrance of the conversion of stored fats
into energy during times of fasting or high-energy demands,
such as exercise or illness. The end result is both an energy
deficit and the accumulation of toxic intermediates that can
lead to organ dysfunction. Treatment has historically
consisted of diet modification and nutritional
supplementation  with  even-carbon  medium-chain
triglyceride (MCT) that bypasses the defective enzymes in LC-
FAODs. Although MCT supplementation is beneficial,
patients often are unable to tolerate the high doses needed.
Triheptanoin is an odd-carbon MCT approved as an
alternative treatment option. Unlike even-carbon MCTs, the
breakdown of triheptanoin results in the production of by-
products that enter the tricarboxylic acid cycle at multiple
points, thereby producing energy more efficiently. This
allows for improved ATP production and gluconeogenesis,
protein synthesis, and more efficient energy production.

Key concepts to keep in mind when managing patients with
LC-FAQODs are:

e LC-FAODs are hereditary metabolic diseases that
impede the breakdown of long-chain fatty acids owing to
enzyme deficiencies in the carnitine shuttle or [-
oxidation pathway, affecting energy generation,
especially during fasting or stress.?

e Patients with disrupted fatty acid oxidation have energy
deficits that may appear as hypoglycemia, muscular
weakness, cardiomyopathy, and rhabdomyolysis,
especially under metabolic stress.?*

e Treatment has shifted from traditional symptomatic and
nutritional management with even-carbon MCTs to
more targeted therapies, including the FDA-approved
triheptanoin, which bypasses metabolic blockages and
provides an alternative energy source.?#>

e The target daily dose of triheptanoin is 35% of total daily
calorie intake, divided into at least four doses and
administered at mealtimes or with snacks every three to
four hours. The initial dose is based on whether the
patient is new to therapy or switching from other MCT
products.5
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o New patient: Start at approximately 10% of the total
caloric intake divided into 4 doses per day. Increase
the dose by approximately 5% every 2 to 3 days until
reaching the target dose

¢ Switching from other MCT products: Discontinue the
previous MST product and initiate triheptanoin at the
last tolerated daily dosage of the MCT divided into 4
doses per day. Increase the dose by 5% every 2 to 3
days until reaching the target dose.

e Gastrointestinal adverse events (Gl AEs) are common
with triheptanoin. Strategies to manage Gl AEs include:
1) starting at a low total daily dose and titrating upward
slowly; 2) administering in four or more small doses per
day; 3) mixing with food or liquids; and 4) temporarily
reducing the dose until symptoms improve.®?®

INTERPROFESSIONAL COLLABORATION PRINCIPLES

For the evolution in treatment to be of optimal benefit to
patients, comprehensive strategies for choosing, delivering,
monitoring, and modifying therapy have become especially
important. As a consequence, care is typically provided by an
interprofessional, multidisciplinary care team that extends
beyond physicians to include nurses, nurse practitioners,
pharmacists, physician associates, social workers, and
others, often involving collaboration between providers in
community and academic settings.

To that end, the following reflects a conversation among 3
healthcare professionals about interprofessional care and
how collaborative practices and teams can strengthen our
health systems.

Christopher Flores, MD: In medical school, | was taught that
the patient-doctor relationship was the most critical and
important dynamic in healthcare. But after 30-plus years in
clinical care, | can attest that healthcare is a team sport and
we deliver care in teams of individuals with different training,
different skills, different talents. And we teach each other, we
learn from each other, we brainstorm and solve problems to
meet the needs of the patient.

| want to make a point that interprofessional refers to
clinicians in different professions, such as nurses, nurse
practitioners, pharmacists, physicians, and physician
associates. Multidisciplinary refers to clinicians in different
specialties or sub-specialties, such as cardiology,



dermatology, and oncology. LaTosha, do you want to talk
about interprofessional collaboration?

LaTosha Mollette, DNP: The World Health Organization
defines interprofessional collaboration as when multiple
healthcare workers from various backgrounds work together
with patients, families, and communities to provide the best
healthcare possible.' This is exactly what teamwork should
look like, but it is important to remember that healthcare
teams can vary from patient to patient.

| work in a rural setting, working together with various
healthcare professionals to improve access to needed
healthcare services, which helps to prevent unnecessary
delays in care and treatment. Ultimately, working together as
a team helps to meet the needs of others to improve health
outcomes, patient care, and safety.

Christopher Flores, MD: | think all of us in healthcare are
trying to figure out how to do things better, make life easier
for ourselves, and make everybody happier, patients, our
staff, and ourselves, to make things more sustainable.
Interprofessional collaboration can accomplish this. There's
a growing body of literature that shows that
interprofessional  collaboration can improve patient
outcomes, acceptance of treatment, and satisfaction."4 It
can decrease costs, improve efficiency, reduce disparities,
improve health equity, and make things more sustainable for
providers.'15-22

The Interprofessional Education Collaborative has identified
4 behavioral competencies for effective interprofessional
collaboration: 1) roles and responsibilities; 2) values and
ethics; 3) communication; and 4) teams and teamwork.23
Michael, do you want to talk a little bit about the roles and
responsibilities?

Michael Smith, PharmD: Certainly, it's one of these things
that we don't often think about, but it's important for 2
reasons. One, understanding our own responsibility and
roles that we have within our team and what our teammates
can expect from us in terms of what we can deliver to them
and deliver to patients.?® The other is understanding what
your team can do for you as well, so that you understand
their educational background and you can help them
practice at the top of their license by utilizing their skillset to
the fullest extent.
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It is increasingly common for clinicians, even those within a
profession, to take different educational and practice paths
leading to clinical practice. As an example, there are various
differences in training a pharmacist. Nowadays, all
pharmacists graduate with a Doctor of Pharmacy degree
(PharmD), but some of us have done 1 or 2 years of residency
training or postdoc fellowships. So, getting to know your
teammates and what you can expect from them and what
they can expect from you can really help your team function
at a high level.

Christopher Flores, MD: We talk about values and ethics as
well.2® In medicine, we're constantly required to make very
difficult and complicated treatment decisions for our
patients. We really are missing a great opportunity if we don't
involve the opinions of all the members of our team. What
does the nurse think about this plan or what does the social
worker who has talked to the family members think about
this plan? Or what does the physical therapist think, who has
been working with the patient for the last 3 days? LaTosha,
what do you think about communication?

LaTosha Mollette, DNP: Communication is essential in
everything we do, and it's how we're able to effectively
achieve goals, as well as improve relationships and
interactions with others.?®> The healthcare system is often
described as being fragmented with little communication
and collaboration, but when healthcare professionals
communicate responsibly and respectfully, this allows them
to overcome differences and work together to accomplish a
shared goal, including learning from each other, to better
improve patient outcomes and safety.6:24-26

Christopher Flores, MD: We're talking a lot about teams and
teamwork. Michael, do you have any other points you want
to make about teamwork?

Michael Smith, PharmD: Most of us are members of various
teams during the course of a typical day. Think about the
team members that you work with to take care of patients,
but also think about a team from a networking standpoint.
Do you have a network of like colleagues? As an example,
other pharmacists in our healthcare system may reach out
to me for advice about a patient with pain, whether or not
I'm actually seeing the patient. We can make our team small,
we can make them big, but we should be making our teams
in ways that everybody's functioning at a high level and
putting the patient at the center of the team.



Christopher Flores, MD: Michael, LaTosha talked about the
fragmented healthcare system and how interprofessional
collaboration can help with that. Do you have any examples
from your experience?

Michael Smith, PharmD: Think about the patient's experience
through our healthcare system. Even if a patient receives all
of their healthcare within 1 system, they often have to travel
to many different places just to access care. From a primary
care clinic to a hospital, to a specialty clinic, to a pharmacy.
We can fill these gaps by using our interprofessional
framework, our education, and allowing our collaborative
practice teammates to step in and fill that.

Christopher Flores, MD: In conclusion, | just want to
summarize that medicine is a team sport and that there is a
growing body of evidence that supports the various benefits
of interprofessional collaboration. LaTosha, Michael, do you
have any final thoughts?

LaTosha Mollette, DNP: | think just being willing to change is
crucial. I think sometimes we have become complacent in
clinical practice, but our healthcare system is ever evolving.
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So, learning how to be a team player always benefits
everyone involved.

Michael Smith, PharmD: I've learned a great deal from my
interprofessional colleagues, and | hope that I've helped
them learn as well, with the ultimate goal of really improving
patient care.

INTERPROFESSIONAL CARE OF PATIENTS WITH LC-FAODS
The care of patients with LC-FAODs by an interprofessional,
multidisciplinary care team is essential due to the complexity
and multisystem impact of these rare metabolic conditions.?’
The care team typically includes metabolic specialists (eg,
geneticist or endocrinologist), dietitian, pharmacist, primary
care clinician, and psychosocial support clinicians (eg, social
work and psychologist). Emergency medicine and critical
care medicine clinicians are often involved as well. Given the
large interprofessional, multidisciplinary care team, care
coordination over the lifespan of the patient is especially
important. Thus, understanding roles and responsibilities is
essential for effective interprofessional teamwork and
collaboration.2527.28 (Table)

Table. Roles of the interprofessional, multidisciplinary care team members

Profession/Specialty Role
Geneticist/Metabolic e Leads diagnosis and long-term management
physician e Coordinates emergency protocols and metabolic crisis prevention
e Oversees use of specialized therapies
Registered dietitian o Designs individualized dietary plans to avoid fasting and ensure adequate energy intake

e Manages MCT supplementation and low-fat/high-carbohydrate regimens
e Educates family on sick-day management and emergency feeding protocols

Pharmacist e Ensures access to medications
e Monitors for medication side effects/tolerability and medication-nutrient interactions
e Supports specialty pharmacy coordination and insurance navigation

Primary care e Monitors growth, development, and routine health needs
e Coordinates vaccinations and screens for comorbidities
Social worker e Ensures team access to care plans and emergency protocols

o Assists with insurance navigation
¢ Provides connections to support networks
e Supports transition from pediatric to adult care

Psychologist e Addresses patient and caregiver burden, mental health, and quality of life

Emergency e Provides acute management of metabolic decompensation using point-of-care protocols for
medicine/Critical care hypoglycemia, rhabdomyolysis, or cardiac symptoms

Genetic counselor e Provides family planning support and carrier testing for parents

School nurse e Manages feeding and activity at school

e Monitors for acute symptoms; implements emergency protocol when needed
e Provides education and support




Clear communication among the care team and with the
patient is vital as well. Making the individualized care plan,
including dietary plan and emergency and point-of-care
protocols, available electronically is key for acute and
ongoing patient management. [Note a downloadable point-
of-care resource is available with this activity.] Telehealth
visits can facilitate patient access to specialty care, thus
reducing the travel burden. Moreover, telehealth visits may
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obviate families relocating to be close to specialty care.
Ongoing education of all team members, including those less
frequently involved such as emergency medicine and critical
care clinicians, helps ensure that patients are managed
appropriately, which may reduce acute care visits and
hospitalization, as well as patient and caregiver anxiety.
Additional recommendations for improving the care of
individuals with LC-FAODs are shown in the Figure.?’

Figure. Recommendations for improving the care of individuals with long-chain fatty acid oxidation disorders.

Q Expand research, awareness, and education on the mental health and time
burden of managing LC-FAODs across ages

e

support networks
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QO Identify and connect patients and caregivers with peer groups and

Work together to develop solutions that seek to improve trust between
caregivers and healthcare professionals

Raise awareness of LC-FAODs in the community and establish access to
specialists and healthcare professionals familiar with LC-FAODs

Increase hospital support for adults; LC-FAODs are not purely pediatric
conditions and diagnosis in adults is possible

Improve awareness of and access to resources about LC-FAOD management to
care teams and emergency room staff who are unfamiliar with these disorders
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the management of long-chain fatty acid oxidation disorders. 7her Adv Rare Dis. 2024;5:20240520 under the terms of Creative

Commons CC BY-NC 4.0 license. © The Authors, 2024.



https://journals.sagepub.com/doi/full/10.1177/26330040241252448
https://journals.sagepub.com/doi/full/10.1177/26330040241252448
https://www.creativecommons.org/licenses/by-nc/4.0/
https://www.creativecommons.org/licenses/by-nc/4.0/

The Annenberg Academy for Team-Based Care
Interprofessional Care of Patients with
Long-Chain Fatty Acid Oxidation Disorders

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

El-Gharbawy A, Vockley J. Inborn errors of metabolism with myopathy: Defects of fatty acid oxidation and the carnitine
shuttle system. Pediatr Clin North Am. 2018;65(2):317-335. d0i:10.1016/j.pcl.2017.11.006

Vockley J. Long-chain fatty acid oxidation disorders and current management strategies. Am_/ Manag Care. 2020;26(7
Suppl):S147-S154. doi:10.37765/ajmc.2020.88480

Knottnerus SJG, Bleeker JC, Wist RCl, et al. Disorders of mitochondrial long-chain fatty acid oxidation and the carnitine
shuttle. Rev Endocr Metab Disord. 2018;19(1):93-106. doi:10.1007/s11154-018-9448-1

Merritt JL, 2nd, MacLeod E, Jurecka A, Hainline B. Clinical manifestations and management of fatty acid oxidation disorders.
Rev Endocr Metab Disord. 2020;21(4):479-493. doi:10.1007/s11154-020-09568-3

Baker JJ, Burton BK. Diagnosis and clinical management of long-chain fatty-acid oxidation disorders: A review. touchREV
Endocrinol. 2021;17(2):108-111. d0i:10.17925/ee.2021.17.2.108

Vockley J, Burton B, Berry GT, et al. UX007 for the treatment of long chain-fatty acid oxidation disorders: Safety and efficacy
in children and adults following 24 weeks of treatment. Mo/ Genet Metab. 2017;120(4):370-377.
doi:10.1016/j.ymgme.2017.02.005

Vockley J, Burton B, Berry G, et al. Effects of triheptanoin (UX007) in patients with long-chain fatty acid oxidation disorders:
Results from an open-label, long-term extension study. / /nherit Metab Dis. 2021;44(1):253-263. doi:10.1002/jimd.12313
Vockley J, Burton BK, Berry G, et al. Triheptanoin for the treatment of long-chain fatty acid oxidation disorders: Final results
of an open-label, long-term extension study. / /nherit Metab Dis. 2023,;46(5):943-955. doi:10.1002/jimd.12640

Dojolvi. Prescribing information. Ultragenyx Pharmaceutical Inc.; October 2023.
https://www.accessdata.fda.gov/drugsatfda_docs/label/2023/2136870rig1s003Ibl.pdf

World Health Organization. Framework for Action on Interprofessional Education & Collaborative Practice. Published 2010.
Accessed March 6, 2024. https://iris.who.int/bitstream/handle/10665/70185/WHO HRH HPN 10.3 eng.pdf?sequence=1
Prado P, Norman RS, Vasquez L, et al. An interprofessional skills workshop to teach family caregivers of people living with
dementia to provide complex care. / Interprof Educ Pract. 2022;26:100481. doi:10.1016/j.xjep.2021.100481

Schoeffler A, Bashian EJ, Callender N, et al. Implementation of a COVID-19 vaccine emergency department education
program for underserved communities. Cureus. 2022;14(11):e30972. doi:10.7759/cureus.30972

Stewart-Lynch A, Lombardo S, Ceriani D, Mastrangelo S. Well Child Wednesdays: An interprofessional pilot-program to
increase pediatric immunizations Post-COVID. / /nterprof Educ Pract. 2023;31:100606. doi:10.1016/j.xjep.2023.100606
Pariser P, Pham TT, Brown JB, Stewart M, Charles J. Connecting people with multimorbidity to interprofessional teams using
telemedicine. Ann Fam Med. 2019;17(Suppl 1):S57-5S62. doi:10.1370/afm.2379

Hammick M, Freeth D, Koppel |, Reeves S, Barr H. A best evidence systematic review of interprofessional education: BEME
Guide no. 9. Med Teach. 2007;29(8):735-751. doi:10.1080/01421590701682576

Reeves S, Fletcher S, Barr H, et al. A BEME systematic review of the effects of interprofessional education: BEME Guide No.
39. Med Teach. 2016;38(7):656-668. doi:10.3109/0142159x.2016.1173663

White DB, Angus DC, Shields AM, et al. A randomized trial of a family-support intervention in intensive care units. N £ng//
Med. 2018;378(25):2365-2375. doi:10.1056/NEJM0a1802637

Guck TP, Potthoff MR, Walters RW, Doll J, Greene MA, DeFreece T. Improved outcomes associated with interprofessional
collaborative practice. Ann Fam Med. 2019;17(Suppl 1):S82. doi:10.1370/afm.2428

Cahn PS. How interprofessional collaborative practice can help dismantle systemic racism. / /nterprof Care. 2020;34(4):431-
434. doi:10.1080/13561820.2020.1790224

White-Williams C, Shirey M, Eagleson R, Clarkson S, Bittner V. An interprofessional collaborative practice can reduce heart
failure hospital readmissions and costs in an underserved population. / Card Fail. 2021;27(11):1185-1194.
doi:10.1016/j.cardfail.2021.04.011

Kaiser L, Conrad S, Neugebauer EAM, Pietsch B, Pieper D. Interprofessional collaboration and patient-reported outcomes in
inpatient care: a systematic review. Syst Rev. 2022;11(1):169. doi:10.1186/s13643-022-02027-x

Maki-Asiala M, Axelin A, Polkki T. Parents' experiences with interprofessional collaboration in neonatal pain management: A
descriptive qualitative study. / Clin Nurs. 2023;32(21-22):7860-7872. doi:10.1111/jocn.16857



https://www.accessdata.fda.gov/drugsatfda_docs/label/2023/213687Orig1s003lbl.pdf
https://iris.who.int/bitstream/handle/10665/70185/WHO_HRH_HPN_10.3_eng.pdf?sequence=1

23.

24,

25.

26.

27.

28.

The Annenberg Academy for Team-Based Care

Interprofessional Care of Patients with
Long-Chain Fatty Acid Oxidation Disorders

Interprofessional Education Collaborative. IPEC Core Competencies for Interprofessional Collaborative Practice: Version 3.
Published November 20, 2023. Accessed September 15, 2025. https://www.ipecollaborative.org/assets/core-
competencies/IPEC_Core_Competencies Version_3 2023.pdf

Millstein LS, Allen J, Bellin MH, et al. An interprofessional training to improve advance care planning skills among medicine,
nursing, and social work students. / /nterprof Educ Pract. 2020;21:100382. doi:10.1016/j.xjep.2020.100382

Nicholson L, Ortiz MV, Wang Y, Walsh H, Ottolini MC, Agrawal D. Successful implementation of a novel collaborative
interprofessional educational curriculum for nurses and residents in a pediatric acute care setting. / /nterprof Educ Pract.
2019;17:100284. doi:10.1016/j.xjep.2019.100284

Rider EA, Chou C, Abraham C, et al. Longitudinal faculty development to improve interprofessional collaboration and
practice: a multisite qualitative study at five US academic health centres. BV/ Open. 2023;13(4):e069466.
doi:10.1136/bmjopen-2022-069466

Baker ES, Botham J, Rechisky T, Romano E, Garcia D, Berry SA. Understanding patient, caregiver, and healthcare provider
perspectives of the management of long-chain fatty acid oxidation disorders. 7Ther Adv Rare Dis.
2024;5:26330040241252448. doi:10.1177/26330040241252448

Pannier A. Long-chain fatty acid oxidation disorders: managed care and specialty pharmacy implications. Am_/ Manag Care.
2020;26(7 Suppl):S155-5161. doi:10.37765/ajmc.2020.88479


https://www.ipecollaborative.org/assets/core-competencies/IPEC_Core_Competencies_Version_3_2023.pdf
https://www.ipecollaborative.org/assets/core-competencies/IPEC_Core_Competencies_Version_3_2023.pdf

