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Abstract

Long-chain 3-hydroxyacyl-CoA dehydrogenase deficiency (LCHADD) is a rare

mitochondrial defect of β-oxidation of long-chain fatty acids. Patients may pre-

sent with muscle pain, hypotonia, peripheral neuropathy, cardiomyopathy,

recurrent rhabdomyolysis and sudden death. Dietary management of

LCHADD aims at preventing prolonged fasting and decreasing energy produc-

tion from long-chain fatty acids compensated by an increase in medium-chain

triglyceride fat. Herein, we present medical and dietetic management of a suc-

cessful pregnancy in a LCHADD female patient and the delivery of a healthy

baby boy.
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1 | INTRODUCTION

Long-chain 3-hydroxyacyl-CoA dehydrogenase defi-
ciency (OMIM 600890) is a mitochondrial defect of
β-oxidation of long-chain fatty acids caused by muta-
tions in the alpha subunit of the hydroxy acyl-CoA
dehydrogenase (HADHA) gene.

Defects of mitochondrial fatty acid metabolism may
result in severe bioenergetic imbalance. Patients may pre-
sent with muscle pain, hypotonia, peripheral neuropathy
and cardiomyopathy.1 Acute metabolic decompensation
may develop in conditions associated with increased energy
demand such as fasting, severe illness or infection.

Creatine kinase (CK) and transaminases can be used as
a parameter for monitoring treatment of long-chain
3-hydroxyacyl-CoA dehydrogenase deficiency (LCHADD)
patients.2–4 Elevated blood CK levels may be used to

monitor rhabdomyolysis during metabolic derangement.5

CK levels >5000 IU/L are closely related to the develop-
ment of kidney damage.6

Dietary management of LCHADD aims to prevent pro-
longed fasting by including a regular intake of carbohydrate
and to decrease long-chain triglyceride (LCT) to less than
10% of total energy whilst ensuring adequate intake of
essential fatty acids (EFAs), specifically docosahexaenoic
acid (DHA).7 Supplementation with medium-chain triglyc-
erides (MCTs) is recommended at 10%–20% of energy to
optimise metabolic status by reducing the accumulation of
toxic long-chain 3-hydroxylacylcarnitines.7 Age-appropriate
protein intake has been routinely suggested. However,
recent publications have shown the benefit of increased
energy intake from protein at 10%–25% of energy content.
Adequate multi-vitamins, fat-soluble vitamins and minerals
are required to supplement the diet.7,8
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Alterations in maternal lipid metabolism during preg-
nancy can be divided into an anabolic phase, occurring
in the first two trimesters, and a catabolic phase.9 Accel-
erated breakdown of fat occurs during the third
trimester.10

Reported complications in pregnancies in women
with very-long-chain acyl-CoA dehydrogenase deficiency
(VLCAD), another genetic disorder of mitochondrial fatty
acid β-oxidation, include increased CK levels with myal-
gia and rhabdomyolysis.11 There is no specific guidance
for the management of pregnancy in LCHADD. How-
ever, a recent publication by Van Calcar et al. recom-
mends minimising periods of fasting, restrictions of LCT
intake, MCT, L-carnitine supplementation and provision
of additional energy from carbohydrate and protein
sources in the second and third trimesters of pregnancy
with VLCAD.12 The first published report on the man-
agement of pregnancy in an LCHADD patient was in
2017.13

Herein, we present the medical, dietetic and maternal
management of pregnancy and delivery of a healthy baby
boy in a patient with LCHADD.

2 | CASE DESCRIPTION

This case describes a 30-year-old female with known
LCHADD. The patient has a complex medical back-
ground starting from 5 weeks old, when she began rap-
idly losing weight and eventually losing consciousness.
LCHADD was diagnosed at 6 weeks of age following
metabolic testing (urine organic acid analysis blood
acylcarnitine profile (ACP) and fatty acid oxidation flux
studies (Table S2). Genetic analysis subsequently con-
firmed homozygosity for the G1528C LCHADD disease
causing variant in the alpha enzyme subunit of the
HADHA protein. G1528C is a common LCHADD disease
associated missense mutation.14

The patient had recurrent episodes of acute meta-
bolic decompensations at times of intercurrent infec-
tion (with presentations of hypotonia, hypoglycaemia
and respiratory difficulties requiring recurrent ventila-
tory support). Subsequently, the patient has exhibited a
number of long-term complications secondary to
LCHADD, including sensorimotor axonal neuropathy,
bilateral pigmentary retinopathy, Grade III cardiac dia-
stolic dysfunction and recurrent bouts of rhabdomyoly-
sis. Our patient had four acute hospital admissions in
the 4 years preceding her pregnancy with elevated CK
levels (Figure 1). The highest CK level was reported at
45303 U/L 4 years ago. This elevation in CK was
accompanied by urine discoloration and muscle
symptoms.

She currently uses a crutch for short distance walking
and a wheelchair for long-distance travel due to signifi-
cant peripheral neuropathy.

A pre-conceptual discussion comprehensively addressed
the risks of pregnancy and potential serious complications
during the antenatal, peripartum and post-partum periods.
Within the 2 years prior to conception, fasting times were
4 h for daytime and 8 h for night-time. She was adherent
with the internationally recognised guidelines for the man-
agement of LCHADD, with restriction of LCT to less than
10% of total energy. She also included MCT supplementa-
tion to �15% of total energy.2 She was routinely sup-
plemented with DHA at 200 mg/day, a multivitamin and
mineral supplement as well as a specific fat-soluble vitamin
every other day and carnitine 500 mg four times a day. She
also took a modified corn starch supplement to support her
overnight fast. She had an emergency management plan for
use during periods of illness. The medications taken by the
patient prior to pregnancy were pregabalin and topiramate,
which were discontinued on confirmation of pregnancy, in
addition to high-dose folic acid and iron supplementation.
A nerve conduction study was performed before pregnancy.
It found evidence suggestive of a significant large fibre axo-
nal neuropathy. No physiotherapy or occupational therapy
was warranted at this stage. Our patient attends annual reti-
nal screening. A preconception review was reported as
being stable. Our patient attends annual cardiac assessment.
The frequency of cardiac monitoring during pregnancy was
guided by the attending cardiologist.

3 | MEDICAL AND DIETETIC
MANAGEMENT OF THE
PREGNANCY

3.1 | Trimester 1

The patient notified her metabolic team immediately on
confirming the pregnancy, which was a spontaneous
conception, and medical management was coordinated
by a multi-disciplinary team (MDT). Full cardiac and
hepatic assessments were performed in the first and
third trimesters. Echocardiography demonstrated an

SYNOPSIS

Medical and dietetic management of a successful
pregnancy in a patient with long-chain 3-hydro-
xyacyl-CoA dehydrogenase deficiency.
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ejection fraction of 61% and borderline mild concentric
hypertrophy. Her blood pressure at her initial visit was
129/80 mmHg. A hepatic ultrasound showed mildly
increased echogenicity but no focal lesions. No visual
changes were reported throughout the pregnancy.

An interventional radiology guided peripherally
inserted central catheter was inserted at 9 weeks gesta-
tion due to poor venous access for regular phlebotomy.
This also allowed for the possible infusion of hyper-
tonic solutions such as glucose 15% or 20%. Full clinical
and biochemical assessment was commenced at
5 weeks gestation and weekly thereafter. Biochemical
investigations included CK, aspartate aminotransferase
(AST), lactate dehydrogenase (LDH), urate, liver and
renal profiles and full blood count (FBC). A transient
rise in CK level was seen following influenza vaccina-
tion, which returned to normal without any interven-
tion. Iron studies, bone profile, vitamin B12 and folate
were monitored in accordance with the suggested preg-
nancy monitoring guidelines for VLCAD.12 ACPs, non-
esterified free fatty acids, EFA profile, fat-soluble vita-
mins were monitored closely throughout the pregnancy
as indicated. Levels of C18: 1-OH-acylcarnitine,
C18-OH-acylcarnitine, C20:0 arachidic acid and the
ratios of C22:5w3 docosapentaenoic acid and C20:3W6
homogamma–linolenic acid were increased, which is
consistent with LCHADD profile. Acetylsalicylic acid
supplementations were initiated at this stage. Our
patient did not experience significant nausea or
vomiting that required treatment.

Dietary management was adjusted based on her fort-
nightly weight, blood nutritional markers and liver
enzymes. She was also reviewed by the obstetric team
regularly to assess foetal wellbeing. LCT was restricted to
�9.5% of total energy, while protein intake was �13% of
total energy. The dietary prescription was altered to

ensure vitamin and mineral intake was sufficient for
pregnancy. This involved increasing DHA and EPA
intake via an EFA acid supplement. She also remained
on her fat-soluble vitamin supplement, taking one tablet
on alternate days.

3.2 | Trimester 2

Dietetic review, biochemical investigations and blood
pressure continued to be monitored on a weekly basis,
along with patient weight, with the aim of 0.5 kg per
week expected weight gain throughout the second trimes-
ter. Actual weight gain for the period was 0.56 kg per
week. Estimated energy requirements were increased to
reflect the second trimester requirement. Protein intake
from diet and skimmed milk powder was increased to
meet the dietary aim of �15% total energy. MCT supple-
mentation was also increased to achieve 20% total energy,
using Betaquick (Vitaflo) and Monogen (Nutricia). It has
been reported that MCT supplements could have positive
impact on patient exercise tolerance and cardiac func-
tion.15 Intermittent elevations in CK levels were managed
with additional intake of a glucose polymer product, SOS
25 (Vitaflo).

Erythrocyte EFA profile showed deficiency in lin-
oleic acid and eicosapentaenoic acid (EPA) (Table S3).
This was treated with the reintroduction of walnut oil
as part of the LCT allowance of 10% total energy. Her
EPA dose had already been increased in the previous
6 weeks period and therefore was not adjusted further.
Low fat-soluble vitamin levels were observed which
resulted in an increase in the fat-soluble vitamin sup-
plement. The emergency dietary management plan was
updated to reflect these changes. The local maternity
hospital was also briefed on these changes. The

FIGURE 1 CK (U/L) and ALT (U/L) levels before pregnancy, at different stages of pregnancy and post-partum (mean ± SD). ALT,

alanine aminotransferase; CK, creatine kinase
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patient's blood pressure was well controlled through-
out the pregnancy.

From an obstetric perspective, serial growth ultra-
sounds were performed throughout the second and third
trimesters. A foetal anatomy scan was carried out at
21 weeks gestation and did not detect any abnormalities,
with the estimated foetal weight on the 75th centile. Fol-
lowing MDT discussion, it was decided not to vaccinate
antenatally against pertussis owing to the previous CK
rise following intramuscular influenza vaccination. Ante-
natal and breastfeeding education was provided by mid-
wifery colleagues, as there is no known contra-indication
to breastfeeding.

3.3 | Trimester 3

In anticipation of increased metabolic demands and
risk of decompensation, the frequency of monitoring
was increased. The expanded MDT (including anaes-
thesiology, neonatology and midwifery), held a number
of meetings for the birth planning. Prophylactic low-
molecular heparin was prescribed. Twice weekly bio-
chemical investigations were performed between the
30th week of pregnancy and the birth. A hepatologist
was consulted and further tests were performed as indi-
cated, including FBC, CK, LFTs, AST, LDH, prothrom-
bin time, renal profile, urate, and urinary protein
creatinine ratio. A number of acylcarnitine derivatives
were found at their lowest levels during the third tri-
mester (Table S4).

A detailed dietary analysis revealed adequate caloric
intake for stage of pregnancy. Fat-soluble vitamins were
rechecked and her supplementation was reduced to one
dose 5 days per week as her vitamin D level was above
the normal threshold. Her vitamin A level remained
persistently low; however, retinol binding protein levels
were within normal limits. Haemodilution was cited as
one of the explanations for the decrease in maternal
concentrations of retinol during pregnancy.16 The
patient's haemoglobin, ferritin and vitamin B12 levels
began to trend downwards throughout the final

trimester. She was prescribed additional oral vitamin
B12 supplementation. An overview of the dietary pre-
scription throughout pregnancy is shown in Table 1.

A significant increase in CK (2954 U/L) in addition to
moderate elevation in alanine aminotransferase (ALT)
and AST was detected at 36 weeks gestation. There was
no discolouration of urine or significant muscle symp-
toms reported.

The patient was thus admitted to the maternity hospi-
tal for monitoring, stabilisation of CK and preparation for
the delivery. Antenatal corticosteroids were administered
for foetal lung maturation intravenously in order to avoid
a CK rise following deep intramuscular injection. An insu-
lin sliding scale was introduced to control the associated
hyperglycaemia.

The CK was initially treated with the cessation of long
chain fat and the use of high doses of glucose polymer
every 2–3 h. The CK normalised within 48 h using this
plan. Mean CK and ALT levels in the 4 years prior to
pregnancy, at different stages of pregnancy, and post-
partum are shown in Figure 1. One-way ANOVA com-
parison of mean CK values during pregnancy and in the
period of 4 years before pregnancy and post-partum
showed statistically significant low CK level (p < 0.05)
during pregnancy compared with pre-pregnancy and
post-partum periods.

3.4 | Delivery

A detailed dietary management plan was devised with
the patient and the maternity hospital in advance of the
birth. Owing to patient preference, it was decided that
delivery would be by caesarean section at 37 weeks gesta-
tion, unless a medical need for earlier delivery emerged.
However, there was no contra-indication to vaginal deliv-
ery noted.

The mode of anaesthesia for birth was to be decided
based on coagulation and transaminase parameters.
There was no contraindication noted to oxytocin use
peri-partum nor to non-steroidal anti-inflammatories
in the post-partum period. Normal saline was indicated

TABLE 1 Overview of dietary

prescription throughout pregnancy
% LCT fat % MCT fat % Protein % CHO

Pre-pregnancy 10.5 18.8 12 58.7

Trimester 1 9.5 15.8 13 61.7

Trimester 2 8.4 17.7 17 56.9

Trimester 3 9.6 19 16.5 54.9

Recommendations 10 10–20 15–20 45–50

Abbreviations: CHO, carbohydrate; LCT, long-chain triglyceride; MCT, medium-chain triglyceride.
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as the resuscitative fluid. Ondansetron was used to
manage nausea.

From a dietetic perspective, a reduction in LCT on
the day before and the day of delivery was instigated,
with a gradual increase back to normal LCT intake post-
partum. An increase in energy was provided via the use
of a glucose polymer prior to and after the delivery. Dex-
trose 15% with appropriate electrolyte supplementation
was used during the delivery and immediate recovery
period. MCT supplementation was maintained through-
out using the patient's usual dietary plan.

An elective caesarean section was performed at
37 weeks gestation under spinal anaesthesia (using
bupivacaine 0.5%/glucose 320 mg/4 ml 12 mg, 20 mcg fen-
tanyl and 100 mcg morphine hydrochloride). Cefuroxime
1500 mg IV was administered as antimicrobial prophylaxis.
Oxytocin 5 IU was administered intravenously following
delivery. In addition, ondansetron 4 mg was administered
intra-operatively. Diclofenac and paracetamol were given
per rectum following the procedure for analgesia.

A male infant weighing 3.1 kg was delivered, with
Apgar scores of 9 at 1 min and 10 at 5 min. There was
meconium Grade 2 liquor present at birth. The caesarean
section was uncomplicated, with 400 ml blood loss. Post-
natally, the infant remained on the ward with Mum and
underwent serial pre-feed screening for hypoglycaemia.
The baby is cared for at home by our patient and her
partner with no documented medical issues to date.

4 | DISCUSSION

There is currently very limited data on the management
of pregnancy in patients with LCHADD. The first publi-
shed information on the management of pregnancy in
LCHADD was on a patient with the same genotype
(homozygous for G1528C) as our patient.13 The patient's
blood results remained mostly stable during the preg-
nancy except during moderate daily life activities, strenu-
ous exercise, or injury. There were no blood pressure
control issues documented.

Acute fatty liver of pregnancy (AFLP) is a potentially
life-threatening disorder. It tends to occur in the third tri-
mester or early post-partum period.17 Risk factors for
AFLP are primiparity, pre-eclampsia, male foetus and
multiple gestation.18 The risk of AFLP in a mother with
LCHADD is higher if the mother is a carrier and the foe-
tus is affected rather than if the mother had LCHADD
and the foetus was a carrier.19 AFLP and HELLP were
considered a potential complication in our patient. Apart
from deranged liver enzymes, no further deterioration in
liver function or evidence of coagulopathy was detected
in our patient.

CK levels were strongly correlated with our
patient's engagement in daily life activities. Our patient
experienced several episodes of metabolic decompensa-
tion at different stages of her life requiring hospital
admission. This is reflected in CK and ALT levels
before pregnancy. During pregnancy, CK levels
increased on different occasions up to 3–7 times the
upper normal limits during moderate activities such as
walking for short distance. However, the magnitude of
CK level increases during pregnancy was much lower
than pre-pregnancy and post-partum. Reductions in
CK levels have been reported in in the second and
third trimester of pregnancy in VLCAD pregnancies,
and have been attributed to fatty acid oxidation by the
placenta.11,12 Improved CK levels during pregnancy
and reduced levels of a number of acylcarnitine deriva-
tives in the third trimester suggest a similar response
in LCHADD given that our patient's activity was not
significantly reduced during pregnancy.

Although normal vaginal birth is a reasonable
approach, caesarean birth was performed in our case
because of the potential risk of rapidly deteriorating
maternal health, as well as maternal preference. The
baby underwent newborn metabolic screening as per
national guidelines.

In conclusion, a multi-disciplinary approach with
close medical monitoring and regular dietetic interven-
tions are the cornerstones in the management of
LCHADD under challenging physiological conditions
such as pregnancy and delivery.
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