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ARTICLE INFO ABSTRACT

Keywords: Introduction: LPIN1 deficiency is an autosomal recessive form of early childhood recurrent severe rhabdomyol-
Hereditary rhabdomyolysis ysis. Although not completely lucid yet, LPIN1 has been shown to modulate endosomal-related pro-inflammatory
LPINT responses via peroxisome proliferator-activated receptor o (PPARa) and PPARy coactivator 1o (PGC-la).
Dexamethasone

Treatment with anti-inflammatory agents such as dexamethasone has been proposed to improve the outcome.
Case: We report a male toddler with recurrent episodes of complicated rhabdomyolysis, requiring prolonged
intensive care unit admissions. Whole exome sequencing revealed a common homozygous 1.7 kb intragenic
deletion in LPIN1. Despite optimal metabolic cares, the patient presented with an extremely high CK level where
he benefited from intravenous dexamethasone (0.6 mg/Kg/day) for a period of 6 days.

Results: Dexamethasone administration shortened the course of active rhabdomyolysis, intensive care admission
and rehabilitation. It also prevented rhabdomyolysis-related complications such as kidney injury and compart-
ment syndrome.

Conclusion: Our patient showed a favorable response to parenteral dexamethasone, in addition to hyperhydration
with IV fluids, sufficient calorie intake, and restricted dietary fat. The improvement with corticosteroids suggests
an uncontrolled inflammatory response as the pathophysiology of LPIN1 deficiency.

1. Introduction to skeletal muscle, LPIN1 is also abundantly expressed in the heart [11]

and despite normal cardiac function at intervals, patients are at risk of

Lipin family consists of three phosphatidate phosphatase (PAP) en-
zymes that catalyze production of diacylglycerol (DAG) which, in turn,
serves as the precursor of triacylglycerol (TAG), phosphatidylcholine
(PC) and phosphatidylethanolamine (PE) [12]. LPIN1 is known as a
transcriptional regulator of fatty acid oxidation (FAO)-related genes via
interaction with peroxisome proliferator-activated receptor o (PPARx)
and PPARy coactivator 1o (PGC-1a) [3,12]. Moreover, LPIN1 has anti-
inflammatory roles by downregulating nuclear factor of activated T-
cells (NFATc4) [6], promoting autophagy clearance via mTOR signaling
[16], and suppressing Toll-like receptor 9 (TLR9) induced pro-
inflammatory responses induced by endosomal accumulation of mito-
chondrial DNA [5].

Patients with LPIN1 deficiency (OMIM# 268200) present with early
childhood recurrent episodes of severe rhabdomyolysis with plasma
creatine kinase (CK) levels more than 6000 IU/L [4,14,15]. In addition
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cardiac arrest during crises [1,7]. Nevertheless, in contrast to FAO dis-
orders or other mitochondrial conditions, patients have minimal extra-
muscular manifestations, which could imply a tissue-specific function
for LPIN1 [2].

The inflammatory nature of LPIN1 deficiency has been further
endorsed by favorable response to dexamethasone [8,14] and hydrox-
ychloroquine sulfate [5]. Here, we report a case of LPIN1 deficiency
presenting with episodes of severe rhabdomyolysis who benefited from
intravenous dexamethasone. Our report contributes to the compelling
evidence of implication of anti-inflammatory agents in management of
LPIN1 deficiency.

1.1. Case

Our patient, now a 5-year boy, presented first at the age of 3 years
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with a history of 48-h progressive myalgia and emesis following a viral
gastroenteritis. His pain did not respond to regular analgesics and his
plasma CK level was elevated at 170,000 IU/L (refence range: 39-308
IU/L). Rhabdomyolysis management was initiated with IV 10%
dextrose-normal saline at 1.5 times maintenance rate in a local hospital.
He was, however, later admitted to the intensive care unit of our tertiary
hospital in the context of extreme loss of energy, delirium, drooling,
respiratory distress, hyperkalemia, and hyperphosphatemia. He
required mechanical ventilation and insulin infusion for hyperkalemia.
He developed stage 3 acute kidney injury (AKI) and hypertension
requiring renal replacement therapy. His kidney function and hyper-
tension improved progressively on amlodipine and furosemide. CK
levels were stabilized at a suboptimal level after 20 days (Fig. 1).
Meanwhile, his admission was complicated by bilateral leg compart-
ment syndrome for which he underwent fasciotomy and prolonged
rehabilitation prior to discharge.

Upon interview, parents reported a previous one-week admission for
rhabdomyolysis at the age of 2 years in the context of upper respiratory
tract infection; decreased oral intake, myalgia, and muscle weakness. He
had been only treated with intravenous fluids (dextrose 10% and normal
saline), but his muscle strength had not recovered to its baseline before
6 weeks after the crisis. He was a picky eater with lower caloric intake
upon diet evaluation. He was, otherwise, healthy with normal physical
activity at the interval and his prenatal and past medical history was
unremarkable. Parents were non-consanguineous of Caucasian descent
and his three older half-siblings were all healthy.

Extensive metabolic workup, including plasma acylcarnitines and
lipid profile was unremarkable. Brain MRI, ECG and echocardiogram
were normal. Whole exome sequencing (WES) revealed a common ho-
mozygous 1.7 kb intragenic deletion in LPIN1 [9]. Microarray confirmed
the breakpoints as arr[GRCh37] 2p25.1(11958745-11960507)x0,
consistent with molecular diagnosis of LPIN1 deficiency. We started
him on a low-fat diet with a maximum of 30% of total daily calories from
fat. Moreover, because his plasma free carnitine level was suboptimal,
we started him on oral 1-carnitine supplementation (25 mg/Kg/day).

Six months later, he presented with a third episode of severe rhab-
domyolysis with plasma CK level at 1 x 10° IU/L on admission (Fig. 1),
extreme muscle weakness, delirium, and respiratory failure. The trigger
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was not recognized despite thorough investigations, and he tested
negative for COVID-19 by nucleotide amplification. Following our pre-
vious experience [8], we started him on IV dexamethasone at 0.6 mg/
Kg/day for a period of 6 days along with IV 10% dextrose-normal saline,
and enteral feeding with Pediasure Fibre 1.0 kcal enriched with Polycal
to reduce total fat intake to 30%. This provided 110% dietary reference
intake (DRI) calories and 130% total fluid intake (TFI) when given in full
amount. His clinical status promptly improved and within three days he
was switched from mechanical ventilation onto BiPAP for three more
days before breathing normally on room air. Notably, although his
plasma CK level on admission was extremely high compared to the
previous episode, it was normalized in a shorter duration (Fig. 1).
Dexamethasone was tapered at a rate of 1.0 mg every 24 h until 1 mg
/day, at which point he was switched to oral hydrocortisone. Unfortu-
nately, prior to discharge, he developed nosocomial-necrotizing pneu-
monia with methicillin-susceptible Staphylococcus aureus for which he
was re-admitted to the intensive care unit and covered with broad-
spectrum antibiotics. Although total duration of admission was pro-
longed for another 20 days, during which he was on stress dose of hy-
drocortisone, his CK levels remained stable and he did not develop any
complications. Of note, his immunity was not compromised secondary
to dexamethsone, nor was identified any primary immunodeficiency.
Furthermore, he developed food aversion and required nasogastric (NG)
feeding tube for almost 9 months. Also, his mobility improved by
physiotherapy and orthotics following the prolonged ICU admission.

A dietary plan was provided at discharge: when well, diet manage-
ment involved a heart healthy diet with focus on fruits, vegetables,
whole grains and lean protein sources. When ill and still able to eat,
focus was on eating very low-fat foods and high sugar containing fluids,
topping up with Pediasure to ensure adequate calorie intake. If not able
to eat, Pediasure Fibre and Polycal was given continuously via NG tube,
to provide calories at 115% DRI (with fat less than 30% of total calories)
and fluids at 130% TFI.

Table 1 summarizes the clinical findings and management of the
patient in his three episodes of rhabdomyolysis. Serum CK was not
measured during asymptomatic intervals. The only change in manage-
ment of the third episode was addition of dexamethasone. Plasma CK
levels were not measured during asymptomatic intervals.

@ Episode 2
O Episode 3

14 21
Days

Fig. 1. Serial plasma creatine kinase (CK) levels during the second and third episodes of acute rhabdomyolysis treated without (episode 2) and with (episode 3) IV
dexamethasone (0.6 mg/Kg/day) for six days. Red arrow indicates introduction of dexamethsone and green arrow indicates switch to non-invasive ventilation.

Dotted line indicates normal upper limit of serum CK (300 IU/L).
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Table 1
Summary of the clinical and laboratory findings in three episodes of
rhabdomyolysis.

Clinical finding Episode 1 Episode 2 Episode 3
Peak CK (IU/L) Unknown 170 x 10° 1x10°
Trigger Respiratory Viral gastroenteritis Unknown
infection
Length of 7 days 20 days 7 days
admission
(days)
Acute kidney No Yes No
injury
Electrolyte Unknown Hyperkalemia, No
imbalance Hyperphosphatemia
Renal No Yes No
replacement
therapy
Hypertension No Yes (resolved) No
Arrhythmia No No No
Other Prolonged fatigue =~ Compartment None
complications Muscle weakness syndrome
Prolonged fatigue
Muscle weakness
Management IV fluids only IV fluids IV fluids
Dietary fat Dietary fat
restriction restriction
1-Carnitine L-Carnitine
v
Dexamethasone

2. Discussion

Here we report a male toddler with LPIN1 deficiency and recurrent
episodes of severe rhabdomyolysis. In his first two admissions, our pa-
tient was treated conventionally with IV fluids and supportive measures.
However, in the third crisis he showed a drastic response to the com-
bination of IV fluids, adequate calories, and IV dexamethasone and
despite extremely elevated levels on admission, serum CK was normal-
ized in almost 10 days (Fig. 1). Moreover, despite prolonged admission
for nosocomial-necrotizing pneumonia, rhabdomyolysis did not recur
and he had a shorter period of rehabilitation. This observation is
consistent with our previous report as well as others, where adminis-
tration of IV dexamethasone during rhabdomyolysis crisis was associ-
ated with a better clinical outcome [8,14]. The dose and duration of IV
dexamethasone was determined based on our previous experience [8]
and recommended pediatric dose to impose a minimal risk of adrenal
suppression. ACTH stimulation test can assess need for stress doses post
hospitalization. The peak of the CK levels occurs during the first 3 days,
therefore, weaning steroids could be considered after 3 days depending
on patient's clinical status.

Our patient has a homozygous intragenic deletion encompassing
exon 18, known to be common in Caucasians [9]. There is no established
phenotype-genotype correlation in LPIN1 deficiency and pathogenic
variants could affect any of the three domains of the protein [9].

Corticosteroids has been used by others to treat acute episodes of
rhabdomyolysis in LPIN1 deficiency with variable outcomes [13,14]. In
fact, even lower equivalent doses of corticosteroids were beneficial in a
cohort of LPIN1 deficient patients who were treated with oral predni-
sone (1-2 mg/kg) at home and IV methylprednisolone (1-2 mg/kg/day
for 3 days) during hospitalization, with decreased mortality and longer
survival. However, corticosteroids did not reduce the number of epi-
sodes [14].

Pathophysiology of LPIN1 deficiency is not completely understood
yet, but compelling evidence implies dysregulated pro-inflammatory
responses as a core mechanism. LPIN1 deficiency-related DAG deple-
tion impairs protein kinase D (PKD)-Vps34 phosphatidylinositol 3-ki-
nase signaling cascade, which is required for endo-lysosomal
maturation and regulation of autophagy and TLR9 induced responses
[5,16]. Anti-inflammatory agents such as hydroxychloroquine sulfate
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and dexamethasone were shown, both in vitro and in vivo, to rescue
endosomal maturation [5,8].

Accumulated lipid droplets in myocytes have been proposed as a
source of inflammatory percusses [13,14]. Muscle histology in patients
is consistent with lipid depositions in type I fibers, atrophy of type II
fibers, and ragged-red fibers [9,16]. Notably, lipid accumulation could
be prevented, in vitro in human primary myoblasts treated with dexa-
methasone [10]. In very long-chain acyl-CoA dehydrogenase deficiency
(VLCADD) the slow oxidative type I muscle fibers are replaced by the
fast glycolytic type II fibers, an adaption via PGC-1a [17]. It seems this
protective measure is absent in LPIN1 deficient skeletal muscle, which
could be related to abrogated function of PGC-1la, and which could
explain episodic presentation of rhabdomyolysis caused by inflamma-
tory triggers.

In summary, rhabdomyolysis in LPIN1 deficiency stems from un-
controlled inflammatory responses secondary to impaired endosomal
autophagy, in parallel to energy depletion. Our report and others' [8,14]
provide evidence for a role of dexamethsone in treatment of patients.
Meanwhile, oral corticosteroids could be considered, early in the course
of a flare up, to be started at home before presenting to a care facility.
Acute crises can be severe, but respond well to a combination of IV
fluids, adequate caloric intake with fat restriction and IV dexametha-
sone. Meanwhile, given that so far all the observations have been
retrospective, findings should be interpreted with caution and further
clinical trials are prompted. Furthermore, a possible genotype-related
therapeutic response should be studied.

Data availability
The data that has been used is confidential.
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