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ABSTRACT

The case is reported of a 39-year-old severely obese woman who developed acute metabolic disorders after the
administration of a short course of intravenous amiodarone. The main biological features were hypertriglyceridemia,
hypoglycaemia, hyperlactatemia and hyperammonemia; all were reversible after amiodarone discontinuation. There
was an associated rise in liver enzymes. However, the influence of co-factors on these metabolic disorders, such as
acquired carnitine deficiency, severe obesity, a long-term course of pancreatitis, and abdominal infections, could not

be excluded.
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B INTRODUCTION

Amiodarone is a class III antiarrhythmic agent that is
widely used in clinical practice to treat supraventricu-
lar and ventricular arrhythmias. Among the adverse
effects of amiodarone, acute hepatotoxicity is a rare but
potentially fatal complication [1-6]. A case of severe
but reversible metabolic disturbances occurring soon
after a short-course of intravenous amiodarone in a
critically ill patient, is described.

The clinical pattern was distinct from the hepatic
failure exceptionally reported after a short-course of
intravenous amiodarone. This acute liver dysfunction
may also have been precipitated by co-existing factors
such as acquired carnitine deficiency, severe obesity,
and a long-term course of pancreatitis complicated by
abdominal infections.

B CASE REPORT

A 39-year-old woman weighing 87 kg weight and a
body mass index of 34.9 kg/m? was admitted to the
intensive care unit (ICU) of a tertiary teaching hospital.
(Cliniques universitaires St-Luc, Brussels, Belgium),

for an acute pancreatitis secondary to biliary perfora-
tion after endoscopic resection of a duodenal ampullo-
ma. The patient had a past medical history of Gardner
syndrome (a form of familial adenomatous polyposis
associated with mutations in the APC gene) and had
previously undergone total colectomy and unilateral
adrenalectomy. At the time of admission, laboratory
data did not reveal any change in lipid metabolism or
in liver function tests including ammonemia. Howev-
er, two years previously, diffuse liver steatosis had been
suspected following a computed tomography examina-
tion. Lipid profile was normal at that time.

The clinical course over the first weeks of hospitali-
sation was characterized by multiple episodes of pan-
creatitis-related intra-abdominal infections that were
treated with antimicrobial therapy, surgery or percuta-
neous drainage.

Enteral nutrition was started immediately following
admission but was limited by a slow gastric emptying
and a reduced intestinal transit. Parenteral nutrition
was introduced on hospital day twenty-eight. On day
thirty-three, the patient presented with recurrent epi-
sodes of paroxysmal atrial fibrillation and intravenous
amiodarone hydrochloride (CORDARONE’, Sanofi,
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Diegem, Belgium) was started with a loading dose of
300 mg and a maintenance dose of 450 mg over a single
day. Two days after the loading dose of amiodarone, the
patient became encephalopathic and hyperammone-
mia was documented. The medications administered
over the week preceding amiodarone hydrochloride
prescription are listed in Table I.

At the same time, there was a significant rise in liver
enzymes, namely alkaline phosphatase and gamma-
glutamyl transferase, and an increase in plasma triglyc-
erides (Table II).

Parenteral nutrition had been stopped the day be-
fore amiodarone had been prescribed. Amino acids
were measured by ion-exchange chromatography and
post-column derivatization with ninhydrin, and spec-
trophotometric detection using a Biochrom 30 amino
acid analyser™ (Biochrom LTD, Cambridge, UK).
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A significant increase in glutamine plus glutamate,
consistent with the observed hyperammonemia was
recorded. A significant decrease in citrulline was also
noted. Organic acids were measured by gas chroma-
tography (Hewlett Packard 5973™, Littleton, CO 80127
USA) after extraction from urine by standard ethyl ac-
etate diethyl ether extraction and derivatization to tri-
methylsilyl (TMS) derivatives. Lactic and pyruvic aci-
duria was recorded, as was a moderate hyper excretion
of 3-hydroxybutyric acid. Arterial lactate increased to
15 mmol/L.

The treatment for this outcome consisted of carni-
tine supplementation (Cliniques St-Luc Hospital Phar-
macy, Brussels, Belgium) 100 mg/kg as a single dose,
and sodium benzoate (Cliniques St-Luc Hospital Phar-
macy, Brussels, Belgium) administration, 12 g/day for
seven days. The total daily dose of glucose infusion was

Table I. List of the medications prescribed over the week preceding amiodarone hydrochloride prescription

Vancomycin (Mylan, Hoeilaart, Belgium)

Ceftazidim (Kefadim®, Eurocept Pharmaceuticals, Ankeeven, The Netherlands)

Piperacillin-tazobactam (Mylan, Hoeilaart, Belgium)
Amoxicillin (Clamoxyl®, Sandoz, Vilvoorde, Belgium)
Metronidazole (B Braun Medical, Diegem, Belgium)

Cefuroxime (Zinacef®, GlaxoSmithKline Pharmaceuticals, Wavre, Belgium)

Temocillin (Negaban®, Eumedica SA, Manage, Belgium)
Insulin (Actrapid®, Novo Nordisk, Brussels, Belgium)
Norepinephrine (Aguettant SA/NV, Brussels, Belgium)
Nadroparine (Fraxiparine®, Movianto, Aspen, USA)

Table Il. Laboratory data before Day 0, and after amiodarone administration
Day Day Day Day Day Day Day Day Day Day Day Day

0 P 3
GGT (NV=<40 1U/L) 65 126 305
Alkaline phosphatase (NV=35-105 IU/L) 125 250 369
AST (NV=13-35 IU/L) 29 114 80
ALT (NV=7-35 IU/L) 15 19 41
Total bilirubin (NV=<1.2 mg/dL) 09 11 11
INR (NV=0.80-1.20) 2.09 211 1.57
Ammonaemia (NV=<90 pg/dL) - 179 167
Triglycerides (NV=< 150 mg/dL) - - 454
Arterial lactate (NV=<2.2 mmol/L) - 104 29
Urine lactate (NV=<50 mmol/mmol
creatinine) ( / .
Parenteral nutrition Stop - -
Enteral nutrition No  No Sr:?
Glucose supplementation - Yes  Yes

4 5 6 7 8 9 10 11 12
700 1172 1640 1874 1507 1520 1160 1267 990

540 659 734 736 636 626 560 673 549
35 28 23 24 20 22 22 21 17
56 57 50 41 40 37 35 37 37
13 14 13 12 12 11 09 09 09
159 147 14 136 135 132 126 1.26 1.27
155 139 153 99 79 97 88 111 63
438 498 608 604 - 444 338 303 223
20 13 14 19 20 15 14 19 19
No 500 500 500 500 500 500 500 500

ml ml ml ml ml ml ml ml
Yes Yes Yes Yes Yes Yes Yes Yes Yes

GGT, gamma-glutamyl transferase; AST, aspartate aminotransferase; ALT, alanine aminotransferase; INR, International Normalized Ratio. Enteral nutrition (Peptamen HN, Nestlé® HealthScience): proteins
20% (33 g/500 ml), glucose 47%, lipids 33% (24.5 g/500 ml, 70% of fat as medium-chain triglycerides). Enteral nutrition consited of Peptamen HN ( Nestlé® HealthScience Belgique, Brussels, Belgium )
proteins 20% (33 g/500 ml), glucose 47%, lipids 33% (24.5 g/500 ml, 70% of fat as medium-chain triglycerides).
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increased, with additional supplementation of hyper-
tonic glucose to control episodes of hypoglycemia.

Three days after the administration of amiodarone,
the enteral nutrition was progressively reintroduced.

Continuing correction of metabolic disorders char-
acterized the further biological course. Parenteral nu-
trition, including a moderate dose of lipids, was re-
sumed on day fourteen, to complete enteral nutrition.
This approach was well tolerated.

E DISCUSSION

In addition to the common metabolic disorders ob-
served during the course of acute pancreatitis com-
plicated by multiple infections, this patient presented
less common metabolic manifestations. The primary
documented disorders were hypertriglyceridemia, hy-
poglycaemia, hyperlactatemia and hyperammonemia.
These findings were suggestive of disorders of fatty ac-
ids oxidation (FAO), hypertriglyceridemia and hypo-
glycemia, together with inhibition of the mitochondri-
al respiratory chain (hyperlactatemia) and urea cycle
(hyperammonemia).

The common causes for these disorders were inves-
tigated and particularly the potential role of drug pre-
scription and nutritional status. Hypertriglyceridemia
and hyperammonemia were associated with a rise in
liver enzymes, mainly alkaline phosphatase, and he-
patic dysfunction was therefore suspected.

Oral long-term use of amiodarone may be compli-
cated by an asymptomatic rise in serum transferase
concentration in up to 25% of treated patients [7]. The
steatotic pattern of drug-induced liver injury is well-
known in patients with long-term administration of
amiodarone and occurs after several months or years
of treatment [8]. Steatosis during amiodarone therapy
may result from impaired {3-oxidation [8-9]. By con-
trast, acute hepatotoxicity following intravenous load-
ing appears exceptional, and the possible role of the sol-
vent has been discussed [10-15]. Usually, liver injury is
rapidly reversible after discontinuation of amiodarone
[2]. However, amiodarone can also cause fulminant
hepatic failure, especially following a high-dose intra-
venous administration. Lethal cases presented massive
hepatic necrosis on their histology, which was not ob-
served in the current case [1-6].

Drugs associated with mitochondrial toxicity and

failure of aerobic metabolism usually produce micro
vesicular steatosis with minimal inflammation and ne-
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crosis at liver biopsy [16]. These changes may develop
within days of the administration of aspirin) or weeks in
the case of linezolid. By contrast, amiodarone is usually
considered to cause chronic liver injury. Amiodarone
can induce steatohepatitis-like liver damage which can
eventually lead to cirrhosis [17]. Amiodarone-induced
liver injury is associated with both microvesicular stea-
tosis and macrovascular steatosis as a consequence of
impaired mitochondrial function and inhibition of
fatty acids oxidation [8,9].

Amiodarone is an amphiphilic drug with protonable
amine moiety that favours its accumulation inside the
mitochondrial matrix. In amiodarone, the benzofura-
nyl-phenyl methanone moiety could be the chemical
structure responsible for mitochondrial dysfunction
[18]. The drug has been shown to have a dual action on
fatty acids oxidation [18,19]. Amiodarone, at least in
some in vitro models, is a direct inhibitor of carnitine-
palmityl transferase 1 (CPT1) [20]. This would result
is a reduced availability of acylcarnitine, with in turn,
reduced plasma ketone bodies, accumulation of plasma
acylcarnitine derivatives and urine dicarboxylic acids,
and severe hypoglycaemia [17,22]. The decrease of
acetyl-CoA formation would also reduce the availabil-
ity of N-acetyl glutamic acid (NAGA), a substrate for
carbamoyl phosphate synthetase (CPS1), and reduce
ammonia clearance. Amiodarone could also impair
fatty acids oxidation by the inhibition of the mitochon-
drial respiratory chain activity at the level of complexes
Iand IT [19-21] It is also to be noted that in our patient,
the endogenous synthesis of carnitine could have been
reduced by malabsorption, sepsis and organ failure
[23].

The possible role of pre-existing liver steatosis and
obesity may also be considered [24,25]. Obese indi-
viduals may present a higher risk of drug-induced liver
injury, but this is unlikely in the case for amiodarone
[26]. Additionally, a review of the literature suggests
that, among the medications prescribed to the patient
during the week before the onset of the most recent and
unexpected metabolic disorders, no drug other than
amiodarone had the ability to inhibit CPT1.

In the present case report, the mechanism caus-
ing hyperammonemia remains speculative (Figure 1).
Ammonia production by intestinal bacteria was un-
likely as previously the patient had a total colectomy.
The absence of an inborn error of metabolism in the
urea cycle was also verified. Carnitine is also indirectly
required for the proper functioning of the urea cycle.
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Fig. 1. (Adapted from [22,23]). Possible mechanisms of amiodarone-induced hypertriglyceridemia and hyperammo-
nemia. Amiodarone is recognized as a potential inhibitor of carnitine-palmityl transferase 1 (CPT1). This will result in a
reduced availability of acylcarnitine, with impaired beta-oxidation and acetyl-CoA production. Amiodarone also impairs
the mitochondrial respiratory chain activity at the level of complexes | and Il. The decrease in acetyl-CoA may also reduce
the availability of N-acetyl glutamic acid (NAGA), a substrate for carbamoyl phosphate synthetase (CPS1).

The synthesis of N-acetyl glutamic acid (NAGA), an
important cofactor of carbamoyl phosphate synthetase
(CPS1), produced from acetyl-CoA and glutamate by
NAGA synthetase, is decreased.

Finally, there is no documented relationship between
and anomalies in the FAO or urea cycle and Gardner’s
syndrome.

B CONCLUSION

In conclusion, even a short course of amiodarone
therapy may disturb some metabolic pathways, mainly

FAO. The reasons why the present patient was so sus-
ceptible to this remains speculative as amiodarone is
widely and safely prescribed in ICU patients with vari-
ous medical conditions. Genetic predisposition could
not be excluded. Other factors are probably involved
and this would be particularly the case for critically ill
patients presenting with associated causes for acquired
carnitine deficiency such as sepsis or a catabolic state,
or pre-existing disorder, including non-alcoholic liver
fatty disease.

Reversibility was observed after amiodarone discon-
tinuation.
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