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Continuous Renal Replacement Therapy in a
4-year-old Child with Rhabdomyolysis Fol-
lowing Parainfluenza Virus Infection and Hy-
perammonemia due to Isovaleric Acidemia

Parainfluenza virus infection is one of the causes of fatal rhabdomyolysis. Rhab-
domyolysis can be aggravated by mitochondrial fatty acid R-oxidation disorders
during prolonged periods of fasting. Moreover, in patients with late-onset iso-
valeric acidemia, hyperammonemia may occur following catabolic stress. In the
present report, we describe a case of a 4-year-old boy with parainfluenza virus
infection and late-onset isovaleric acidemia that rapidly progressed to coma,
seizures, and cardiorespiratory collapse. His serum ammonia and creatinine
kinase (CK) levels were 385 uMol/L and 23,707 IU/L, respectively. Continuous
renal replacement therapy (CRRT) was initiated using continuous venovenous
hemodiafiltration, after which the ammonia and CK levels returned to normal.
Thus, we recommend the immediate initiation of CRRT in the management of
patients with life-threatening rhabdomyolysis and hyperammonemia.
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Introduction

Rhabdomyolysis and hyperammonemia due to congenital metabolic
disorders are often treated with hemodialysis (HD) [1]. However, conven-
tional HD may be relatively ineffective in removing circulating myoglobin
due to its large molecular weight. Continuous renal replacement therapy
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(CRRT) has the advantage of removing relatively large
molecules and abolishing rebound hyperkalemia and
acidosis through continuous venovenous hemofiltration
or hemodiafiltration. Theoretically, convection removes
larger molecular-weight solutes better than diffusion [1].

Here, we report a case of rhabdomyolysis and hype-
rammonemia in a 4-year-old boy following parainfluenza
virus infection and late-onset, transient isovaleric aci-

demia, which was treated successfully with CRRT,

Case report

A 4-year-old boy was transferred to our emergency
room due to a change in mental status. Four days before
admission, he developed fever, vomiting, and diarrhea.
Oral medication was administered at a local clinic, but
vomiting and diarrhea continued 5 to 6 times a day;,
There was no specific perinatal or past medical history.
He did not experience any trauma or drug intoxication.

On physical examination, the child was lethargic,
stuporous, and severely dehydrated. He had a blood
pressure of 100/48 mmHg, a pulse rate of 130/min, a
body temperature of 375, and a respiratory rate of 42/
min., His previous body weight of 19 kg had decreased
to 18 kg. He did not show any meningeal signs such as
Brudzinski or Kernig signs.

Initial laboratory findings revealed hypoglycemia (45
mg/dL, range 70-110), hyperammonemia (385 pMol/L,
range 0.0-54), and rhabdomyolysis (creatinine kinase,
1,665 TU/L; range 30-180). Aspartate aminotransferase
(AST, 133 IU/L; range 5-40), alanine aminotransferase
(ALT, 129 TU/L; range 8-41), lactate dehydrogenase (LDH,
592 TU/L; range 100-200), and uric acid (12.0 mg/dL; range
2.0-55) levels were elevated. Prothrombin time was 13.6
seconds (INR 1.18) and activated partial thromboplastin
time was 25 seconds. The electrolyte results were as
follows: serum sodium of 148 mEq/L (range 135-145),
potassium of 3.4 mEq/L (range 3.5-5.5), chloride of
114 mEq/L (range 98-107), and total carbon dioxide of
7 mEq/L (range 24-31), suggesting severe metabolic
acidosis. Arterial blood gas analysis results were as
follows: pH 7.285, pCO, 9.8 mmHg, pO, 854 mmHg,

base excess -18.6 mEq/L, and HCO, 4.6 mEq/L. These
results also indicated severe metabolic acidosis with
respiratory compensation, The calculated anion gap
[Na"-(CI'+HCO;)] was 27 mEq/L in ambient air. The
specific gravity of his urine was elevated to >1.035, and
the urine was positive for ketone 3. Cerebrospinal fluid
profiles were all within normal ranges and no organisms
were isolated from blood, urine, or CSF cultures, However,
parainfluenza virus was detected by polymerase chain
reaction in nasopharyngeal specimens. With a high
index of suspicion for organic acidemia, treatment with
sodium phenylbutyrate, L-carnitine, lactulose enema,
and 10% dextrose in water was begun.,

On the third day of admission, laboratory testing re-
vealed rapidly deteriorating rhabdomyolysis. Maximum
creatinine kinase (CK) and CK-MB levels were 23707 TU/
L and 131, 3 pg/L (range 0.0-5.0), respectively. Tandem
mass spectrometry (MS/MS) showed an increase in
isovalerylcarnitine [C5] (1.513 uM, range 0.005-0.899),
suggesting isovaleric acidemia, which requires a low
protein and leucine diet. Increases in AST to 1,626 TU/L,
ALT to 691 IU/L, LDH to 2,719 TU/L, uric acid to 10.6 mg/
dL (range 2.0-5.5), myoglobin to 2,020 ng/mL (range
0.0-72), and the onset of acute kidney injury (creatinine,
1.0 mg/dL; range 0.3-0.6) indicted CRRT. CRRT was
performed for 5 days, after which rhabdomyolysis and
hyperammonemia subsided (Fig. 1).

After 2 weeks, urinary aminoacid analysis showed
high amounts of B-aminoisobutyric acid (3,103 pmol/g
creatinine), arginine (216 pmol/g creatinine), cystathionine
(44 pmol/g creatinine), cystine (139 wmol/g creatinine), and
ethanolamine (1,837 umol/g creatinine). Tandem mass
spectrometry analysis performed two months later re-
vealed an increase in octanoylcarnitine [C8] (0.803 pM,
range 0.010-0.453) and decenoylcarnitine [C10:1] (0438
uM, range 0.005-0.233), suggesting medium-chain acyl-
coenzyme dehydrogenase deficiency. However, the
A985G and T199C mutations commonly associated with
that deficiency had not been detected. He was discharged
with puritan (vitamin B2) and L-carnitine syrup. He has
been doing well over one year of follow-up and shows
no evidence of recurrent rhabdomyolysis or hyperam-

monemia,
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Discussion

Rhabdomyolysis is a syndrome caused by various insults
to skeletal muscle and results in the release of myoglobin
into the plasma, Massive rhabdomyolysis accompanied by
viral myositis and its consequences have been reported
by several researchers [2]. In a retrospective series from
a pediatric emergency room, 38% of rhabdomyolysis
cases were found to have been caused by viral myositis
[2]. Several viruses such as adeno, influenza A and B,
coxsackie, Epstein-Barr, echo, and measles have been
implicated in the pathogenesis of rhabdomyolysis [3].
Parainfluenza virus is known to be one of the causative
viruses for complicated rhabdomyolysis. To our know-
ledge, only 6 cases of rhabdomyolysis induced by para-
influenza virus infection in adolescents and children have
been reported in the literature: 3 were attributed to pa-
rainfluenza type 1 [4-6], 2 to parainfluenza type 2 [7,
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8], and 1 fatal case was attributed to type 3 [9] (Table
1). While rhabdomyolysis is rare, it is a life-threatening
complication of viral myositis. We believe that the most
probable cause of rhabdomyolysis in our patient was from
a parainfluenza virus infection aggravated by coexistent
isovaleric acidemia, which caused severe metabolic
acidosis and hyperammonemia, finally resulting in acute
kidney injury. CRRT is able to remove myoglobin from the
blood in spite of its large molecular weight, thus aborting
rebound hyperkalemia and acidosis. Consequently, virus-
induced fatal rhabdomyolysis can be effectively treated
by CRRT, resulting in successful clinical outcomes [10].
Isovaleric acidemia, a type of organic acidemia, is an

autosomal recessive congenital defect in leucine meta-
bolism caused by deficiency of isovaleryl-CoA dehydro-
genase, a mitochondrial enzyme [11]. Most organic acide-
mias become clinically apparent during shortly after birth
or in early infancy, However, there is another phenotype
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Fig. 1. Changes in serum myoglobin (A) and ammonia (B) levels. Continuous renal replacement
therapy effectively decreased both increased serum myoglobin and ammonia levels to normal

range.

Table 1. Summary of Previously Reported Patients with Parainfluenza-induced Rhabdomyolysis

Clinical

Serum Serum

Authors Age/sex  Virus species CK AST LDH . . Treatment  Prognosis
symptoms myoglobin anion gap
Case 1 Panaetal (4) 10yr/M Parainfluenza Muscle 7,563 71 617 NA NA Oral fluid good
(2011) type 1 weakness u/L u/L u/L intake
Case 2 Ebbeson et al 6 yr/F Parainfluenza  Fever, malaise, >50,000 156 NA NA 9 hemodialysis  good
(6) (2009) type 1 sore throat U/L U/L mEq/L
Case 3 Vrsalovic (5) 5yr/M  Parainfluenza Rhinorrhea, 22,242 1,040 2995 NA NA CRRT good
(2007) type 1 vomiting, U/L U/L U/L
spastic
quadriplegia
Case 4 Zvolanek (7) 8 yr/M  Parainfluenza Fever, headache, 4,060 204 NA NA NA Conservative  good
(1984) type 2 Vomiting U/L U/L Tx
Case 5 O'Connor etal 38 yr/M  Parainfluenza Dark urine 66,000 1,200 4,500 NA NA hydration good
(8) (1982) type 2 mU/dL  mU/dL mU/dL
Case 6 Ueda et al 4yr/M  Parainfluenza Rhinorrhea, 1,700 392 1,032 NA NA Aspirin fatal
(9) (1978) type 3 cough U mU/mL mU/mL
Case 7 Park et al 4yr/M  Parainfluenza Fever, vomiting, 23,707 1,626 2,719 2,020 27 mEgq/L CRRT fatal—
(present study) (2011) (No type) diarrhea U/L U/L U/L ng/mL good

Abbreviations: NA, not available; CK, creatinine kinase; AST, Aspartate aminotransferase; LDH, lactate dehydrogenase
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similar to that seen in our case that presents after an initial
period of good health in which the patient develops a life-
threatening episode of metabolic acidosis characterized
by an increased anion gap [12]. This late-onset organic
acidemia is difficult to detect. Children with organic aci-
demia are susceptible to metabolic decompensation
during acute episodes of increased catabolism such
as intercurrent illness, trauma, surgery, or prolonged
episodes of fasting. First-line diagnosis of organic
acidemia is by organic acid urine analysis. However,
tandem mass spectrometry (MS/MS), which is used
in newborn screening, is also helpful in establishing
a prompt diagnosis in some unexpected late-onset
metabolic crises following catabolic stress [13]. In our
patient, catabolic stress due to upper respiratory infection
by parainfluenza virus infection, vomiting, diarrhea, and
poor oral intake induced the presentation with transient
isovaleric acidemia and hyperammonemia and rapidly
aggravated the clinical course of rhabdomyolysis. Excessive
ammonemia, which occurs in organic acidemia, should
be treated early with hemodialysis and medication such as
N-carbamylglutamate [10]. CRRT has proved effective in
many studies for treating hyperammonemia complicated
by congenital metabolic defect [14-16].

In conclusion, this case highlights the significance of
maintaining a high index of suspicion for viral infection in
children with rhabdomyolysis and emphasizes the role
of CRRT in the management of fatal rhabdomyolysis and
hyperammonemia in children who have parainfluenza
virus infection and coexistent isovaleric acidemia,
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