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ARTICLE INFO ABSTRACT

Keywords: Individuals with LPIN1 deficiency have early recurrent, life-threatening rhabdomyolysis but the full phenotypic
LPIN1 spectrum and optimal treatment of the disorder remains unknown. Here we report the clinical details and
Rhabdomyolysis treatment outcomes of 6 patients from our health system. The average age of presentation in our cohort was 23.8
months +11.6 months (range 15-46 months). The average number of days for each hospitalization for this cohort
is 11.7+13.2 days. Creatinine kinase (CK) levels peak during our care averaged 607,725 units/L (range 157,000-
1,100,000 units/L). We observed that aspartate aminotransferase levels paralleled the CK levels in its elevation
and resolution (Pearson's correlation R = 0.995); while alanine aminotransferase paralleled the elevation but
lagged in the resolution of CK levels (R = 0.728). Unlike historical accounts, in our patient population, rhab-
domyolysis was sometimes seen without inciting viral or traumatic events. We also cared for multiple individuals
that had received treatment at other centers. This allowed us to compare multiple practice approaches and led to

a standardized Care Recommendations.

1. Introduction

Acute recurrent myoglobinuria (OMIM #268200) has recently been
attributed to bi-allelic mutations in LPIN1 [1-3]. The spectrum of clin-
ical features includes myoglobinuria, myalgia, hypotonia, muscle
weakness, decreased reflexes, and in some severe cases, acute renal
failure. Rhabdomyolysis is a condition in which injured skeletal muscle
breaks down, leading to a release of the muscle fiber contents into the
blood, which can be clinically monitored by measuring creatine kinase
levels (CK) [2,3]. While rhabdomyolytic episodes can occur without a
significant trigger, they often present after febrile illness, strenuous
exercise, and fasting [2,4]. Multiple cases have been reported of sudden
death from arrhythmia, hypothesized to be due to hyperkalemia [5-7].
The underlying genetic etiology of rhabdomyolysis is expanding as
molecular testing has led to classifications of various conditions. LPIN1
deficiency is diagnosed through clinical evaluation, detailed history,
laboratory studies evaluating CK and urine myoglobin levels, muscle
biopsy (no longer recommended), and genetic testing to distinguish
inherited from acquired causes of rhabdomyolysis.

LPIN1 deficiency is an autosomal recessive disease [1].The patho-
physiological basis of LPIN1 deficiency, including the associated

rhabdomyolysis, has not be fully elucidated. Lutkewitte and Finck
recently proposed that the ability of Lipinl, the protein product of
LPIN1, to lead to regulation of the amounts of diacylglycerol and
phosphatidic acid outside of adipose tissues impacts critical signaling
cascades. This leads to alterations in cellular homeostasis in mammalian
organisms (reviewed in Lutkewitte and Finck [8]). The LPINI gene ex-
presses a magnesium-ion-dependent phosphatidic acid phosphohy-
drolase enzyme that catalyzes the dephosphorylation of phosphatidic
acid to yield diacylglycerol and is consequently required for adipocyte
differentiation [1,6,9]. In mouse models, decreased gene expression
leads to skeletal myopathy [10]. Jiang et al. showed that lipin1-deficient
mice lack the ability to properly regenerate skeletal muscle, showing the
importance of this lipid regulator on the overall stability of skeletal
muscle [11]. The current working model of the mechanism of disease
includes that loss of Lipinl function impact normal phosphatidic acid
metabolism. This leads to an alteration in the signaling pathways for
fatty acid metabolism and signal transduction responses. For example,
by disturbing its role in communications to various organelles during
stress leading to unregulated stress response, abnormal function of
mitochondria in terms of fusion and fission, altered fatty acid oxidation
and impaired formation of these autolysosomes in muscle, resulting in
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Table 2

Time course for increases (and decreases) of K levels (mmol/L), CK levels (units/
L), AST (units/L) and AST (units/L) for Subject 1 (Episode #3) illustrates the
rapid rise of CK and K level with peak at 40 h and 14 h respectively. Time O is
defined as the first laboratory draw taken (in the emergency room). nd: not done
(measured).

Time Potassium (mmol/ CK (units/ AST (units/ ALT (units/
(hour) L) L) L) L)
0 4.1 6851 196 35
4 5.2 96,800 1563 302
6 nd 149,800 nd nd
12 7.6 262,100 3462 815
14 8.3 nd nd nd
16 6 386,300 4578 1171
20 3 413,920 4965 1119
26 2 727,375 9089 1960
32 2.4 806,000 12,443 2945
40 2.8 1,113,400 15,047 3826
46 2.7 942,400 nd nd
52 nd 618,125 nd nd
58 nd 635,000 nd nd
64 1.8 604,625 8007 3921
70 nd 631,840 nd nd
76 2.6 294,375 nd nd
82 nd 135,120 nd nd
89 2.7 247,625 3129 3620
92 nd 166,600 nd nd
98 nd 89,250 nd nd
104 nd 57,250 nd nd
110 3.3 42,125 1151 3158
116 nd 36,208 nd nd
122 nd 16,649 nd nd
128 nd 19,600 nd nd
135 3.7 14,880 591 2688
157 nd 6197 nd nd
168 3.3 4367 nd nd
180 3.7 3920 nd nd
192 2.8 3285 141 1133
204 nd 2432 nd nd
216 1.8 1730 78 696
228 nd 1540 nd nd
240 2.6 1462 61 462
246 nd 1232 nd nd
252 3.3 1410 nd nd
264 4.3 1044 68 380
276 nd 1189 nd nd
288 4 1003 65 325
300 4.3 743 68 278
325 3.4 568 39 201
348 3.5 355 30 136
363 2.3 276 20 83
387 3.6 345 23 81
411 3.5 298 20 66
435 3 239 17 55
459 2.9 229 20 51
483 3.7 277 21 43
495 nd 419 nd nd
507 2.9 434 31 38
531 2.5 431 27 34
556 2.6 440 28 37
604 3.5 583 31 34
628 3.8 651 38 35
652 4.2 723 38 37
702 4.1 645 39 35
2.3. Patient 3

Patient 3 first presented at age 4 with pain and refusal to walk. Other
associated symptoms the patient had were abdominal, arm and leg pain.
Baseline CK levels were in the 200 s units/L with CK level peaking at
151,770 units/L during a rhabdomyolysis decompensation event. This
patient responded to fluid-only treatment (10% dextrose with 77 mmol/
L sodium chloride at 1.5 times maintenance rate). Follow up genetic
testing showed homozygous deletion exon 18-19 (initially reported in
[2] and [3]). Age at last follow up was 14 years old. Family's reported
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ethnicity is German, Welsh, English, and Native American.
2.4. Patient 4

Patient 4 presented to our institution with pain and refusal to walk at
3 years old. He had been admitted with a previous episode of rhabdo-
myolysis prior to his diagnosis at 15 months of age to a different insti-
tution. The patients' baseline CK levels range in the 140 s units/L but
peaked at 131,200 units/L with decompensation during his 3-year-old
presentation. Peak K level was recorded at 4.6 mmol/L. He responded
to fluid therapy (10% dextrose with 77 mmol/L sodium chloride at 1.5
times maintenance rate). Genetic testing demonstrated 0.5 kb deletion
in intron 19. Age at last follow up was 6 years old. Family's reported
ethnicity is Salvadorian.

2.5. Patient 5

Patient 5 initially presented with lethargy, bronchiolitis, and weak-
ness at 15 months of age. His baseline CK was 150-160 units/L when
well and the highest recorded CK level was 919,000 units/L. Their
highest K level was 8 mmol/L. During his most severe episode, he failed
fluid therapy and required veno-venous hemodialysis. Genetic testing
showed heterozygous changes with ¢.2174G > A; p.R725H (novel) and
deletion at exon 18-19 (previously reported [2] and [3]). Age at last
follow up was 12 years. Family's reported ethnicities include Irish,
German, Scottish and Native American.

2.6. Patient 6

Patient 6 first presented with symptoms of pain in the legs and
rhabdomyolysis at 2 years of age triggered by an upper respiratory
infection. Past history included multiple admissions for rhabdomyolysis
due to decompensations. Peak CK level for this patient was recorded as
950,000+ units/L (exceeded maximum value available where testing
performed) and highest K level was 5.6 mmol/L. During this event, they
responded to fluid therapy (10% dextrose with 154 mmol/L sodium
chloride delivered at 2-times maintenance rate) and required an insulin
drip to maintain euglycemia. Due to severity of the presentation, ste-
roids were administered (solumedrol 0.6 mg/kg/day). Genetic mutation
demonstrated C.825G > A; p.W275* (novel) and C.1699-2A > G (novel).
Age at last follow up was 6 years old. Family's reported ethnicity is
mixed European, Puerto Rican and Panamanian.

3. Results

The average age of presentation was 23.8 months +11.6 months
(range 15-46 months). Based on the reported ages of individuals who
presented in the literature (see Table 3), 38 +/— 24 months (range 3
months to 7 years), our cohort was identified earlier in life. The average
number of days for each hospitalization for this cohort is 11.7+13.2
days. We intubated and sedated two of these individuals due to the
severity of their symptoms. As expected for severity, individuals
requiring intubation and sedation for management had the longest
hospital courses.

CK levels in this cohort of LPIN1 patient increase at a faster rate than
our cohort with LCHAD over the first several hours—especially in the
first 40 h. In individuals that presented early with mild symptoms, the
maximum CK level peaked at 3 h to 70 h following presentation.
Tracking initial rise in CK levels can be difficult since not all patients in
this cohort initially presented to our institution. However, patient 1's
third admission is particularly informative since we have all her initial
outside laboratory results as well as her hospitalization results (Table 2,
Fig. 1A-C). In this case, the early presentation with refusal to walk led to
immediate evaluation and admission and allowed for CK tracking with
fluid management.

One patient had evidence of an arrhythmia. This occurred when they
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a CK rise in the fist 40 hours
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Fig. 1. A. CK levels for the first 40 h of subject 1 episode #3 as it increases (Approximately 2500 units/L CK increase per hour during the first 40 h). B. CK (units/L
measures for the entire 700 min for event #3, subject 1 as demonstrated in Table 2. C. potassium levels (mmol/L) for 700 h.



N. Kanderi et al.

Table 3
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Reports from the literature for individuals with LPIN1 deficiency Twenty-four individuals have been previously described with lipin-1 rhabdomyolysis. Patients 1, 2
[5]; Patients 3, 4, 5 [2]; patient 6 [6]; patient 7 [20]; patient 8 [4]; patient 9 [21]; patients 10-18 [7]; patient 19-22 [7], Patient 23 [10], Patient 24 [22]. Abbre-
viations: NS: normal saline, D dextrose, IVF: Intravenous fluids, Y year: amp: Amplitude, CHO: carbohydrate, COQ10: Coenzyme Q10, FHX; family history, CRRT:
continuous renal replacement therapy.

Presentation & history Age Baseline CK Max CK Alive or deceased Intervention
(present- (units/L)
ation)
Patient Cardiac arrest; symmetric highampT 6y 22,013 Deceased 31L/m%/d NS + D
1 waves
Patient Muscle paint, brown urine, widening 5y 55,500- Deceased, Cardiac Hyperhydration NS + D
2 QRS followed by arrest; Diffused 213,107 hypertrophy consistent
symmetrical high Amp T waves, with chronic
prolonged QRS hypertension
Patient Recurrent myoglobinuria with Around 2 180,000- Alive IVF with alkalizations
3 febrile illness; intermittent stuporous y 450,000
Patient Recurrent myoglobinuria with Around 2 180,000- Alive IVF with alkalizations
4 febrile illness y 450,000
Patient Recurrent myoglobinuria with Around 7 180,000- Alive IVF with alkalizations
5 febrile illness y 450,000
Patient At 22 m following respiratory 22m 500-2000 250,000- Alive (FHX of 2 siblings ~ Aggressive CHO, MCT oil, regular COQ10, high
6 infection. 25 m, acute muscle pain between 500,000 who died at 2 and 4 calorie drink prior to Physical activity (limit
and weakness following fasting and episodes years exercise to 20 min); dexamethasone
strenuous exercise
Patient Multiple presentation of <7y baseline At least 2 DI1ONS, avoid propofol and Suxamethonium,
7 rhabdomyolysis associated with mild 250-300 episodes CK continued after
febrile illnesses or decreased calories, >180,000
including follow surgery.
Patient 6 rhabdomyolysis episodes, 3 when 4y Alive Hydration, calories, electrolyte replacement,
8 febrile carnitine. Episodes 4-6 dexamethasone
Patient 9y “cola-colored urine”, exercise and 19m Alive CRRT
9 fasting about 12 h, admitted to ICU
Patient Exercise intolerant, renal 37,787 Alive
10 dysfunction, myoglobinuria
Patient Exercise intolerance, renal 15,000 Alive
11 dysfunction during
Patient Myoglobinuria with febrile illness 296,000 Alive
12
Patient Myoglobinuria 36,000 Alive
13
Patient Myoglobinuria 142,000 Deceased
14
Patient Myoglobinuria 16 m 32,668 Alive
15
Patient Myoglobinuria 2y 70,000 Alive
16
Patient Myoglobinuria 8m 200,00 Alive
17
Patient Normal or slightly elevated CK 25y 500,000 Deceased
18 without signs of muscle weakness
Patient Normal or slightly elevated CK 25y 706,800 Alive (Patents 19-22) Treated with hyperhydration (3
19 without signs of muscle weakness L/m?/day of a 10% glucose solution with 80
Patient Normal or slightly elevated CK 6y 140,610 Alive mmol/L sodium chloride and 20 mmol/L
20 without signs of muscle weakness potassium chloride) and forced diuresis. A high-
Patient Normal or slightly elevated CK 4y 625,000 Alive concentration glucose solution was given to
21 without signs of muscle weakness establish anabolism as quickly as possible. When
Patient Normal or slightly elevated CK 5y 140,040 Alive necessary, insulin therapy was started to control
22 without signs of muscle weakness hyperglycemia
Patient Normal strength 16 m 164 498,800 Alive
23
Patient 26 m 943,452 Alive
24

had a K level of 8.8 mmol/L, no concurrent CK level was obtained, but
the CK levels obtained immediately prior and following were 262,100
and 386,300 units/L. The peak K level preceded the CK peak..

Early in this study, transaminase levels were evaluated on initial
admission in this cohort, but frequently not thereafter. Based on the
elevations and the pathophysiology of transaminase release from
acutely injured muscles, we began to track these levels as a second
marker for muscle breakdown. The transaminases are released by
muscle as it breaks-down; thus, aspartate aminotransferase (AST) and
alanine aminotransferase (ALT) appear to serve as secondary markers of
muscle breakdown. In fact, the AST slope of rise and recovery paralleled
the CK levels (Pearson's correlation R = 0.995)(and Fig. 2). The ALT rise

parallels the CK levels; however, the drop in ALT levels lagged after the
CK resolution. Thus, ALT elevations appear to be a longer-term marker
of previous CK elevations (Fig. 2).

4. Discussion

Here, we report the clinical courses for an addition 6 new patients
with LPIN1 deficiency and report and chart their CK levels, K levels, as
well as AST/ALT levels. From these results and new knowledge about
the pathophysiology of Lipinl function, we have devised a set of
guidelines from which we base our treatment for decompensations.

One important question is why do patients with LPIN1 mutations,
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Fig. 2. Percentage of maximum levels for CK, AST and ALT during the first 216
h of a rhabdomyolysis decompensation in Patient 1, episode 3 (non-normalized
levels Table 2). As measured as the percentage of the maximum level detected
during an episode, AST (Orange) and CK levels (Blue) correlate in the rise and
fall (Pearson's correlation R = 0.995. ALT rises at similar rate, but it falls more
slowly (Gray). X-axis is time (Hours), y-axis measures percentage of
maximum level.

which impact the metabolism of de novo synthesis of glyceropholipids,
develop rhabdomyolysis with illness? Recent studies in humans indicate
that one contributory factor may be the tissue distribution of Lipinl.
While there are multiple isoforms of Lipin, only expression of Lipinl has
been identified in human skeletal muscle [9]. De novo synthesis of
glyceropholipds is highly regulated [9] and so coupled with the obser-
vation of accumulation of cholesteryl esters in muscle biopsies isolated
from LPIN I1-deficient patients that these may indicate the cellular
response to impaired triacylglycerol synthesis may include inflamma-
tion [9].

Lipinl may also play a significant role in inducing gene expression
related to modulation of inflammatory markers [12]. Thus, the idea of
using steroids as a possible therapeutic approach is reasonable and
logical. Previously, a cohort of individuals with non-Lpinl caused
rhabdomyolysis was described with a shortened time to CK levels res-
olution with steroid administration [13]. In the cohort described here,
steroids were used with positive effects and this has been added to the
recommendations for treatment for fluid-resistant rhabdomyolysis.

Lipinl plays a role in regulation of fatty acid oxidations and mito-
chondrial function [14]. Thus, approaches to counteract the accumula-
tion of fatty acid production during stress may be effective therapies [9]
This has been demonstrated by showing accumulation of abnormal
mitochondria and the presence of autophagosome structures in muscle
biopsies. This observation is consistent with a defect in autophagic
clearance given LPIN1 role in mitochondrial fission and fusion [14].
Based on these observations, the cohort described was treated with a
glucose infusion rate of 6-10 mg/kg/min to prevent lipid breakdown
and to increase support for stressed mitochondria.

This study was limited by the data available for each patient. For
safety reasons, patients with lipinl deficiency are directed to the closest
hospital available if there are any concerns for a rhabdomyolysis event.
Many institutions do not provide exact levels of CK after a certain level
(i.e., greater than 95,000 units/L). Thus, we have chosen to also track a
second marker, AST, since this enzyme was shown to parallel the CK
levels during rhabdomyolysis events at our center, where the full range
of CK levels were monitored. Thus, high levels of AST would alert the
clinician to the risk for rhabdomyolysis and can serve as a secondary
when true CK levels cannot be obtained. Moreover, the delayed
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normalization of the ALT level was helpful in predicting the trajectory
for patients. For example, by following the ALT levels we could best
assess if the CK values were up or down trending from a peak value
(Table 2).

It is important to note that the rise in CK level is extremely fast in this
patient population. The average rise for our cohort of CK was 2800
units/h, in the first 24 h despite initiation of fluid management. In
comparison, the rise seen in one of our severe long chain hydroxy acyl
dehydrogenase patients during a rhabdomyolysis event was 200-300
units/h in the first 24 h of illness (Chapman et al. Unpublished data).

Phenotype/genotype correlation has not been possible in the small
cohort to date. Severe phenotypes were observed in those with missense
and exonic deletions. We also showed that the age of our cohort is
younger and maximum CK levels higher than those previously pub-
lished. It is unclear if this was due to the bias of this center to assess CK
levels in very ill children, based on experience, or some type of cohort
bias.

Unlike previous publications, in our cohort, patients have episodes of
rhabdomyolysis without inciting factors. We hypothesize that this might
be due to mild viral or bacterial illnesses that occur in young children
without symptoms that are clinically noted. This led to high use of CK
evaluations for even the mildest of symptoms in this younger, more
severe cohort. And likely, we may have identified individuals that would
have previously had potentially life-threatening cardiac arrhythmias
early. Historically, LPIN1 mutation induced rhabdomyolysis was hy-
pothesized to be caused by a combination of genetic susceptibility and
an environmental risk [15]. In this case series, lack of known inciting
environmental factors increases the risk for severe disease based on
genetic susceptibility independent of environmental factors.

Based on the historical data and the six patients presented here, we
have developed a protocol to treat those suspected or known to have
LPIN1 deficiency. This protocol prioritizes 1) providing adequate hy-
dration and calories, AND 2) measure life threatening complications (e.
g., rapid increase in K levels) (Fig. 3). For each patient who presents
emergently with pain (or in younger patients, refusal to move), an
intravenous catheter is placed urgently and 10% dextrose with 0.9%
(154 mmol/L) sodium chloride at 1.5x maintenance rate (providing
about 6-10 mg/kg/min glucose infusion rate depending on the patient's
weight) is started. Our cohort received 7-10 mg dextrose /kg/min due to
use of 10% dextrose and their weights based on using 1.5x maintenance
calculations. This glucose infusion rate has been historically chosen to
slow catabolic demand, based on data showing that a dextrose delivery
rate of 6-10 mg/kg/min was shown to be adequate to replace gluco-
neogenesis in patients with glycogen storage disease, type 1 [16].

If low bicarbonate (<20 mmol/L) or CK greater than 50,000, sodium
bicarbonate is added to deliver at least 2 mEq/kg/day and mixed with
sodium chloride for a sodium goal (total of 154 mmol/L). The addition
of sodium bicarbonate allows more balanced fluids; decreased risk for
hyperchloremia; and alkalization of the urine, which has a historical role
in renal protection [17]. Dialysis using can be added for extreme
elevation of potassium, other severe electrolyte imbalances, fluid over-
load, renal dysfunction.

Potassium (K level) is monitored every 1-12 h (depending on timing
in relation to first symptoms and initial level at presentation) (Fig. 3). If
the initial K level is elevated and/or patient is early in their course (<8 h
since initial pain symptoms), K level is monitored every 1-2 h to assess
the rate of rise. In our cohort and others with LPIN1, the most rapid rise
in K levels occurs in the first 8 h of symptoms and so particular attention
is paid during this time.

Extremely elevated K levels (>7 mmol/L) are rare in our cohort. Due
to reports of arrhythmias and family history of a sudden death in a child
concerning for a fatal arrhythmia, all known patients are placed on a
cardiac monitor. Special attention is paid to early signs of elevated K
levels including widening of the QRS complex on EKG/monitor, peaked
T waves in precordial leads, shortened QT interval, and ST segment
depression.
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Patient presents to care (e.g., fever, pain, other symptoms)
Check immediately

v v h L
CK Potassium (K) AST/ALT, HCO3, CI Place on monitor
(see CK chart) (see K chart) Glucose EKG

Start D10ONS at 1.5x Maintenance
(while wait for lab/testing results) may add insulin drip if elevated glucose

CK (Follow AST/ALT if your institution cannot do dilution CKs) K Levels

<1,000 units/L >1,000 to 50,000 units/L >50,000 units/L >100,000 units/L 5

3 =% ” >7.0 mmol/L 5.0-6.9 mmol/L <5.0 mmol/L <2.9 mmol/L
Continue fluids Continue fluids (at least D10 NSS) Add NaHCO3 2mEq/kg/d See recs for >50,000 Repeat at Ie/asl Repeat 1 hour until Repeat every 1 hour if less Consider
Recheckin4 hours, Check in4-8 hours and maintain Na at least Consider secating, every hour confirmed stable, then every than 8 hours since symptoms whether K
If not significantly Plan for admission 154 mmol/L using NaCl paralyzing,intdbating Look at monitor 4 hours for first 12 hours or demonstrate to be stable needs to be
increasing Consider adding HCO3 to fluids Consider increasing patient and EKG and then every 12-24 hours. then every 4 hours (for 1% 12 added to
And normal K then dextrose and adding (Treatelevated K) Ifincreasing and >6.0 hours and then every 12-24 fluids
consider treating as insulin drip mmol/L, treat elevated K hours depending on levels)
outpatient

Monitor/EKG
AST/ALT: usually follow every 24-48 hours, but if substituting for CK, consider more frequently earlier If peaked T in precordial leads, shortened QT, ST segmental

If arrhythmia: treat according to

HCO3/Cl: watchingat least every 24 hours to make sure appropriate and can manipulate fluids if necessary A ratoca]

Glucose: every 1 hour if on insulin drip (or per institutional protocol) otherwise every 24 hours

depression, widened QRS, consider treating as if elevated K level
Consider usual therapies (insulin-—-may need increased dextrose,
albuterol, and/or extra calcium via IV (e.g., Calcium gluconate or
calcium chloride)

Fig. 3. Summary of the protocol for individuals with LPIN1 deficiency.

If severe hypokalemia (<3.0 mmol/L) develops, which often occurs complex or prolonged rhabdomyolysis events.
later in the treatment course due to fluids without potassium being used, In summation, the cohort described and those in the literature
replace potassium, as necessary. Our data indicate that low K levels are indicate that the rhabdomyolysis in patients with LPIN1 deficiency can
not usually observed before 24 h from initial symptoms, especially if be seen in a setting of an inciting factor or when one is not identified;
given fluids without potassium. should be monitored by use of either dilutional CK levels or co-
Many individuals will require insulin to maintain normoglycemia monitoring of transaminase levels; treated with high glucose fluids
with this protocol. This is physiologically important since hyperglyce- with or without bicarbonate supplement based on laboratory values;
mia is evidence of poor glucose uptake by stressed muscles. Thus, insulin monitored for elevated K levels [19] that may lead to arrythmias; and
should be considered before reducing the glucose infusion rate of the have anti-inflammatory treatment (i.e., dexamethasone) considered for
fluids. The use of insulin should also lead to careful K level monitoring severe case presentations.
since insulin can lead to iatrogenic hypokalemia. As implied above, early
initiation of an insulin drip allows for improved glycemic control as well Declaration of Competing Interest
as a transition away from fatty acid oxidation towards glycolysis.
Phosphorus and magnesium should be monitored every 6-12 h and None.
replaced as is necessary.
We do not routinely check or follow urine myoglobin since levels Acknowledgements
would not alter our therapeutic interventions.
If CK levels are particularly elevated (>100,000 units/L) or rapidly Rachael Batabyal from the Children's National Emergency depart-
rising without a treatable underlying cause, additional intervention ment who reviewed the critical care protocol.
should be considered. To prevent increased catabolism and stress,
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