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Medium Chain Acyl Dehydrogenase Deficiency (MCADD)
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PUT CRITICAL INFORMATION ON PAGE 1.
The initial management (0-6 hours) of acute illness with MCADD has three interrelated goals:

(1) To infuse glucose at a rate in excess of the basal metabolic rate of the patient in order to induce an insulin sufficient
state, inhibit fatty acid oxidation, and allow all organs to use glucose as the primary fuel;

(2) To suppress release of fatty acids from fat stores;

(3) To restore intravascular volume using Normal Saline (NS) and regenerate free Coenzyme-A through high doses of IVcarnitine.

GIVE D5-NS 10 ml/kg over 20 minutes, then 10 ml/kg over 40 minutes. This infusion will provide 0.5 g/kg of glucose
over 20 minutes and 1.54 mEq/kg Na and a second bolus of glucose 0.5 g/kg & Na 1.54 mEq/kg in the next 40 minutes.

L-carnitine 100 mg/kg should also be given over the first hour.
If the patient is vomiting Zofran 0.15 mg/kg IV push should be given.
If the blood glucose increases above 200 mg/dl then give insulin 0.05-0.1 units/kg-hour.

The infusion of 1 g/kg of glucose over 1 hour provides a glucose infusion rate of 16 mg/kg-minute and a caloric infusion
rate of 4 Cal/kg-hour or 96 Cal/kg-24 hours. An infusion of 3 mEq/kg will result in an increase in serum Na of
approximately 5 mEq/L.
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Review the chemistries, assess glucose tolerance, and intravascular hydration.

After 1-2 hours, change the IV to D10% glucose with ½ NS and KCl 20 mEq/L and reduce the infusion rate to 6-8 ml/kghr, ~1.5-2 x-maintenance fluids, which provides a glucose infusion rate of 10-12 mg/kg-minute, or 60 – 75 Cal/kg-24
hours, which is in excess of the basal metabolic rate.

DO NOT FORGET THE MOUTH!
LET THEM EAT CAKE (ICING!).
For a 2 yo who weights 10 kg or a 6 yo who weighs 20 kg or a 50 kg adult the “sugar” and the volume of Gatorade needed
to provide 0.5 – 1 gram/kg of sugar and 10 – 20 ml of oral Gatorade should be understood. Sweet juices like apple juice r
orange juice or sodas have about 12 grams of sugar per 100 ml (~3 oz). Gatorade only has about 3 grams of glucose per
100 ml but sugar can be added. Add 10 grams of sugar (about 1 tablespoon) to 100 ml of Gatorade and you have an oral
D13% glucose solution. 10 ml/kg = 100 ml ( 3 oz), 200 ml (~6 oz) and 500 ml (~ 16 oz) to be “sipped” over 20-30
minutes. Then repeat in the next 30 minutes…..On the way to the ER or waiting for the IV to be started.

Confectioner’s Sugar, mixed with a pinch of salt & vanilla to taste, cake icing – give 5-10 grams in teaspoon doses every
15 minutes…..

STOP ALL PROTEIN – APPLIES TO ACUTE CARE FOR DISORDERS OF AMINO ACID, ORGANIC ACID, OR
AMMONIA METABOLISM. Patients with MCADD require dietary protein, or amino acids in the IV solution, to
recover.
NOTE: AFTER 12 HOURS RE-INTRODUCE ORAL PROTEIN 1-2 GRAMS/KG –DAY, OR, ADD AMINOSYN OR
ANOTHER SOURCE OF INTRAVENOUS AMINO ACIDS 1-2 GRAMS/KG-DAY.
GLUCOSE ALONE IS NOT A SUFFICIENT SOURCE OF CITRIC ACID CYCLE INTERMEDIATES - CITRATE, 2KETOGLUTARIC ACID, SUCCINYL-COA, AND OXALOACETATE, - TO MAINTAIN NORMAL
MITOCHONDRIAL FUNCTION.
PROLONGED AND HIGH RATES OF GLUCOSE INFUSION WILL INCREASE INSULIN, SUPPRESS PLASMA
AMINO ACIDS AND FREE FATTY ACIDS AND ULTIMATELY PRODUCE A DIABETIC-LIKE
CARDIOMYOPATHY BECAUSE OF MITOCHONDRIAL - CITRIC ACID CYCLE - DYSFUNCTION.
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IN PATIENTS WITH MCADD RE-INTRODUCE A HIGH PROTEIN, HIGH CARBOHYDRATE. AND LOW FAT
DIET AS SOON AS POSSIBLE OR PROVIDE A GLUCOSE & AMINO ACID TPN SOLUTION THAT CONTAIN
TYPICAL ELECTROLYES, CALCIUM, PHOSPHOROUS, AND THE USUAL METABOLIC COFACTORS.

D5% glucose if infused at maintenance rate of 4 ml/kg-hour provides only 3 mg/kg-minute of glucose, provides only 17
Cal/kg-day, well below the basal metabolic rate. This infusion rate will not reverse hypoglycemia, induce insulin release,
or suppress fatty acid catabolism, for these reasons the metabolic illness caused by fasting & catabolism will continue.

REGARDLESS OF THE CONCENTRATION OF GLUCOSE – D5, D10, D12.5 OR D25 – IT IS A SUSTAINED
RATE OF GLUCOSE INFUSION ABOVE THE BASAL METABOLIC RATE OF THE PATIENT THAT IS
THERAPEUTIC – A D5-NS BOLUS OF 10 ML/KG PROVIDES 0.5 G/KG OF GLUCOSE WHICH IF GIVEN
OVER 20 MINUTES TRANSLATES INTO A VERY HIGH INFUSION RATE OF 25 mg/kg-minute.
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WHAT is Medium Chain Acyl Dehydrogenase Deficiency (MCADD)

MCADD is a disorder of fat oxidation characterized clinically by episodic illnesses with vomiting, lethargy, liver
dysfunction and encephalopathy which are usually provoked by viral or bacterial infections or by fasts. The disorder is
commonly misdiagnosed SID or near SID in infants and a as Reye syndrome in older children. Hypoglycemia and
hyperammonemia develop late in the course of a metabolic illness, are signs of severe metabolic decompensation, and
should be considered medical emergencies. Patients may have normal blood sugar, ammonia, and normal liver
function tests and nonetheless be seriously ill. After vomiting and other clinical and biochemical signs of illness
develop, neurological deterioration can be expected to progress rapidly and a patient may become comatose or die
within a few hours.
RATIONALE FOR THERAPY: The metabolic basis of the acute illness caused by this biochemical disorder in
part relates to an inability to form ketone bodies from fat as part of the late adaptation to fasts. Metabolites from the
incomplete breakdown of fatty acids also may have an important role in liver, muscle, and brain intoxication – especially
the Coenzyme-A esters of octanoate & decanoate & cis-4-decenoate. Carnitine, oral or iv, removes these medium chain
fatty acids from CoA, regenerates free CoA, and helps limit toxicity. Pantothenic acid in most carnitine mixtures provide a
source of coenzyme-A and may help prevent free-CoA depletion. When carnitine is depleted hexanoylglycine and suberylglycine appear in urine as pathological metabolites, however, the glycine conjugation pathway does not appear to be an
effective excretion or CoA-ester detoxifying pathway.
The initial management (0-6 hours) of acute illness with MCADD has three interrelated goals: (1) to infuse glucose
at a rate in excess of the basal metabolic rate of the patient in order to induce an insulin sufficient state, inhibit fatty acid
oxidation, and allow all organs to use glucose as the primary fuel; (2) to suppress release of fatty acids from fat stores; (3)
restore intravascular volume and regenerate free CoA through high doses of IV-carnitine. The inhibition of mitochondrial
uptake and catabolism of fatty acids requires high blood insulin levels and normal blood pH. The success of the therapy
depends upon an insulin response to rapid glucose administration and upon continued infusion of glucose at a rate of at
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least 1.5 X basal metabolic rate of the patient. If hyperglycemia (>200 mg/dl) persists beyond the first hour of therapy then
regular insulin should be administered by IV bolus starting 0.1 units/kg. Insulin boluses should be used to maintain the
blood glucose between <200 mg/dl and should be discontinued when the blood glucose remains below 150 mg/dl.
Hyperglycemia should not be considered an indication for lowering the rate of glucose infusion, to do so defeats the
purpose of the therapy with glucose.
Patients may have a normal blood pH and be significantly intoxicated, however, if present, acidemia should be
treated aggressively because insulin release from the pancreas and cellular sensitivity to insulin for glucose intake is
adversely affected by acidosis. Also, successful therapy depends in part upon the renal clearance of the organic acids and
this requires correction of acidemia, intravascular volume expansion to establish vigorous sodium and urine output, and
maintenance of urine pH greater than 7.5. During the rapid correction of acidemia serum potassium concentrations may
decrease. Potassium should be maintained 3.5 - 4.5 mEq/L to allow urine alkalization which can usually be accomplished
with 10-20 mEq/L KCL in the IV fluid.
DO NOT GIVE EPINEPHRINE OR GLUCAGON IN AN EFFORT TO RESTORE BLOOD SUGAR. THESE
DRUGS CAUSE RAPID INCREASES IN FREE FATTY ACIDS AND INSULIN RESISTANCE AND CAUSE
RAPID WORSENING OF THE METABOLIC ILLNESS. INTRALIPID SHOULD NOT BE GIVEN TO
PATIENTS WITH DEFECTS OF FATTY ACID OXIDATION. Fever, pain, hypotension, catecholamine pressors
(epinephrine, susprine, nor-epinephrine), infection, surgery, injuries, and fright are all stresses that induce catabolism and
insulin resistance and will lead to worsening metabolic illness in this patient. Careful attention to these factors during
therapy may make the difference between success and failure. There is no evidence that prophylaxis for cerebral edema by
measures aimed at decreasing intracranial pressure has a role in the management of these patients. In as much as such
measures interfere with the administration of adequate glucose and essential amino acids and cause pain, fright,
hypotension, hypothermia, or other forms of systemic stress for the patient, they are contraindicated.
OUT OF HOSPITAL SICK DAY MANAGEMENT OF MEDIUM CHAIN ACYL-COA DEHYDROGENASE
DEFICIENCY
MCADD is a disorder of fatty acid oxidation which prevents normal metabolic adaptation to fasts or
illnesses.
Problems that may lead to significant metabolic illnesses in children with MCADD and other disorders of fat
metabolism:
1. Fever - increases metabolic rate, increases rate of fatty acid release from fat stores, hepatic ketogenesis and fatty
acid uptake & use by muscle.
2. Painful infections - ear infections, sore throats, painful infections of the mouth or skin. Pain increases metabolic
rate, infections of the mouth and throat often decrease appetite and fluid intake.
3. Vomiting - prevents calorie and fluid intake and may be a sign of metabolic illness.
4. Diarrhea - causes dehydration, sodium and bicarbonate loss, and acidemia - all of which increase insulin
resistance and decrease the ability of the liver and kidney to remove abnormal metabolites (weak acids) from the blood.
5. Poor appetite - when the patient's hourly calorie intake falls below the basal metabolic rate of 10 Calories/hr,
<1/2 oz infant formula/hr. (55 Cal/kg-day) then adaptation to fasting begins and the body becomes increasingly dependent
upon fatty acids & ketones for energy.
6. In older patients, heavy activity or work associated with fatigue - activities such as running, swimming, bicycle
riding, or work that requires enough effort over a short period of time to cause shortness of breath, increased heart-rate,
and fatigue greatly increases hourly calorie requirements and unless sufficient dietary calories are available such heavy
exercise will lead to accelerated fasting and increased rates of catabolism.
When appetite is poor and the patient is ill then activity should be limited.
SPORTS – EXTREME ACTIVITIES, INCLUDING HOT AND COLD STRESS, LONG DISTANCE BIKING,
MARATHON RUNS, DESERT HIKING, COLD WATER SWIMMING, AND MOUNTAIN CLIMBING AT LOW
OXYGEN TENSIONOR SKING IN EXTREME COLD ALL CARRY RISKS OF METABOLIC ILLNESS.
The metabolic adaptations to sports and extreme activities involve depletion of stored glycogen and amino acids and
increased dependence upon fatty acid oxidation by skeletal muscles and heart. MCADD patient who undertakes these
activities should have an understanding of how to sustain adequate intakes of carbohydrate and protein as energy sources
to prevent exercise and stress induced metabolic illness. Patients and families should have a clear management plan to
support such activities safely and an Emergency Plan if exhaustion or metabolic intoxication become apparent. I AM
AWARE OF PATIENTS WHO HAVE RUN MARATHONS AND HAVE TAKEN PART IN SPORTS LIKE LACROSS
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THAT IMPOSE HIGH ENERGY DEMANDS BUT THESE ACTIVITIES MUST BE RECOGNIZED BY PATIENTS,
PARENTS, COACHES AND HEALTH CARE PROVIDERS AS “HIGH-RISK” ACTIVITIES.
The limits of exercise tolerance and the limits of fasting are no doubt individualized, affected by liver & muscle mass,
stored glycogen, and depend upon the demands of specific activities. Exercises that increase the rate of breathing and
fatigue muscle - riding a bicycle, climbing up a mountain with a 29-degree grade (the angle of repose), walking out of the
Grand Canyon – consume at least 5 calories/minute, 300 calories per hour, 1800 calories on a 6-hour difficult hike. These
caloric demands must be met by carbohydrate and protein intake because the natural adaptation to using fatty acids to
support such activities is limited. SNACKS THAT ARE HIGH IN CARBOHYDRATE CALORIES AND PROTEIN
CAN SUSTAIN SUCH ACITIVTIES BUT BEWARE OF EXHAUSTION, EXCESSIVE FATIGUE, EXTREME
MUSCLE FATIGUE, PAIN.
DO NOT WALK TO THE BOTTOM OF THE GRAND CANYON AND BACK IN ONE DAY…..ESPECIALLY IF
YOU HAVE MCADD.
THE “TOUR-DE-FRANCE,” EXTREME DAY-AFTER-DAY HIGH ENERGY DEMANDS AND WORK TO THE
POINT OF EXHAUSTION IS DANGEROUS……
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MCAD deficiency was in days before Expanded Newborn Screening and early diagnosis often mistaken for Reye
Syndrome because of fast & illness induced fatty livers and liver dysfunction, including hyper-ammonemia. As
shown in the slides above from fasted MCADD mice show the expected fat-laden liver but cardiac muscle and
skeletal muscle also show fatty changes AND muscle fiber degeneration. Presentations of MCADD as congestive
heart failure has been well described.
EXERCISE TO THE POINT OF EXHAUSTION IS MORE STRESSFUL THAN PROLONGED FASTING AND
WILL LIKELY BE ASSOCIATED WITH INCREASES IN CPK & ALDOLASE, SKELTETAL MUSCLE PAIN
AND WEAKNESS, AS WELL AS CARDIOMYOPATHY OR ARRYTHMIAS.
GENERAL TREATMENT GOALS FOR MCADD: Deterioration can occur rapidly in the final stage of metabolic
intoxication in children with MCADD, however, intoxication typically evolves more slowly - over a 12-48 hour period. If
the problems listed above are recognized early in the course of the illness and specific goals for caloric intake are met then
intoxication can usually be prevented. If the goals cannot be met and signs of illness progress then evaluation at the clinic
and/or hospitalization for management with intravenous glucose will be necessary.
1. Low daily caloric intake 30 Cal/kg-day. When ill or after immunizations he/she should be fed on a regular 3-4 hour
schedule.
2. Keep total fluid intake normal or high. Calculations of fluid intake should include liquid from foods with a high water
content such as apple sauce or soup.. Avoid water, tea, diet sodas and other low carbohydrate drinks especially if intake of
formula is poor. Gatorade, Pedialyte and other rehydration fluids are low in glucose, will not prevent catabolism, and
should not be given in place of high carbohydrate drinks & foods. However, polycose or other forms of sugar can be added
to these drinks - ~10-15 grams per 100 ml.
Vomiting and water and electrolyte losses because of high fever or diarrhea should be expected to increase caloric
requirements and make metabolic control more difficult. A weight loss of 3-5% should be considered dangerous
dehydration in a child with MCADD.
3. Fever increases metabolic rate. Treat fever with high doses of Tylenol 10 - 15 mg/kg every 4 hours, or Ibuprofen 10-15
mg/kg every 8 hours as needed to keep fever under 101. Do not give aspirin to children with MCADD or any other
metabolic disorder.
INDICATIONS FOR HOSPITALIZATION:
The earliest signs of metabolic illness are irritability, weakness, lethargy, sweating, and paleness. Ataxia, vomiting
and lethargy are important signs of neurological intoxication. Once signs of neurological illness develop, metabolic control
is poor, and central nervous system damage may progress rapidly. Poor caloric intake, especially when associated with
vomiting and dehydration (3-5% of normal body weight), will be associated with rapid increases in free fatty acid levels,
increased use of levels of abnormal fat oxidation products in the urine and blood and rapidly evolving intoxication.
1. Low total caloric intake, poor nursing or less than 1/2 prescribed calories /12 hrs.
2. Vomiting is the most important sign of serious illness especially when vomiting is associated with poor caloric
intake. Note common spitting with burps or coughs is not the same as forceful vomiting. ZOFRAN DOSE 8 MG SOLUTAB EVERY 6 HOURS.
Vomiting prevents calorie and fluid intake but is also a sign of metabolic illness. Increased concentrations of
glucagon and epinehrine cause nausea, vomiting and slow gastric emptying. These counter regulatory hormones increase
free fatty acid levels and ketogenesis leading in patients with MCADD to pathologic accumulation of fatty acids in liver,
muscle, and within endothelial cells of the blood-brain barrier. Lipid intoxication precedes hypoglycemia and likely
contributes to hepatopathy with failure of gluconeogenesis as well as poor CNS uptake of glucose with encephalopathy.
GLUCAGON AND EPINEPHRINE SHOULD NEVER BE GIVEN TO A HYPOGLYCEMIA PATIENT WITH
MCADD IN AN EFORT TO RESTORE BLOOD SUGAR. GIVE GLUCOSE!
IF AN IV CANNOT BE OBTAINED GIVE CONCENTRATED GLUCOSE ORALLY OR ENTERALLY VIA
G TUBE. THE AMOUNT OF GLUCOSE IN D10 RUNNING AT 6 ML/KG-HR IS VERY SMALL AND CAN BE
REPLACED READILY BY A PASTE MADE OF CONFECTIONER’S SUGAR, CORN SYRUP, MAPLE SYRUP,
KOOL-ADE OR ANY OTHER CONCENTRATED SOURCE CARBOHYDRATE. DESPITE VOMITING SUGARS
WILL BE ADEQUATELY ABSORBED FROM THE STOMACH & SMALL BOWEL.
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PATIENTS SHOULD NOT BE ALLOWED TO BECOME COMATOSE OR DIE WAITING FOR IV ACCESS
WHILE ORAL AND ENTERAL SUGAR SOLUTIONS ARE READILY AVAILABLE.
3. Hypoglycemia (blood sugar less than 60 mg/dl), acidemia (bicarbonate less than 20 mEq/l), increased
BUN/creatinine ratio or uric acid. These are signs of more severe intoxication.
HOSPITALIZATION
ADMISSION ORDERS SHOULD INCLUDE: Weight June 19 2017 on page 1 53 kg
1. Diagnosis: Medium Chain Acyl Dehydrogenase Deficiency
2. Condition: Guarded
3. Admission weight PAGE 1, Calculated Maintenance Fluid Rate, Calculated glucose infusion rate 6-8 mg/kg-minute. > p
(APPROXIMATELY 1.5 TIMES MAINTENANCE FLUID RATE USING A 10 GM/100 ML (D10% ELECTROLYTE
SOUTION)
4. Vital signs: Q1 hour until stable, then Q4 hours. Cardio-Respiratory Monitor.
5. Careful fluid intake and output records. Record urine output, specific gravity, pH and ketones with the first void.
Weights twice daily for 24 hours then daily.
6. Initial STAT Laboratories: Glucose, Na/K/Cl/TCO2, BUN/Cr and phosphorus
Other labs to assess metabolic injury of liver and muscle in patients who are severely ill: Liver function tests,
creatinine kinase, aldolase, and uric acid may also be useful to help assess the degree of intoxication. CBC with differential
and platelet count and a blood culture if clinically indicated.
7. Frequent blood test are usually not necessary in stable patients who are admitted before severe metabolic illness has
evolved. Repeat blood chemistries every 2-4 hours until HCO3>20 mEq/L, glucose 100-150, and potassium is 3.5-4.5
mEq/L. Note: It is unusual for the bicarbonate to be low in patients with MCADD. When TCO2 is low, the cause is more
likely dehydration or gastrointestinal loss than metabolic acidemia.
8. If the patient is unresponsive, blood glucose by CHEMSTRIP bGd-stix is less than 60 mg/dl, or if a high respiratory rate
suggests metabolic acidemia then immediately administer 0.5 gm/kg glucose.
9. IV FLUID ORDERS 0-1 hours: D 5-NORMAL-SALINE. Administer 10-20 ml/kg over 20-60 minutes and give Lcarnitine 50-100 mg/kg IV push then every 6 hours.
IV FLUID ORDERS 1-12 hours: D10%, glucose at an infusion rate of 8-10 mg/kg minute, 1.5-2 X maintenance, and
with appropriate electrolytes based upon serum chemistries, usually ½ normal saline + 20 mEq/L KCl.
NOTE: AFTER 12 HOURS, OR SOONER IF POSSIBLE, RE-INTRODUCE ORAL PROTEIN 1-2 GRAMS/KG –
DAY, OR, ADD AMINOSYN OR ANOTHER SOURCE OF INTRAVENOUS AMINO ACIDS 1-2 GRAMS/KG-DAY.
GLUCOSE ALONE IS NOT A SUFFICIENT SOURCE OF CITRIC ACID CYCLE INTERMEDIATES CITRATE, 2-KETOGLUTARIC ACID, SUCCINYL-COA, AND OXALOACETATE, - TO MAINTAIN NORMAL
MITOCHONDRIAL FUNCTION. PROLONGED AND HIGH RATES OF GLUCOSE INFUSION WILL INCREASE
INSULIN, SUPPRESS PLASMA AMINO ACIDS AND FREE FATTY ACIDS AND ULTIMATELY PRODUCE A
DIABETIC-LIKE CARDIOMYOPATHY BECAUSE OF MITOCHONDRIAL - CITRIC ACID CYCLE DYSFUNCTION. IN PATIENTS WITH MCADD RE-INTRODUCE A HIGH PROTEIN, HIGH CARBOHYDRATE.
AND LOW FAT DIET AS SOON AS POSSIBLE OR PROVIDE A GLUCOSE & AMINO ACID TPN SOLUTION
THAT CONTAINS TYPICAL ELECTROLYES, CALCIUM, PHOSPHOROUS, AND THE USUAL METABOLIC
COFACTORS.
DO NOT GIVE IV LIPIDS TO PATIENTS WITH FATTY ACID OXIDATION DEFECTS.
DO NOT GIVE MCT OIL (Medium Chain Triglyceride Oil) OR COCONUT OIL TO PATIENTS WITH
MCADD.....!
Monitor blood sugar after 1-2-hrs until it is stable 100-140 mg/dl at the infusion rate of 6-8 mg/kg-min dextrose.
Between 2-4 hours adjust electrolyte content of the IV to maintain normal Na, K+ & HCO3.
If there is a poor clinical response to IV glucose, insulin resistance, persistent metabolic acidemia, or unusual
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clinical or laboratory finding call one of the metabolic consults listed above as soon as possible.
Do not give catecholamine pressors (epinephrine, susprine, nor-epinephrine), glucagon, or hydrocortisone to
patients with MCADD.
10. The response of patients with MCADD to glucose infusion is usually rapid, but the IV must be weaned slowly after
adequate calorie (1.5 x BMR) and protein (1-2 gm/kg-day) intake by mouth is established, especially when the patient has
fever, anorexia, vomiting, or other signs of persistent illness.
I have encountered difficulty weaning patients from iv glucose when patients have very low blood carnitine levels
and L-carnitine is not given. FOR THIS REASON, hospitals where patients with MCADD are cared for should have
L-carnitine for IV use in the formulary, however, L-carnitine can be given po or pg if the iv preparation is not
available. I do recommend that MCAD patients take L-carnitine 40 mg/kg per day, divide into 4 doses, 10 mg/kg,
with meals and with a bedtime snack.

D Holmes Morton MD

July 25 2018
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