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Endogenous De Novo Synthesis of Isopropanol Following
Severe Non-Diabetic Ketoacidosis in a Patient With
Duchenne Muscular Dystrophy
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Abstract

In Duchenne muscular dystrophy (DMD), patients seem prone to
severe metabolic acidosis following excessive bicarbonate loss due
to laxative use or gastrointestinal disorders. In addition, hypoalimen-
tation and fasting can cause life-threatening non-diabetic ketoaci-
doses with acetonemia in these patients. Isopropanolemia instead is
predominantly found following intoxication. Only few reports exist
describing isopropanolemia in diabetic or alcoholic ketoacidosis.
Here, we report on a patient suffering from DMD who developed life-
threatening non-diabetic ketoacidosis, acetonemia, and endogenous
de novo synthesis of isopropanol following glucose fasting. We hy-
pothesize isopropanolemia being a byproduct of acetone metabolism,
possibly in association with a metabolic predisposition in patients
with DMD such as an altered NADH/NAD" ratio leading to a reduc-
tion from acetone to isopropyl alcohol whilst in severe ketoacidosis.
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Introduction

Survival and quality of life in patients with Duchenne mus-
cular dystrophy (DMD) have significantly improved over the
past years. Besides typical disease-related symptoms and com-
plications, DMD patients appear in emergency departments
presenting novel symptoms and complications. Here, we re-
port on a life-threatening metabolic ketoacidosis in a DMD
patient with severe ketonemia, acetonemia, and, surprisingly,
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isopropanolemia. Severe metabolic acidosis in adult patients
with DMD is rare. It is mainly associated with respiratory or
abdominal infections as well as to insufficient caloric intake [1-
3], as it is in our case description. In general, isopropanolemia
is only detected when isopropanol is orally ingested, inhaled,
or transdermally absorbed. Besides intoxication, only diabetic
ketoacidoses or chronic alcoholism are metabolic conditions
in which elevated serum levels of isopropyl alcohol have been
reported to date. Both known metabolic conditions and intoxi-
cation could be excluded. DMD seems to provide a third meta-
bolic environment in which isopropanol may be endogenously
produced on a non-diabetic and non-alcoholic basis.

Case Report
Investigations

A 21-year-old man with known DMD was transferred to the in-
tensive care unit of our university hospital. He had a medical his-
tory of community-acquired pneumonia, which had been treated
for 7 days with amoxicillin and clavulanic acid. On admission, he
was massively hyperventilating and presented a sinus tachycardia
of 150/min with a blood pressure of 120/62 mm Hg. Body tem-
perature was 34.8 °C. The patient’s general health-related quality
of life was limited by pronounced reduced mobility and the neces-
sity of nocturnal bilevel ventilation. Under antimicrobial therapy,
dyspnea did not recede, so he used his home ventilation device
permanently without medical supervision. Due to reduced appe-
tite and continuous mechanical ventilation, there was no caloric or
fluid intake. Neither emesis nor diarrhea had been reported.

Diagnosis

Blood gas analysis revealed severe metabolic acidosis with pH
of 6.9 (normal range 7.35 -7.45), massively decreased bicarbo-
nate levels of 2.2 mmol/L (normal range 22 - 26 mmol/L), and
an arterial carbon dioxide partial pressure of 9.3 mm Hg (normal
range 35 - 45 mm Hg) in the context of respiratory compensa-
tion. Interestingly, lactate levels were normal with 0.7 mmol/L
(normal range < 2 mmol/L), but anion gap was elevated at 27
mmol/L (normal range < 10 mmol/L). Potassium levels were
elevated to 5.5 mmol/L (normal range 3.5 - 4.5 mmol/L) due to
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the acidosis, sodium was normal, and chloride was elevated to
116 mmol/L (normal range 98 - 108 mmol/L) in the context of
hyperchloremic acidosis. Diabetes had not been reported previ-
ously, and blood glucose concentration and HbA 1¢ values were
normal (6.2 and 30.2 mmol/L, respectively).

As the anion gap was elevated at 27 mmol/L, blood ketone
concentrations were measured and found to be highly elevat-
ed at 6.8 mmol/L (normal range < 0.6 mmol/L) leading to the
diagnosis of severe ketoacidosis. Urine microscopy ruled out
crystalluria. A screening for methanol, salicylates, acetone, iso-
propyl alcohol, and ethylene glycol revealed highly increased
acetone levels at a concentration of 373 mg/L (normal range <
6 mg/L) in consistency with hyperketonemia. Surprisingly, also
isopropanol serum levels were highly elevated with 114 mg/
dL (normal range < 5 mg/dL) whereat any exposure anamnesis
(both patient and his parents) was plausibly negative. Toxico-
logical analyses of urine and serum did not detect further toxins.

Treatment

Besides dyspneic agitation, the mental status was only slightly
impaired. We used intermittent non-invasive mechanical ven-
tilation to support the severe diaphragm dysfunction, infused
balanced crystalloids and substituted sodium bicarbonate to
reduce the respiratory drive. Heart rate, pH, PaCO, and HCO,
were thereby corrected.

The desiccated patient presented an acute kidney injury
(AKI) with serum creatinine levels 14 times over his baseline.
Due to his highly reduced muscular mass, his baseline cre-
atinine was 0.06 mg/dL, and maximum serum creatinine was
0.83 mg/dL. Blood urea nitrogen was highly elevated to 37.86
mmol/L (normal range 3.2 - 7.3 mmol/L). Serum osmolality
was elevated at 346 mOsmol/kg. Upon treatment using bal-
anced crystalloids renal retention parameters declined rapidly,
diuresis increased, and serum sodium and serum osmolality
ameliorated guardedly within several days.

Few reports exist describing DMD patients suffering from
ketoacidosis after severe undernourishment with complete re-
covery following glucose infusion [1, 2]. Hence, we initiated
low-level parenteral nutrition at 14 kcal/kg body weight/24 h
with intravenous glucose infusion at 7 kcal/kg body weight/24
h. This rapidly resolved the fasting state, and ketone levels de-
creased to 4.4 mmol/L within 12 h and to 1.4 mmol/L after 24
h, respectively.

Following the prehospital antibacterial therapy using
amoxicillin/clavulanic acid C-reactive protein was measured
at 89.4 mg/L (normal range < 5 mg/L), and leukocytes was
at 12.260/uL. Antibiotic therapy was switched to intravenous
piperacillin/tazobactam and ciprofloxacin. Leukocytosis and
C-reactive protein normalized rapidly. Ciprofloxacin was
withdrawn at day 3, piperacillin/tazobactam at day 6.

Serum phosphate levels decreased rapidly due to a refeed-
ing syndrome. Phosphate was substituted and caloric intake
was restricted to 7 kcal/kg body weight/24 h. Caloric incre-
ment was deliberately performed with 2 kcal’kg body weight/
day. Already at 11 kcal/kg body weight/24 h serum phosphate
levels re-declined and caloric intake was re-restricted. In the
course of several days caloric intake was raised to 21 kcal/kg
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body weight/24 h, and the patient could be moved to a regular
ward for further therapy. Development of refeeding syndrome
despite of restricted caloric intake suggested a chronic and pre-
existing malnourished lifestyle before the onset of pneumonia.
At this point gastrostomy was discussed but declined by the
patient. Shortly thereafter, he was discharged from hospital.

Follow-up and outcomes

After several weeks relapse of the metabolic acidosis occurred
based on pneumonia with pulmonal detection of respiratory syn-
cytial virus and consecutive bacterial superinfection. After admis-
sion to the regular ward of our hospital, clinical stabilization and
controlled caloric intake the patient obtained an operative gastros-
tomy to prevent periods of severe hypoalimentation while depend-
ent on intensified bilevel ventilation. One year after final discharge
the patient lived in comfort at home and pursued his profession.

Discussion

Here, we present a case of severe ketoacidosis with endoge-
nous isopropanolemia in a patient without preexisting diabetes
type 1 or 2, chronic alcohol ingestion, or intoxication but in
association with DMD.

Severe non-diabetic ketoacidosis in patients suffering from
DMD is a rare event [1-3]. To our knowledge, only very few
reports exist describing ketoacidoses in DMD patients, whereat
most of these cases present metabolic ketoacidosis following in-
testinal disorders such as acute megacolon, acute cholecystitis,
or viral gastroenteritis with consecutive bicarbonate loss due to
diarrhea, or laxative use, respectively [1-3]. In total, seven cases
were presented in which hypoalimentation seems to be the main
cause for metabolic acidosis, since starvation and katabolic me-
tabolism due to acute infectious diseases predispose to ketoaci-
dosis [1-3]. Most patients in the reviewed literature were treated
with glucose infusion, partly in combination with insulin. Retro-
spectively, as other authors mentioned in their reports, glucose
substitution without insulin might have been sufficient in these
patients. We initiated cautious glucose substitution as described
above but had to add insulin per perfusorem for 15 h in order to
keep blood glucose levels below 180 mg/dL.

Isopropanolemia is generally linked to poisoning by
transdermal absorption, inhalation, or ingestion [4, 5]. Besides
intoxication only few reports exist describing isopropanolemia
in diabetic ketoacidosis [6-8]. In addition, Lewis et al [9] and
Davis et al [10] detected acetone and isopropanol in the blood
of autopsy patients not previously exposed to isopropanol.
Robertson et al found isopropanol in acetonemic cows [11].
Albeit isopropanol is regularly examined in patients suffering
from severe metabolic acidosis with elevated anion gap at our
intensive care unit, it has never been detected in our patients.

Usually, ingested isopropanol is rapidly metabolized to ac-
etone via alcohol dehydrogenase (ADH) as well as renally ex-
creted. Acetone is then excreted by kidneys and lungs (Fig. 1a).
In this case description, decreased caloric intake led to ketoaci-
dosis [1, 2]. In ketoacidotic patients with DMD, glucose utiliza-
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Figure 1. (a) The equilibrium of a redox reaction between isopropyl alcohol and acetone in dependency of NADH and NAD* is
shown. Isopropyl alcohol and acetone are both renally excreted and exhaled by the lungs. Adapted from Jones and Summers
[6]. (b) In severe ketoacidosis concentrations of acetone and protons are highly elevated (indicated by increased size). In addi-
tion, NADH levels are high as well. The redox reaction predominantly takes place in a reversed manner leading to endogenous
de novo reduction of acetone to isopropyl alcohol up to toxic concentrations. Acute kidney injury reduces renal clearance. Dia-
phragm dysfunction in DMD patients reduces pulmonal clearance. NADH: reduced nicotinamide adenine dinucleotide; DMD:

Duchenne muscular dystrophy;

tion seems highly disordered as intravenous glucose adminis-
tration is the sufficient therapy. Instead of glucose metabolism
energy supply is provided by extensive fatty acid oxygenation.
Thereby, ketone bodies as acetoacetate, acetone, and 3-hydroxy-
butyrate are produced, and reduced nicotinamide adenine dinu-
cleotide (NADH) is generated. Subsequently, severe acidosis,
hyperketonemia, and high NADH levels reverse the ADH redox
reaction towards the de novo production of isopropyl alcohol
by reduction of acetone. In addition, AKI contributes to meta-
bolic acidosis and leads to a decreased renal clearance of isopro-
pyl alcohol and acetone, respectively. Furthermore, diaphragm
dysfunction of the exhausted DMD patient impedes effective
pulmonal clearance of isopropyl alcohol and acetone. Thus,
isopropanol up to toxic blood concentrations can be found in
fasting DMD patients (Fig. 1b). Petersen et al [12] detected iso-
propanol in 260 postmortem analyses with diabetic or alcoholic
ketoacidosis or with isopropanol intoxication. Compared with
their data, our finding of 114 mg/dL isopropanol is exceptionally
elevated compared to non-DMD patients.

Furthermore, in patients with type 1 diabetes elevated
NADH/NAD" ratios exist favoring the transition from acetone to
isopropyl alcohol. In the presence of ADH, acetone was shown
to convert to isopropyl alcohol when NADH levels are high [10].
In addition to diabetic ketoacidosis, only chronic alcoholism is
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so far known to show high NADH concentrations as an educt of
ethanol metabolism [13]. Although mitochondrial dysfunction is
well documented in DMD, elevated NADH levels have not been
reported to date in DMD, whereat histological analyses with
NADH stains show non-specific myofibrillar alterations. Besides
diabetes mellitus and chronic alcoholism, we propose patients
suffering from DMD to be the third group prone to endogenously
produced isopropanol whilst in severe ketoacidosis. It would be
interesting to investigate whether altered NADH/NAD™ ratios in
addition to high proton concentration and ketonemia drive the
ADH in DMD patients to generate isopropanol up to toxic blood
levels. In addition, detection of beta hydroxybutyrate may help to
decipher endogenous de novo synthesis from intoxication [14].

Learning points

Patients with DMD admitted to hospitals may present severe
metabolic acidosis. In addition to regular differential diagno-
ses metabolic acidosis following hypoalimentation should be
taken into consideration. Causal therapy using glucose infu-
sion is rather facile and may be rapidly started in emergency
rooms in order to prevent deterioration of metabolic acidosis
with production of isopropyl alcohol and consecutive neuro-
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logic symptoms following endogenous intoxication. In addi-
tion, AKI may be masked by overestimated glomerular filtra-
tion rates due to the commonly reduced muscular mass which,
in turn, impedes renal elimination of isopropyl alcohol.
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