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Abstract Objective: To report on
the recurrent release of charcoal from
an intrapulmonary cavern in a case of
acute respiratory failure after charcoal
aspiration. Design: Case report.
Setting: Anaesthesiological ICU,
university hospital. Patient: An
18-year-old ethanol intoxicated
comatose patient regurgitated and
aspirated activated charcoal

during orotracheal intubation.
Treatment: After 2 days of
mechanical ventilation, the patient
was transferred to a tertiary care
university hospital. On admission,
acute respiratory distress syndrome
with bilateral pulmonary infiltrations
was diagnosed. The patient’s
recovery was hampered by recurrent
release of charcoal from an
intrapulmonary cavern. Sophisticated
ventilatory support, prone
positioning, secretolytics, repetitive
bronchoscopy, and antibiotic therapy
may have facilitated bronchoalveolar
clearance and weaning after 18 days.
Conclusion: Aspiration may be a
dramatic complication if charcoal is
administered in comatose patients
without airway protection. In this
case report, advanced intensive care

measures were necessary to tackle the
special feature of charcoal release
from an intrapulmonary cavern.

Keywords Activated charcoal -
Acute respiratory distress syndrome -
Acute respiratory failure -
Aspiration - Cavern

Case

A physician-staffed emergency med-
ical service team was called to treat
an 18-year-old (190 cm, 75 kg) male
patient who had ingested 0.75 1 of
vodka (270 g of ethanol, ethanol
concentration in blood 3.2%0) and
presented with Glasgow Coma Scale
3. Suspecting acute ethanol intoxica-
tion, the emergency physician placed
a gastric tube and applied an
unknown dose of activated charcoal.
During subsequent endotracheal
intubation, inadvertent regurgitation
and aspiration of charcoal occurred.
The patient was mechanically venti-
lated and transferred to a primary care
hospital.

Case discussion

Activated charcoal should only be
considered if a patient has ingested a
toxic dose of a drug known to be
adsorbed to charcoal [1, 2], e.g., car-
bamazepine, dapsone, phenobarbital,
quinine, theophylline [3, 4], or
citalopram [5] among others. Due to
its high microporosity, activated
charcoal has an exceptionally high
surface area (>500 m?/ g) and binds to
the toxin and respective metabolites
to prevent gastrointestinal absorption
and/or interrupt the enterohepatic
cycle. However, activated charcoal
does not bind significantly to alco-
hols, glycols, ammonia, strong acids
and bases, metals and most inorganics
[6]. It is contraindicated after acid,
alkali, or petroleum ingestion. Since
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misadventures with activated char-
coal do mostly result from
unprotected airways, excessive char-
coal doses, and inappropriate aqueous
dilution, therapy should strictly
adhere to predefined safety recom-
mendations [7].

Case

The patient developed acute respira-
tory distress syndrome and was
transferred to our tertiary care
university medical center on day 2
after aspiration in the following
condition: mechanical ventilation via
an orotracheal size 8.5-mm cuffed
tube, peak inspiratory pressure (PIP)
22 cmH,O0, positive end-expiratory
pressure (PEEP) 14 cmH,O, I/E ratio
1:2, respiratory rate 16/min, respira-
tory minute volume 8 l/min, P,0,/
F,0, 200 mmHg, P,CO, 59 mmHg,
base excess 5 mmol/l, arterial pH
7.34, cardiac index 5.9 1/(min m?).
Chest X-ray (Fig. 1) and thoracic CT
scan (Fig. 2) revealed extensive
bilateral pulmonary infiltrations,
atelectases, diffuse alveolar damage,
and mediastinal, dermal and soft
tissue emphysema stretching out
from the patient’s neck to his scro-
tum. In the lower left lobe a cavern
of 107 x 42 x 85 mm containing an
air—fluid level was noticed. Since the
cavern was present on the day of
admission, it is conceivable that it
was pre-existent rather than formed
by de novo genesis. Alpha,;-
antitrypsin plasma concentrations
(258 mg/dl) were within normal
limits. During bronchoscopy, the
tracheobronchial systems appeared
entirely coated with charcoal, and
highly viscous bronchial secretions
clogged the suction channel of the
bronchoscope repeatedly. At this
point, it was impossible to judge on
the integrity of the tracheobronchial
mucosa. A tracheal lesion could
neither be confirmed, nor be ruled
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Fig. 1 Chest X-ray (p.a. axis) on the day of
admission after acute charcoal aspiration.
Note ubiquitous pulmonary infiltrations, a
large cavern projecting on the left lower
lung lobe (arrows), and thoracic scoliosis

out as a potential origin of the soft
tissue emphysema.

Case discussion

Although activated charcoal is an
inert substance, aspiration of charcoal
is associated with pulmonary com-
promise due to increased
microvascular permeability [8] with
concomitant lung edema, surfactant
depletion, atelectasis, and non-spe-
cific airway inflammation nurturing
obliterative bronchiolitis [9, 10]. In
addition, aspiration pneumonia is
associated with increased ICU and
total in-hospital stay [11]. Treatment
of charcoal aspiration should include
immediate intubation, mechanical
ventilation with PEEP, and tracheal
suctioning [12—-15]; bronchodilators
such as salbutamol may enhance
mucociliary clearance and alveolar
epithelial repair [16-18]. However, in
the present case we were alarmed by
the existence of a cavern in which
charcoal was stored and recurrently
released yielding a high viscosity
bronchial secretion. Hence, we

reckoned with prolonged pulmonary
compromise with a high risk of per-
sistent deterioration and the
development of obliterative
bronchiolitis.

Case

Pulmonary gas exchange deteriorated
substantially within a few hours after
admission. Peak inspiratory pressure
was raised to 29 cmH,0O, and PEEP
to 20 cmH,O0 in a pressure-controlled
biphasic positive airway pressure
(BIPAP) ventilator mode: I/E ratio
1:2, respiratory rate 17/min, respira-
tory minute volume 10 I/min. This
yielded a P,0,/F;O, of 145 mmHg,
P,CO,; of 59 mmHg, base excess of

6.6 mmol/l, and arterial pH of 7.36 at
12 h after admission.

We performed percutaneous dila-
tive tracheostomy (tracheal tube size
9.0 mm) on the day of admission.
During daytime, sedation was
reduced [Richmond Agitation Seda-
tion Scale (RASS) between 0 and —2]
to permit assisted spontaneous
breathing (BIPAP-ASB, spontaneous
respiratory rate 12—17/min), to pro-
mote mucosal clearance and
encourage voluntary expectoration in
the conscious patient. Prone posi-
tioning [19] with pressure-controlled
ventilation was carried out in the
analgosedated patient every night
(RASS —4 or —5). This was com-
bined with abundant use of inhaled
salbutamol and secretolytics, and
daily bronchoscopic suctioning (for

Fig. 2 High-resolution thoracic CT scan on admission after acute charcoal aspiration. Two
CT slices demonstrating diffuse pulmonary infiltrations and dorsobasal atelectases
(arrows), mediastinal and soft tissue emphysema (dotted arrows), funnel chest, and a
cavern (circle) of 107 x 42 x 85 mm in size (largest diameters) with a visible air-liquid
level. Bronchoscopy verified that the cavern served as an intrapulmonary charcoal
depository recurrently releasing its contents into the bronchoalveolar system, prolonging
the exposure of bronchial mucosa to activated charcoal
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Fig. 3 Biopsy of bronchial mucosa demonstrating charcoal
deposition. a Low power view of inflamed bronchial mucosa with
deposition of finely dispersed charcoal fragments (arrows). Note
mucosal covering by metaplastic squamous epithelium. b Medium
power view of mucosal stroma with fibroblastic and vessel

8 days). Calculated antibiotic treat-
ment was initiated on the day of
admission and was switched once, as
fever and plasma C-reactive protein
(19 mg/dl) peaked on day 4 and
declined successively thereafter.
Repetitive microbiological evalua-
tions of bronchial secretions, serum,
urine and blood cultures were nega-
tive. Soft tissue emphysema regressed
rapidly. Peak inspiratory pressure and
PEEP were reduced as pulmonary gas
exchange improved. A biopsy of the
bronchial mucosa taken during bron-
choscopy displayed dispersed
charcoal deposition, vascular and
fibroblastic proliferations and a dense
inflammatory infiltrate (Fig. 3), com-
patible with severe organizing
bronchitis. As of day 12, the patient
was breathing via a T-tube for several
hours a day, and was finally weaned
on day 18. Contrast media bronchos-
copy on day 20 located the cavern in
segment 10 of the left lung and
proved communication with the air-
way tract, supporting the notion of a
charcoal depository. The patient
continued to perform respiratory
exercise and physiotherapy, was dis-
charged on day 27 to a rehabilitation
center, and made a good recovery
thereafter.

Case discussion

We present a case of prolonged
exposure of the bronchoalveolar sys-
tem to aspirated charcoal, which was

recurrently released from an intra-
pulmonary cavern, resulting in acute
respiratory distress syndrome with
histological signs of organizing
bronchitis. Specific treatment aimed
at promoting bronchoalveolar muco-
sal clearance in the face of recurrent
charcoal exposure and included

e assisted spontaneous breathing,

e pressure-controlled ventilation with
prone positioning at night,

¢ inhaled salbutamol and
secretolytics,

e regular bronchoscopic suctioning,

e and calculated antibiotic therapy.

This case recalls that activated
charcoal is not indicated to treat acute
ethanol intoxication and must be used
judiciously with adherence to specific
safety measures.
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