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Abstract

We describe an unusual case of intentional intoxication through inhalational abuse of hairspray. On the scene,
paramedics found a haemodynamically stable but unconscious female surrounded by more than 100 cans of
hairspray. On arrival to the emergency department the patient had recovered consciousness, and was only mildly
confused. Blood samples showed severe metabolic acidosis with an increased anion gap and, deranged Urea,
Creatinine and Creatine phosphoKinase (CpK). The patient was then admitted to the high-dependency unit, while
simultaneously receiving intravenous hydration. The metabolic features improved over the next few hours, and renal
replacement therapy was not initiated. However the patient remained confused for a 24-hours period, in a
“hangover-like” state, despite the metabolic parameters returning to normal. Interestingly the toxicology screen on
admission subsequently showed high alcohol levels (206 mg/dl), despite no history of oral alcohol intake. The lady
was known to chronically abuse and inhale hairspray. The patient was discharged 4 days later with full recovery.

We explain the prolonged confusional state by the presence of relatively high alcohol levels, induced by the
inhaled hairspray. Polyanions (such as the acrylates contained in the hairspray) are well known to increase tissue
permeability, and are used as drug-carriers. In this case polyanion activity on airways mucosa favoured the
absorption of denatured alcohol, the main compound in the hairspray. Initially, the metabolism of polyanions
produces acids causing bicarbonate consumption and increased anion gap. However the short half-life of these

anions is typically associated with a fast recovery, with normal bicarbonate levels at 24-hours post-admission.
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Case Report

A 36 year-old Caucasian lady was found unresponsive by her sister,
who called an ambulance. On arrival, paramedics noted the patient
was surrounded by more than 100 cans of hairspray. On the scene
Glasgow Coma Score (GCS) was 10/15 (E;MsV3) and the following
vital signs were recorded: heart rate 63 beats per minute (sinus
rhythm), blood pressure 92/49 mmHg, temperature 359 degrees
Celsius and respiratory rate 24 breaths per minute. The family
confirmed she was known to buy ‘trolley-loads’ of hairspray, and that
she regularly inhaled it as a form of solvent abuse. There was no
history or signs of alcohol intake or medication overdose at the scene,
and the family confirmed she did not drink alcohol. There was a past
medical history of mild depression with poor compliance to the
psychiatric therapy, postural hypotension and gastro-oesophageal
reflux disease. Prescribed medications were fluoxetine and
lansoprazole, and temazepam as required.

On arrival at the Emergency Department (ED) no clinical signs of
cardiovascular or upper airway compromise (stridor or
bronchospasm) were detected. The chest radiograph and
electrocardiogram were normal. On physical examination there were
widespread residuals of hairspray involving about 33% of the total
body surface area (face, back, chest, abdomen and buttocks). The

plastic surgery team confirmed there were no burns, and hairspray
residuals easily came off once washed with warm water. The patient's
conscious level was improving at the time of ED admission, with only
mild confusion (GCS 14/15, E4M¢V,) and an abbreviated mental test
score was 4/10. The patient remained tachypnoeic but no other
significantly positive findings were detected in the physical
examination. Arterial blood gas analysis in the ED showed acute severe
metabolic acidosis, with only partial respiratory compensation, despite
a low value of PaCO, (Table 1). Full blood count analysis was normal.
Abnormal laboratory results were: raised CpK (549 IU/L) and CKMB
(19.7 TU/L), together with a finding of acute renal failure (Urea 17.6
mmol/l and Creatinine 266 pmol/l). Troponin I was negative on
admission and remained negative 8 hours later. The toxicology screen
showed blood alcohol levels of 206 mg/dl (the UK driving limit being
80 mg/dl), while paracetamol and salicylate levels were undetectable.
Urine toxicology screen was positive for benzodiazepines.

The patient was transferred to the High Dependency Unit (HDU)
for neurological observation and monitoring of renal function and
acid-base status, an infusion of 2 litres of Compound Sodium Lactate
(Hartmann’s solution) had already been administered. A Bicarbonate
infusion was considered, however there had already been an
improvement in the metabolic acidosis by the time of HDU arrival. No
bicarbonates or diuretics were given and fluid-therapy was continued
to maintain a diuresis of 1-2 ml/kg/h, in order to facilitate toxin
washout. Eighteen hours after admission the metabolic acidosis had
completely resolved, and a mild respiratory alkalosis was recorded at
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last arterial gas analysis prior to ward discharge (Table 1). Four days
after admission the patient was discharged home, follow-up having
been arranged with the psychiatrist. Creatinine and Urea levels were
within the normal range at discharge.

of the constituent components of hairspray (Figure 1). In particular we
focused primarily on the mechanisms of renal and central nervous
system impairment, and then also on possible sources for muscular or
myocardial dysfunction.

Time Time 0 1 hours post| 8 hours post| 18 hours post
. .| admission admission admission
(Arrival in
ED) (Transfer to (Discharge to
HDU) the ward)

pH 7.205 7.31 7.41 7.51

PaCO, 3.42 2.79 2.21 4.1

(KPa)

HCO3- 7.2 10.2 10.2 246

mmol/l

Na* mmol/l | 143 141 136 137

K* mmol/l 3.9 35 4.2 34

CImmol/l 107 103 103 102

lactate 2.6 24 1.0 0.8

mmol/l

glucose 6.8 4.7 4.1 7.4

mmol/l

anion-gap | 32.7 31.6 26.9 13.8

mmol/l

Table 1: The most significant arterial blood gases are reported.
Hospital admission is considered time 0. The transfer to the High
Dependency Unit happened 2 hours after hospital arrival.

Discussion

Overdoses account for 5% to 10% of ED admissions in the United
Kingdom where the rate of self-poisoning is amongst the highest in
Europe, paracetamol being the commonest cause [1]. Hairspray and
other constituent products are used by hairdressers, as well as the
general public, but are not a common cause of intentional poisoning.

We examined the literature in order to identify studies and case
reports on professional and accidental exposure to the compounds
contained in these products. The side effects of hair dyes and hairspray
have been previously investigated for those with occupational
exposure. Among them, risk of cancer [2-4], female reproductive
complications [5], dermatitis and respiratory asthmatic/obstructive
disease [6-8] have been particularly screened for.

In the current literature we found only one case report of acute
poisoning through intentional ingestion of hair product, in a suicide
attempt [9]. In this particular case the clinical picture evolved with
worsening renal function due to sodium bromate poisoning, and one
week later the patient became anuric and required 5 days of
haemodialysis before full recovery.

To the best of our knowledge, this is the first report on intoxication
by intentional inhalation of hairspray. The mechanism of intoxication
is quite unusual resulting in high serum levels of alcohol and acidosis
with increased anion gap, but without evidence of acute alcohol
ingestion.

Exploring the possible toxicological mechanisms involved in this
case, we reviewed the literature for systemic and single organ toxicity
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Figure 1: The hairspray taken by the patient in this case report
contains the following: Alcohol Denat, Dimethy ether, Acrylates/ t-
butylacrylamide, copolymer, cyclopentasiloxane, PEG/PPG-17/18,
Dimethicone, Aminomethyl propanol, Polysilicone-8, Dimethicone
copolyol, Limonene, Linalol, Benzyl salicylate, benzyl benzoate,
Alpha-isomethyl iodine, Butylphenyl, Methylpropanol, Parfum,
Fragrance. (F.IL. C15050/2).

We postulate that the relatively prolonged confusional state, seen in
this case, was due primarily to the high blood alcohol levels in
combination with benzodiazepines (urine toxicology screen was
positive and the patient was known to take temazepam). The patient,
family and the general practitioner subsequently confirmed that the
patient had no history of alcohol or substance misuse, and it was noted
that there was no evidence of alcohol at the scene.

In the absence of ingestion, we explain the high blood alcohol levels
as follows. The hairspray contained acrylates (polyanions), known to
enhance the permeability of different mucosae (i.e. nasal, buccal and
ocular) [10-12]. These polyanions possess a high muco-adhesiveness
and improve the bioavailability of several drugs, when topically
applied. These substances act by modifying the trans epithelial
electrical resistance, and thus cause a reversible opening of the
intercellular tight junctions [13]. Subsequent to inhaling multiple
hairspray cans, the patient’s upper airways mucosa was exposed to a
significant load of these polyanions thus increasing mucosal
permeability. This in turn favoured the absorption of the alcohol
contained in the hairspray itself, as the principal constituent.

Subsequently, these polyanions are rapidly absorbed, metabolized
and eliminated as acids and alcohols [14,15]. An experimental study
by Kutzman et al. has shown a half-life for elimination of acrylic acid
in the order of 20-40 minutes in animals [15]. The primary
detoxification of these compounds, results in the release of acrylic acid
and the corresponding alcohol [16]. In the case presented it is likely
that production of acrylic acid caused bicarbonate consumption, and
consequently induced an increased anion gap. The rapid turnover of
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these polyanions can explain the quick metabolic improvement seen
with normalisation of blood pH, bicarbonate and anion gap at 18
hours post admission. We think the metabolic findings observed are
less likely to have been alcohol-induced renal impairment, as this is
usually followed by a normal anion gap and less severe acidosis [17].

Another finding was the deranged CpK levels. We feel this is likely
consequent to muscle breakdown and dehydration, which could
potentially have had a complementary role in the renal impairment in
addition. It could be speculated that activity of acrylates in chelating
Ca®* [18], and hence causing biochemical muscular impairment, may
have played a role in the abnormal CpK levels. Troponin I analyses
were negative and the CK-MB isoform was only 3.6% of the total CpK,
hence a cardiac event can be excluded. In addition in the ED and HDU
the patient’s rhythm, monitored with continuous ECG, displayed no
abnormalities. An underlying cardiovascular mechanism is unlikely to
have led to this patient’s collapse.

In relation to further explaining the clinical presentation, this lady
was known to chronically abuse and inhale hairspray. Animal data has
previously shown that alcohol dependence and high blood alcohol
levels can be produced, by exposure to an ethanol-enriched
atmosphere (by vaporizing ethanol) [19]. We postulate a similar
mechanism, coupled with a psychiatric background, determined the
attitude of this lady to chronically inhale hairspray.

Four months later the patient was readmitted to the ED with an
acute onset of abdominal pain, the family again confirmed she was
continuing to inhale hairspray. Patients with chronic exposure to
solvents could also be at risk of accumulation of lead in the
bloodstream, increasing the risk of bone marrow and renal toxicity
[20]. In examining whether this might have been a possible
mechanism for the clinical status of the patient in the case presented, it
was noted that full blood count and biochemistry did not show any
abnormality. Normal results were also found retrospectively from
previous hospital admissions. These findings, together with the full
and rapid recovery of kidney function during the case described, make
chronic heavy metal poisoning less likely in this patient. Advice to
repeat full blood count, biochemistry and serum lead in 6-12 months’
time was given to the lady.

Conclusion

This case is an unusual case of acute intentional intoxication
through inhalational abuse of hairspray. We conclude that the ability
of acrylates to enhance upper airway mucosal permeability facilitated
alcohol absorption and high blood alcohol levels in this patient, in the
context of no history of alcohol ingestion. Solvent exposure should be
considered, when high blood alcohol levels are detected without
history or suspicion of ingestion.

In this case, the load of polyanions absorbed led also to an abrupt
bicarbonate consumption and thus to a severe metabolic acidosis with
increased anion gap. The relatively fast metabolism and elimination of
these substances, augmented by an aggressive hydration, determined a
rapidly improving clinical picture with normal bicarbonate levels
within 18 hours of hospital admission.
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