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ABSTRACT: An alcoholic man, treated with chloral hydrate (CH)
syrup to which he was dependent, was discovered comatose and in
respiratory arrest. Death occurred on the ninth day of hospitalization
following cerebral oedema. A woman, alcohol addicted, depressed,
and epileptic was admitted in the Intensive Care Unit with heart and
respiratory failure following CH absorption. She died three days
later after a deep coma.

In these two cases, CH intoxication was confirmed by toxicolog-
ical analysis: CH and its major metabolite, trichloroethanol (TCE),
were identified and determined in serum and urine using headspace-
capillary gas chromatography-mass spectrometry. The concentra-
tions measured were compared with those found in previously pub-
lished fatalities. The analytical method used can be proposed for
both clinical and forensic cases.
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Chloral hydrate (CH) (2,2,2,-trichloroethane-1,1-diol) is a seda-
tive hypnotic drug with a long history. Synthesized in 1832, CH has
been used widely since the end of the 19th century.

Its mechanism of action still remains unknown even if central
depression could be related to the high affinity of its metabolite,
2.2.2-trichloroethanol (TCE), for the nervous cells (1). Today, in
France, several specialities containing CH are still marketed. Some
are gargles, lotions, or solutions used as mouth bath owing to CH
analgesic and disinfectant properties. CH is also used in syrup
forms prescribed as sedatives in the elderly population, for short-
term sedation in children (during NMR imaging for example), as
well as in the treatment of alcoholism or strychnine poisoning
(2–4). A CH oral dose in adults ranges from 0.5 to 2.0 g and in chil-
dren from 25 to 50 mg/kg/day (maximum: 0.5 g) (1,5).

However, CH exhibits a significant risk of mutagenesis and car-
cinogenicity, which has already limited its therapeutic use (6). To-
day, French experts recommend that CH use should be banned.
Furthermore, the literature is fraught with voluntary or accidental

CH overdose reports owing to severe CNS depression, including
depression of respiratory and vasomotor centers (3,5,7–16). How-
ever, few cases illustrated by the results of toxicological analyses
have been reported (8,14–16).

This paper reports two fatalities after voluntary CH ingestion
documented by concentration data and underlines the interest of a
headspace (HS) technique coupled with gas chromatography-mass
spectrometry (GC/MS) for the determination of CH and TCE.

Case Histories

Case 1

A 30-year-old man, known for chronic alcoholism, was treated
with an antidepressant (paroxetine), a neuroleptic agent (amisul-
pride), and chloral hydrate syrup as a sedative. He presented de-
pendence symptoms to the last one. Following absorption of ap-
proximately 10 g of chloral hydrate (a 250 mL bottle, which was
five-fold the usual advised dosage), he was found comatose and in
respiratory arrest. On admission, he was in deep coma with myosis
and fetid diarrhea. Then he had fits, with an electroencephalogram
showing alternately paroxystic and depressed periods. Brain to-
mography showed diffuse cerebral oedema and ischaemic areas.
His state worsened within a few days. He died on Day 9.

Case 2

A 29-year-old, alcohol- and tobacco-addicted, depressed and
epileptic woman was treated with chloral hydrate syrup, antipsy-
chotic (alimemazine, mianserine), anxiolytic (meprobamate), and
antiepileptic (valproic acid) drugs. She was found in cardiac and
respiratory arrest following a seemingly voluntary massive absorp-
tion of chloral (unknown amount). After cardiac massage, she was
hospitalized in the Intensive Care Unit in a comatose state associ-
ated with myosis, metabolic acidosis, and depressed electroen-
cephalogram. Any nontoxicological cause could be eliminated by
physical, biological, and radiological examination. She died three
days later.

Serum and urine samples taken on admission of Cases 1 and 2
were sent to the toxicological laboratory for analysis.

Material and Methods

A large screening of drugs and toxicants in serum and urine was
performed using both high-performance liquid chromatography
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coupled to a diode array detector (HPLC-DAD) and gas chro-
matography-mass spectrometry (GC-MS). More selective analyses
for several classes of therapeutic drugs, drugs of abuse, alkaloid
poisons, mineral toxicants . . . were carried out with various ad-hoc
methods using HPLC-DAD, liquid chromatography-electrospray-
mass spectrometry (LC-ES-MS), and GC with various detection
modes. In particular, serum concentration of alimemazine and mi-
anserine was determined using gas chromatography with ther-
moionic detection, that of meprobamate using gas chromatogra-
phy-flame ionization detection, while serum valproic acid was
measured using a fluorescence polarization immunoassay on
AxSYM™ (Abbott Diagnostic).

Chloral hydrate (CH) and its major metabolite, trichloroethanol
(TCE), were identified and quantitated in serum and urine
using HS-GC/MS. Briefly, samples were prepared as follows: 500
�L of standard solution or biological material (urine or serum
sample), 1 mL of satured ammonium sulfate aqueous solution, 1
mL of sulfuric acid, and 100 �L of hydrochlorofluoromethan (in-
ternal standard) were successively introduced in a 20 mL vial,
which was rapidly sealed with a silicone septum and aluminum
cap.

Then, the vials were introduced in the head-space system
(Perkin-Elmer HS40XL) to undergo a step of volatilization of the
compounds of interest (90°C for 20 min) and a step of pressur-
ization (120°C for 1 min). The headspace gas was transferred
(temperature of the needle: 100°C) to a 5890 series II gas chro-
matographic system (Hewlett-Packard) with helium as carrier gas
at 1 kg/cm2. A 1/5 dilution was carried out in the split-splitless in-
jector heated at 120°C. Separation was performed on a 30 m by
0.32 mm ID SPB1 column (SUPELCO, Saint Quentin Fallavier,
France). The column temperature was set at 70°C for 30 s and
was then programmed up to 200°C at 25°C/min with a plateau
at this final temperature for 10 min. Identification of CH and
TCE was performed in the scan mode using a 5972 mass spec-
trometer (Hewlett-Packard), by comparison with mass spectra
and relative retention times obtained with reference compounds.
Retention times were 5.8, 8.3, and 10.3 min for internal standard,
CH, and TCE, respectively. Then, quantitation was performed
in the selected ion monitoring mode using m/z 82 as quantitation
and m/z 87 as confirmation ions for CH, m/z 31 and 49 for
TCE, and m/z 101 and 103 for trichlorofluoromethane, respec-
tively.

Results and Discussion

The analytical method reported herein yielded quantitation lim-
its (LOQ) of 100 and 500 �g/L for CH and TCE, respectively, and
was linear up to 50 mg/L for both.

The analytical techniques generally used for the diagnosis and
followup of such intoxications are the Fujiwara reaction and gas
chromatography. The Fujiwara method, generally used for qualita-
tive CH determination in emergency, is based on a nonspecific
chemical reaction that reveals the presence of chlorinated carbohy-
drates in high concentration (16). It is sometimes used associated
with a spectrophotometric detection for their quantitation (17). Gas
chromatography was preferably used for determining CH and its
metabolites in various biological matrices. The previously pub-
lished methods generally involved direct sample injection or
headspace injection and either flame ionization (18) or electron
capture detection (15,16,18). Some gas chromatographic methods
with direct sample injection and mass spectrometric detection were
also reported (8,20).

With the present method, CH and TCE were simultaneously de-
termined using headspace-capillary gas chromatography-mass
spectrometry, which is much more specific than the Fujiwara reac-
tion and makes it possible to formally identify the chlorinated car-
bohydrates detected. Headspace injection simplifies sample prepa-
ration and even allows the use of this GC/MS method in emergency
(the run-over time between sample reception and results being ap-
proximately 3 h).

The analytical findings in the two fatalities are presented in
Table 1. Although interpretation of the cause of death was based
mainly on TCE concentration, several other elements were consid-
ered. Readily absorbed from the gastrointestinal tract following
oral administration and distributed to all tissues, chloral is widely
metabolized in the liver by ADH (alcohol deshydrogenase)
(5,19,21). Thus, since blood ethanol was lower than 0.10 g/L in
both cases, there was no competition between the two substrates
(ethanol and chloral) and chloral was quickly converted into TCE
(its major active metabolite) in as much as both subjects were al-
coholic, i.e., likely to have enhanced ADH activity. In these condi-
tions, chloral is know to have a very short plasma half-life of 4 min
(1), which represents a worsening factor of intoxication since TCE
is considered responsible for the respiratory depression. Consis-
tently, chloral was found in urines at very weak concentrations but
was at concentration lower than the LOQ in serum.

In addition, various associated drugs were found in Case 2. Val-
proic acid, alimemazine, mianserine, and meprobamate were at
therapeutic serum concentrations. Nevertheless, all of them are
CNS depressants and may have CNS effects additive to those of
chloral hydrate (21). Moreover, Case 2 concerned an epileptic
woman and, as chloral hydrate and meprobamate are potential con-
vulsivants (21,22), they may have induced fits prior to other toxic
effects.

It is also interesting to note the concept of dependency to chloral
(according to the family) in Case 1. In fact, CH is a sedative and
hypnotic drug whose properties are comparable to those of barbi-
turates. It was shown (in vitro) that TCE presented a mode of ac-
tion close to that to barbiturates on GABAA receptors (2). In this
way, dependency and tolerance (or even withdrawal) can occur
with CH treatment and were previously reported as being a risk fac-
tor for overdosing (23).

Interpretation of TCE serum concentration is difficult as analyt-
ical data illustrating fatal or not fatal intoxications with chloral hy-
drate are sparse. Commonly, intoxication is quoted as “severe” if
TCE serum concentration exceeds 50 mg/L. A fatal intoxication

TABLE 1—Analytical findings in two cases of fatal intoxication with
chloral hydrate.

Chloral, TCE, Ethanol, Other 
mg/ L mg/ L g/ L Compounds

Case 1 0.3 (urine) 450 (urine) �0.1* none
�0.1 (serum) 57 (serum)

Case 2 0.5 (urine) 119 (urine) �0.1* valproic acid:
17.9 �g/L*

�0.1 (serum) 29 (serum) alimemazine:
52.2 �g/L*

mianserine:
77 �g/L*

meprobamate:
10.3 �g/L*

* Serum concentration.



was previously reported with a TCE concentration of 127 mg/L in
blood and 128 mg/L in urine (8), whereas a low postmortem con-
centration of TCE in blood (33 mg/L) was reported in another case
(16). The death of a two-year-old male child was attributed to a
combination of lidocaine, nitrous oxide and CH, with TCE con-
centration of 79 and 31 mg/L in plasma and urine, respectively
(14). Finally, an extraordinarily high blood TCE concentration
(1700 mg/L) was measured subsequently to a fatal overdose fol-
lowing absorption of CH as pure chemical (15).

The TCE serum concentration levels measured in Cases 1 and 2
(57 and 29 mg/L, respectively) appear to belong to the lowest lethal
range. However, the associated factors seen above (especially the
polymedication in Case 2) as well as the apparent pharmacokinetic
and pharmacodynamic variability of CH in humans advocate for
the responsibility of CH in these fatalities (1,3,5).

This large interindividual variability has also been previously
observed with respect to the lethal quantity of CH when orally in-
gested. It seems to be about 10 g on average, but this is dependent
on the rapidity and efficacy of medical support, as illustrated by a
recent case of voluntary ingestion of 70 g chloral hydrate by a 29-
year-old man that had a favorable issue (7).

In conclusion, these two fatal intoxication cases further point out
the danger of this drug still “naively” used as a sedative. The HS-
GC/MS method used is simple and reliable and can be proposed for
the diagnosis and followup of clinical intoxications, as well as to
document forensic cases. The concentrations reported herein can
help increase forensic interpretation databases.
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