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CASE REPORT

David L. Burrows,1 M.S.; Andrea Nicolaides,2 B.S.; Gretel C. Stephens,3 M.D.;
and Kenneth E. Ferslew,4 Ph.D.

The Distribution of Sevoflurane in a Sevoflurane
Induced Death

ABSTRACT: The distribution of sevoflurane (fluoromethyl 2,2,2,-trifluoro-1-(trifluoromethyl) ethyl ether) in blood, urine, liver, kidney, vitreous
humor, and tracheal aspirate is presented from a subject with a sevoflurane induced death. Sevoflurane is a nonflammable general anesthetic
administered by inhalation of vaporized liquid. Although general inhalation anesthetics have the potential to be fatal if not properly administered, the
incidence of abuse is minute in comparison to other illicit drugs (1). Currently, there are no citations in the literature defining the body distribution of
sevoflurane in a sevoflurane induced death. The decedent was found lying in a bed with an oxygen mask containing a gauze pad secured to his face.
Three empty bottles and one partially full bottle of UltaneTM (sevoflurane) were found with the body in addition to two pill boxes containing a variety
of prescription and non-prescription drugs. Serum, urine and gastric contents from the deceased were screened for numerous drugs and metabolites
using a combination of thin layer chromatographic, colorimetric and immunoassay techniques. Analysis of biological specimens from the deceased
revealed the presence of: amphetamine, caffeine, pseudoephedrine, nicotine, nicotine metabolite, and valproic acid. Sevoflurane concentrations were
determined by headspace gas chromatography with flame ionization detection and revealed concentrations of 26.2 µg/mL in the blood, 105 µg/mL
in the urine, 31.9 µg/mL in the tracheal aspirate, 86.7 µg/mL in the vitreous humor, 30.8 mg/kg in the liver, and 12.8 mg/kg in the kidney. The
decedent had pathologies consistent with respiratory suppression including pulmonary atelectasis, pulmonary edema, and neck vein distention. The
official cause of death was respiratory suppression by sevoflurane and the manner of death was unclear.
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Sevoflurane (Ultane R©) is a liquid anesthetic indicated for general
anesthesia and is part of the “flurane” family of anesthetics that
includes isoflurane, desflurane, and enflurane. It is administered by
vaporization and typically given concomitantly with other anesthet-
ics to achieve the desired level of anesthesia (2,3). The molecular
targets of anesthetics are believed to be intracellular proteins, in-
cluding the γ -aminobutyric acid A receptor, rather than the phos-
pholipid bilayer (4). Volatile anesthetics are known to directly affect
not only the central nervous system, but also the cardiovascular, pul-
monary, and neuromuscular systems in a dose-dependant manner
(5). Physical, chemical and pharmacodynamic data of sevoflurane
are given in Table 1.

Sevoflurane is known to suppress electroencephalographic ac-
tivity at a minimal alveolar concentration (MAC) of greater than
1.0 and is not associated with seizure activity up to a MAC of
2.5 (6–8). Unlike isoflurane, sevoflurane is not associated with
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tachycardia upon administration (9). A dose-dependant decrease
in blood pressure is observed with sevoflurane induced anesthesia
and is comparable to desflurane and isoflurane (10). Ventilatory
depression is noted with sevoflurane administration which resulted
in an increased ventilation rate, decreased tidal volume, elevation
of paCO2 and therefore a decreased blood pH (respiratory acidosis)
(6,11). A post-junctional neuromuscular blockade enhancement is
also observed when sevoflurane is used (12).

The frequency of inhalant abuse in terms of a general class of
substances abused is relatively low when compared to substances
that are administered by other routes (1). Inhalants most commonly
abused are glue and paint (toluene containing substances), halo-
genated hydrocarbons, and nitrous oxide. General anesthetic abuse
is extremely rare, possibly because of its limited accessibility and
volatility. Consequently, the distribution of these compounds in bi-
ological fluids and tissues when death was a result of misuse is not
well documented.

Case History

A 44-year-old white male was found dead, lying in a hotel room
bed with an oxygen mask containing a gauze pad secured to his
face. Medications found at the scene included: amphetamine sulfate
(Adderal R©), topiramate (Topamax R©), atenolol (Tenormin R©), lo-
ratadine/pseudoephedrine (Claritin-D R©), zolpidem (Ambien R©), di-
valproex sodium (Depakote-ER R©), aspirin, olanzapine (Zyprexa R©),
celecoxib (Celebrex R©), doxazosin mesylate (Cardura R©), aman-
tadine (Symmetrel R©), levothyroxine (Unithroid R©), and assorted
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TABLE 1—Physical, chemical and pharmacodynamic data of
sevoflurane∗.

Specific gravity @ 20◦C (g/mL) 1.52
Vapor pressure @ 20◦C (mm Hg) 157
Boiling point at 760 mm Hg (◦C) 58.6
Potency (MAC, % atm.) 1.7−2.05
Partition coefficients

Oil : gas 47.2−53.4
Blood : gas 0.68
Tissue : blood†

Brain 1.7
Heart 1.78
Liver 1.85
Kidney 1.15
Muscle 3.13
Fat 47.5

∗From ref. 6.
†In vitro solubility analysis.

vitamins/nutritional supplements. One partially full 250 mL bot-
tle and three empty 250 mL bottles of sevoflurane (Ultane R©) were
located on the nightstand. All of the medications were stored in two
“weekly” pill boxes. We were unable to determine if the medica-
tions in the decedent’s possession were prescribed to him, or if he
had been following the prescribed dosage regimen. The victim was
identified by a co-worker to be employed as an anesthetist, allowing
him access to sevoflurane.

Materials and Methods

Specimen Collection

One tube of blood was collected from the left femoral vein and
seven tubes of blood were collected from the right femoral vein
by venipuncture and stored in sterile plain Vacutainer R© tubes or
Vacutainer R© tubes containing potassium oxalate and sodium flu-
oride. Vitreous humor was collected by optic puncture and stored
in a sterile plain 15 mL Vacutainer R© tube. Urine was collected by
bladder puncture and transferred directly to a plain Vacutainer R©
tube. Gastric contents were stored in a plastic container. Tracheal
aspirate was collected by puncturing the trachea with a 20 gauge,
1.5 in. double ended hypodermic needle with hub and the gaseous
contents were directly aspirated into a plain 15 mL VacutainerTM

tube. Blood, urine, vitreous humor, and tracheal aspirate specimens
that were to be analyzed for sevoflurane were kept sealed and stored
at 4◦C until analysis. Liver and kidney sections were excised and
stored at −80◦C until analysis.

Analytical Methods

Biological specimens (serum, gastric contents, and urine) were
screened for various acidic, basic and neutral drugs and metabo-
lites including: narcotics, over-the-counter analgesics, barbiturates,
benzodiazepines, cannabinoids, cocaine, phencyclidine, phenoth-
iazines, sympathomimetic amines, and tricylic antidepressants by
a combination of thin layer chromatographic, specific colorimetric,
and enzyme immunoassay procedures.

The quantitation of sevoflurane in the biological specimens was
performed by a modification of a previously published method for
enflurane quantitation (13). A 76.0 mg/mL solution of sevoflurane
was prepared by adding 0.5 mL of sevoflurane (Abbott, Abbott
Park, IL) chilled to 4◦C in an ice bath to a 10 mL volumetric flask.
The flask was diluted to the mark with dimethyl sulfoxide (DMSO,
Sigma Chemical, St. Louis, MO) that was chilled to approximately

20◦C in a water bath. A 3.04 mg/mL solution of sevoflurane was
prepared by adding a 2.0 mL aliquot of the 76.0 mg/mL solu-
tion in a 50 mL volumetric flask and diluting to the marked with
chilled (20◦C) DMSO. Immediately before analysis, 5.0 mL of the
3.04 mg/mL solution was added to a 50 mL volumetric flask and
diluted to the mark with 18 M� water that was chilled in an ice
bath to yield a 0.304 mg/mL working standard solution.

Thirteen standards ranging from 0 to 109µg/mL sevoflurane were
prepared by adding 0.00 to 0.9 mL of working standard solution to
7 mL blood collection tubes that were positioned in ice. To these
tubes, 1.5 to 0.6 mL of 18 M� water and 1 mL of adult bovine
serum (Sigma) were added so that the final volume was 2.5 mL.
Before sealing the tubes, 20 µL of 1-propanol (Sigma) was added
to all of the tubes as an internal standard. The tubes were sealed
with a rubber septum, vortexed for 15 s, and allowed to equilibrate
at 25◦C for 1 h before analysis.

To urine, blood and vitreous humor specimens, two-10 µL
aliquots of 1-propanol was added to the original Vacutainer R© tubes
by a 10 µL syringe (Hamilton MicroliterTM #701, Reno, NV.). In
order to quantitate the sevoflurane in the vial containing the tracheal
aspirate with the prepared standards, we had to partition the ana-
lyte and internal standard between a liquid and gas phase. This was
accomplished by adding 1.0 mL of adult bovine serum and 1.5 mL
of 18 M� water with a 5 mL syringe (Becton-Dickinson, Franklin
Lakes, NJ.). Two-10 µL aliquots of 1-propanol was also added to
the container by a 10 µL syringe (Hamilton MicroliterTM). Tubes
containing blood, urine, vitreous humor and tracheal aspirate were
vortexed for 15 s and allowed to equilibrate to 25◦C for 1 h before
analysis. Frozen liver and kidney tissue was cut into approximately
0.5 square centimeter sections and a known weight of each tissue
(∼1.0 g, and assuming 1 g/mL density) was placed into a 7 mL
blood collection tube. To the tubes containing the tissue, 1.5 mL of
18 M� water was added along with 20 µL of 1-propanol. The tubes
were sonicated (FS30, Fisher) for 1 h and allowed to equilibrate at
25◦C overnight.

Standards and specimens were chromatographed on a Perkin-
Elmer 8500 gas chromatograph (Perkin-Elmer, Wellesley, MA)
with a 6′ × 2 mm glass column packed with 0.2% Carbowax 1500 on
80/100 Carbopac C (Supelco, St. Louis, MO). The injector temper-
ature was set at 120◦C, the column temperature was held constant
at 100◦C, the flame ionization detector was set at 200◦C. The flow
rate of the helium carrier gas was 20 mL/min. Recorder (Hewlett-
Packard, Palo Alto, CA) parameters were as follows: zero = 10,
chart speed = 0.5 in./min, attenuation = 6, peak width = 0.16,
threshold = 2. A syringe (Gastight, HamiltonTM) was used to in-
ject a sample headspace volume of 0.25 mL. The retention time
of sevoflurane was 2.92 minutes (a 1.87 relative retention time to
1-propanol).

The resulting chromatograms allowed for integration of peak
areas and subsequent calculation of the peak area ratio of ana-
lyte/internal standard. The peak area ratios obtained from the spiked
calibration standards were plotted against their respective concen-
trations. A linear regression was performed on the twelve points
to obtain a standard curve with a correlation coefficient >0.980.
Sevoflurane concentration for any given specimen was obtained by
subtracting the intercept from the PAR and dividing by the slope
of the standard curve and correcting for volume. In order to adjust
the concentration for volume differences between the specimens
and the standards and to avoid volatilization and loss of sevoflu-
rane, the actual volume of specimen was measured in a 10 mL
graduated cylinder (FisherbrandTM, Pittsburg, PA) after the analysis
was performed. The volume of the specimen (in mL) was divided
by 2.5 mL (the volume of the standards). The resulting quotient
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was multiplied by the concentration determined from the standard
curve.

The quantitation of amphetamine and methamphetamine in urine
and blood specimens was performed by a modification of a previ-
ously published gas chromatographic/mass spectrometric method
(14). Briefly, standards ranging from 0 to 1.00 µg/mL of am-
phetamine (Glaxo-SmithKline, Research Triangle Park, NC) and
methamphetamine (Sigma) were prepared in both urine and serum
matrices. Deuterated (d5) amphetamine (Cerilliant, Round Rock,
TX) was used as an internal standard. The forensic blood specimen
and standards were extracted on a solid phase extraction cartridge
(ZSDAU020, United Chemical Technologies, Bristol, PA) followed
by derivatization with heptafluorobutyric anhydride (Sigma). The
reconstituted specimens were analyzed on a Hewlett-Packard 5890
gas chromatograph with a 5972 mass selective ion detector (Hewlett
Packard). Concentrations of the specimens were determined as
a function of the peak area ratios of the following quantitation
(qualifier) ions: amphetamine, 240 (91,118); methamphetamine,
254 (118,210); d5-amphetamine 244 (91,123). Plasma valproic
acid concentration was determined by fluorescence polarized im-
munoassay (FPIA, Abbott) on a AXSYM analyzer following stan-
dard assay protocol (15).

Results

Toxicological Findings

Analytical results are given in Tables 2 and 3. The serum
drug screen was negative for ethanol and positive for nicotine
and metabolite. The gastric drug screen revealed the presence
of amphetamine, nicotine and metabolite. The urine drug screen
was negative for ethanol and positive for amphetamine, caffeine,
pseudoephedrine, nicotine and metabolite. Quantitative analysis of
sevoflurane in various specimens revealed the following concen-
trations: blood, 26.2 µg/mL; urine 105.2 µg/mL; tracheal aspirate
31.9 µg/mL; liver, 30.8 mg/kg; kidney, 12.8 mg/kg; vitreous hu-
mor 86.7 µg/mL. The plasma contained 60.8 µg/mL of valproic

TABLE 2—Analytical results.

Specimen Result

Drug screen
Serum nicotine and metabolite
Urine amphetamine, caffeine,

pseudoephedrine, nicotine and
metabolite

Gastric nicotine and metabolite, amphetamine

Drug quantitation (in µg/mL)
valproic acid 60.8 (femoral plasma)
amphetamine 0.275 (femoral blood)

7.02 (urine)

TABLE 3—Distribution of Sevoflurane in biological specimens.

Sevoflurane Specimen/Blood
Specimen Concentration (µg/mL) Partition

Blood 26.2 1.00
Urine 105 4.01
Tracheal aspirate 31.9 1.22
Vitreous 86.7 3.31
Liver 30.8∗ 1.17
Kidney 12.8∗ 0.488

∗ In mg/kg.

acid. Blood and urine analysis for amphetamine and metham-
phetamine revealed amphetamine concentrations of 0.275 µg/mL
and 7.02 µg/mL, respectively. The vitreous humor potassium con-
centration was 9.2 mmol/L.

Pathological Findings

The body was that of a well-developed, well-nourished, 95.5 kg
adult male. He had several well healed scars over sporadic areas of
the body, including arcuate longitudinal surgical scars on both el-
bows and two areas of healing abrasions on the left knee. The body
presented a band of increasing cyanosis across the upper chest to-
ward the head, and neck vein distension. There was trace pitting
pretibial edema. There were areas of pulmonary atelectasis and
edema. The right and left lung had masses of 830 and 655 g, re-
spectively. Both lungs exuded a moderate amount of pink-tan froth
on cut surfaces. Microscopic examination revealed a small focus of
left lung hemorrhage, but lack of crystalline material with polarized
light. There was moderate atherosclerotic change in the coronary
arteries and mild thickening of the left and right ventricles. No
anatomic origin for a seizure focus was found. Serology assays re-
vealed the decedent’s blood was non-reactive for HIV-1 or HIV-2
antibodies and negative for hepatitis B and hepatitis C.

Discussion

Respiratory suppression is encountered with most general anes-
thetics, and unless respiratory function is artificially maintained,
death can result (3). The edema, atelectasis, and frothing of the
lungs are consistent pathologies associated with a death caused
by sevoflurane induced respiratory suppression. The amphetamine
concentration in the blood did not appear to contribute to the in-
dividual’s death. Although the therapeutic range of amphetamine
is documented to be 0.030 to 0.110 µg/mL, toxicity is not known
to occur until blood concentrations of 0.500 µg/mL are obtained
(16,17). The valproic acid concentration in the victim’s plasma was
within a therapeutic range of 50–100 mg/L (16). Medical reasons
for the use of these medications are unknown.

Comparison of sevoflurane liver and kidney/blood partitions be-
tween the in vitro analysis reported in the literature and this partic-
ular forensic case, revealed the forensic coefficients are markedly
reduced relative to the in vitro coefficients (6). It would be expected
that postmortem redistribution of sevoflurane occurs in a manner
to increase the blood concentration and/or reduce the tissue con-
centration of the anesthetic after the victim ceases to inhale the
sevoflurane as defined by Henry’s Law. The ratio of the tracheal
aspirate to blood was greater than 1.0 and is suggestive of active
inhalation of sevoflurane at the time of death. Tight cellular junc-
tions of the eye allow for an extended period of time in which the
histological integrity of the sclera in postmortem specimens is main-
tained, this allows for the analysis of vitreous humor which would
reflect higher blood concentrations of sevoflurane achieved nearer
to the time of death and prior to postmortem redistribution or elim-
ination. The trapping of anesthetic in the vitreous humor at a time
of higher blood sevoflurane concentrations would explain the ele-
vated sevoflurane vitreous humor to blood ratio (3.31) being greater
than unity. Sevoflurane metabolites, inorganic fluoride and hexaflu-
oroisopropanol, but not the parent compound have been quantitated
in the urine in clinical cases of therapeutic sevoflurane use (18).
Although the sevoflurane metabolites are more water soluble than
the parent compound, only 5% of a given dose is metabolized (6).
Our data show concentrations of sevoflurane in the urine to be four
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times greater than that found in the blood. Given the lipophilicity
of sevoflurane and a previously reported clinically effective peak
blood concentration of 134 µg/mL, we calculate that the blood con-
centration in the victim was at least 105 µg/mL to produce the urine
sevoflurane concentration measured in the deceased (16).

The clinical administration of sevoflurane is performed with ar-
tificial ventilation and sevoflurane is typically given concomitantly
with other medications to achieve the desired plane of anesthesia.
The purpose of using multiple anesthetics and other medications
is to decrease the side effects of each anesthetic by reducing the
quantity of each drug given and to obtain all of the desired compo-
nents of anesthesia, i.e., muscle relaxation, loss of consciousness,
decreased secretions etc. An acute overdose of sevoflurane alone
will modify total peripheral resistance and therefore change the per-
fusion to various compartments within the body (19). One would
also expect the integrity of the tissue/blood compartments within
a postmortem individual to be compromised. Due to the pharma-
codynamics and pharmacokinetics of sevoflurane, as well as the
distribution/redistribution postmortem effects, the in vitro partition
coefficients of sevoflurane may differ from the postmortem parti-
tion coefficients of sevoflurane in which the cause of death was an
acute overdose.

Conclusion

The deceased exhibited pathologies of pulmonary distress and
anoxia, consistent with a sevoflurane induced respiratory suppres-
sion and subsequent death. The postmortem distribution of sevoflu-
rane and elucidation of tissue/blood partition coefficients in an in-
dividual with an acute sevoflurane overdose are novel findings.
Postmortem interval, redistribution, and the inherent problems as-
sociated with a volatile substance present in biological matrices
should be considered when interpreting the quantitated concentra-
tions of sevoflurane.
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