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A B S T R A C T

Aim: Claimed intake of alcohol after a traffic incident, called the hip-flask defence, can be objectively
assessed by different methods. One of them is the use of two consecutive ethanol concentrations in urine
and the ratio between ethanol concentrations in urine and blood. Another one is the concentrations of
ethyl glucuronide (EtG) and ethyl sulphate (EtS) in blood and their ratio to ethanol. The experimental
basis for both these models is from single dose studies only. The aim of this study was therefore to
describe the kinetics of ethanol, EtG and EtS after ingestion of two repeated doses of ethanol and to
investigate the usefulness of the different models for the assessment of the hip-flask defence.
Methods: Thirty-five subjects ingested a first dose of 0.51 g of ethanol per kilo body weight, and two hours
later a second dose (the hip-flask drink) of 0.25, 0.51 or 0.85 g of ethanol per kilo body weight. Ten urine
and 17 blood samples were collected and analysed for ethanol, EtG and EtS using fully validated methods.
It was investigated if all subjects fulfilled the criteria for recent drinking, according to the two different
models, when using the samples collected 180–240 minutes after start of first dose drinking. According to
the first model, increase in urinary ethanol concentrations and a ratio UAC/BAC below 1.3 indicated
recent drinking. According to the second model, increase in blood EtG concentrations and a ratio ethanol
(g/kg)/EtG (mg/L) above 1 indicated recent drinking.
Results: All subjects in the high dose group fulfilled all criteria for recent drinking. One subject in the
medium dose group and nine subjects in the low dose group failed to show increasing UAC and/or a UAC/
BAC ratio below 1.3. One subject in the low dose group failed to show increasing concentrations of blood
EtG, but all subjects showed a ratio ethanol/EtG above 1.
Conclusions: The present study showed, by the use of experimental data, that both two models used to
investigate the hip-flask defence can be used, but only when the hip-flask dose is sufficiently high.
© 2020 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

Although use of non-alcohol drugs increases, ethanol is still
widely detected in impaired drivers, and this is also the drug
associated with the highest increase in risk of traffic accident, both
fatal and non-fatal [1–6]. After for instance a car accident, the
suspect sometimes claims that he or she had not drunk any alcohol
or just a smaller amount before driving, but ingested alcohol after
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the end of driving, before apprehension by the police. This is
named the hip-flask defence [7–10]. Forensic toxicologists are
often convened as expert witnesses in such cases, to assess the
credibility of the explanation. An objective estimation of the time
of alcohol intake is then important.

Blood or urine samples are typically collected 1�2 hours after
end of driving [11–13]. Different methods like analyses of
congeners and measurement of ethanol in two consecutive blood
samples have been proposed for cases involving the hip-flask
defence [7,8]. Other possible methods include the use of ethanol
ratios between blood and urine and between two consecutive
urine samples [7] and the analyses of the non-oxidative ethanol
metabolites ethyl glucuronide (EtG) and ethyl sulphate (EtS) in
icle under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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blood [12], and these two methods will be investigated in the
present article. A urinary alcohol concentration (UAC) to blood
alcohol concentration (BAC) ratio lower than 1.3 and increasing
UAC in two consecutive urine samples is considered indicative for
recent drinking. Regarding blood EtG and EtS, low absolute
concentrations [12], a high ratio between ethanol (g/kg) and
EtG/EtS (mg/L) and increasing EtG or EtS values in two consecutive
samples indicate that intake occurred shortly before sample
collection.

These scientific interpretations are based on experimental
pharmacokinetic studies of healthy volunteers, administering
mostly low to moderate doses of ethanol [14–18]. An obvious
weakness when transferring this to the cases of hip-flask defence is
the frequent use of higher doses in real life cases, making
extrapolation necessary. Also, experimental studies are performed
with single dose intake, a situation not necessarily comparable to
the user pattern in real life cases where alcohol might have been
drunk also before driving. Data from studies using repeated
ingestion, as well as higher doses, could therefore improve the
accuracy in the interpretation of hip-flask defence cases.

The aim of this study was therefore to describe the kinetics of
ethanol, EtG and EtS in blood and urine after ingestion of two
repeated doses of a total relatively large dose of ethanol. We also
wanted to investigate the usefulness of the different models for the
assessment of the hip-flask defence.

2. Materials and methods

2.1. Study protocol

Thirty-seven healthy volunteers received 0.51 g ethanol as beer
(5%) per kilo body weight at start of the experiment, over a total of
1 h (divided into four portions administered during 15 min each).
Two hours after start of the experiment, an additional dose of
ethanol was ingested over 15 for the low dose and 30 min for the
medium and high dose (0.25 g/kg, 0.51 g/kg or 0.85 g/kg ingested as
beer, wine or spirits). Breakfast was provided during the first 1 h
drinking session. About 30 min after the second drink (three hours
after start of the experiment), the subjects were provided with
lunch. During the entire experimental day the subjects were
provided with water, coffee, tea, fruit and biscuits ad libitum. The
timeline of the experiment is shown in Fig. 1.

Over seven hours, a total of 10 urine samples were collected in
tubes (NUNC TM, Roskilde, Denmark), and 17 blood samples (2
tubes at each sampling time for analysis of ethanol and EtG/EtS)
were drawn in 5 mL vacutainer tubes (BD Vacutainer1, Plymouth,
United Kingdom), with 143 IU (0.286 mg) heparin and 20 mg
fluoride. The subject demographics are shown in Table 1. The study
protocol was approved by the regional ethics committee in
Linköping (Dnr: 2015:41/31 and 2017:213/32).
Fig. 1. Time line of the experiment.
2.2. Analyses of ethanol in blood and urine

All blood and urine samples from the study were analysed for
ethanol. Blood samples were analysed for ethanol the day of
collection and urine samples analysed at the end of each study
week (within 5 days). The method used has previously been
validated for ethanol quantification in blood or urine samples from
legal cases [19,20]. In brief, a 100 mL aliquot of study samples,
calibration samples and control samples were diluted with
1000 mL internal solution in head-space vials, sealed with crimp
caps and placed on an auto sampler for ethanol analysis by head-
space gas chromatography and flame ionization detection. All
technical information as well as the validation data of the method
is described in previous publications [19,20].

The calibration range was determined to 0.0948–4.7393 g/kg,
accuracy was 100–103%, intraday imprecision <0.8% and total
imprecision �1.7%.

2.3. Analyses of EtG and EtS in blood

All blood samples were analysed for EtG and EtS. Samples were
stored refrigerated and shipped refrigerated to the laboratory
before analysis. Storage and shipping time together varied
between approximately one and four weeks and stability experi-
ments were performed to investigate stability during three months
at 4 �C. In these experiments, 10 samples were reanalysed after
three months of storage at 4 �C.

The method used has previously been validated for EtG and EtS
quantification in blood [21]. In brief, to a 100 mL aliquot of study
samples, calibration samples and control samples, internal
standard was added before protein precipitation (PPT) with ice-
cold acetonitrile (ACN). The supernatants were filtered through a
96-well phospholipid removal plate. The filtered samples were
evaporated to dryness and reconstituted in 150 mL water/ACN/
formic acid. Analysis was performed by ultra-high performance
liquid chromatography-tandem mass spectrometry. All technical
information as well as the validation data of the method is
described in submitted publication. The calibration range was
0.089–22 mg/L for EtG and 0.025–6.3 mg/L for EtS, accuracy and
precision were <10% for both analytes.

2.4. Interpretation of cases

For all included participants, it was determined whether the
data indicated recent intake of ethanol, according to two different
methods for assessment of the hip-flask defence: use of ethanol
ratios between blood and urine and between two consecutive
urine samples and the analyses of the non-oxidative ethanol
metabolites EtG and EtS in blood.

For all subjects included in the study, samples collected at
180 min after start of first drinking and the following sample
(210 min for blood and 240 min for urine) were assessed. This
corresponds to 60, 90 and 120 min after the second dose (hip-flask
drink) and these time points were considered realistic for what
would have been collected after an accident or other suspected
drunk driving. This would imply that we assume intake of a first
alcohol dose approximately two hours before a very short driving,
ingestion of the hip-flask drink right after driving, and sample
collection 60 and 90 or 120 min after this. We then assessed if the
samples investigated would detect the recent intake of the second
dose.

An UAC/BAC ratio in samples collected 180 min after start of
drinking and the difference between UAC at 240 min and UAC at
180 min was calculated for all subjects. A UAC/BAC ratio below 1.3
and increasing UAC values were considered indicative for recent
drinking.



Table 1
Demographics and doses of the subjects.

Group (2nd drink) Subject (#) Gender (Male/Female) Age (years) Weight (kg) Height (cm)

0.25 g/kg Beer 1 F 25 79.2 175
2 F 22 69.0 174
3* F 24 84.0 178
4 M 23 63.8 163
5 M 20 71.5 179

0.25 g/kg Wine 6 M 22 76.7 179
7 M 21 82.0 191
8 M 22 80.3 186
9 F 21 67.0 173
10 M 23 77.1 178

0.25 g/kg Vodka 11 F 24 73.0 170
12 F 25 63.8 178
13 F 25 84.6 181
14 F 22 67.7 167
15 F 23 60.1 163

0.51 g/kg Beer 16 F 24 65.0 167
17 M 23 85.0 193
18* F 23 62.0 173
19 M 27 82.1 185
20 M 21 87.0 189

0.51 g/kg Wine 21 M 24 91.0 189
22 M 28 72.0 185
23 F 21 55.0 165
24 M 20 70.0 183
25 M 21 79.7 185

0.51 g/kg Vodka 26 M 24 111.9 189
27 M 24 82.4 185
28 M 21 86.5 188
29 M 23 89.6 184
30 M 21 78.0 189
31 F 25 84.6 186
32 F 22 72.2 163

0.85 g/kg Vodka 33 M 22 75.0 178
34 M 24 83.0 178
35 M 24 87.0 185
36 M 22 77.9 183
37 M 25 81.0 185

* Subject 3 and 18 were excluded due to partial intake of second alcohol dose.
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Correspondingly for EtG and EtS, a ratio between blood ethanol
(g/kg) and EtG/EtS (mg/L) in samples collected 180 min after start
of drinking and the difference between blood EtG and EtS at
210 min and 180 min were calculated for all subjects. A ratio
between ethanol (g/kg) and EtG/EtS (mg/L) above 1 and increasing
EtG and EtS values were considered indicative for recent drinking.
Only details for the EtG criteria, not the EtS criteria, are shown.

2.5. Statistics

Kinetica version 5.1 (Thermo Fisher Scientific Inc., Waltham,
MA, USA) was used for pharmacokinetic processing of the EtG and
EtS data. The maximum concentration (Cmax) and the time to reach
Table 2
Cmax and Tmax values for BAC and UAC in the different dosing groups.

Blood Max 1 Urine Max 1 

Dose (g/kg
body
weight)

Cmax (g/kg)
median (range)
Number

Tmax (min)
median (range)
Number

Cmax (g/kg)
median (range)
Number

Tmax (min)
median (rang
Number

0.51 + 0.25 0.41 (0.29–0.64) 90 (60–105) 0.58 (0.35–0.80) 90 (90–120) 

14 14 12 12 

0.51 + 0.51 0.39 (0.29–0.61) 75 (75–105) 0.58 (0.44–0.84) 90 (90–90) 

15 15 15 15 

0.51 + 0.85 0.41 (0.30–0.44) 83 (75–105) 0.59 (0.47–0.64) 90 (90–90) 

4 4 5 5 
Cmax (Tmax) for different doses were calculated for each subject in
the Kinetica software. IBM SPSS1 Software version 19.0 (SPSS Inc.,
Chicago, IL, USA) was used for statistical analyses. Median and
range values are reported. Figures were prepared in excel.
Differences in BAC, UAC and Tmax for ethanol were investigated
using Kruskal Wallis non-parametric test.

3. Results

Of the 37 subjects, two (number 3 and 18) were excluded due to
only partial ingestion of the second alcohol dose. Further results
are therefore from 35 subjects (14 in the low dose, 16 in the
medium dose and 5 in the high dose group).
Blood Max 2 Urine Max 2

e
Cmax (g/kg)
median (range)
Number

Tmax (min)
median (range)
Number

Cmax (g/kg)
median (range)
Number

Tmax (min) median
(range) Number

0.58 (0.48–0.77) 165 (150–210) 0.72 (0.59–0.92) 210 (180–240)
14 14 14 14
0.90 (0.62–1.27) 180 (165–210) 1.10 (0.82–1.54) 240 (240–240)
16 16 16 16
1.27 (1.26–1.37) 180 (180–210) 1.69 (1.59–1.74) 240 (240–240)
5 5 5 5
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3.1. Results from blood and urine ethanol measurements

Based on results from comparisons with the non-parametric
Kruskal Wallis test, there were no differences in maximum BAC,
maximum UAC or Tmax for blood or urine between beer, wine or
Fig. 2. Individual BAC curves (A), UAC curves (B), and UAC/BAC ratios (C) for
vodka in the same dosing group. Results from the different types of
ethanol are therefore presented together, according to dosing
group. A summary of the results for ethanol is shown in Table 2,
where Cmax and Tmax values for ethanol in blood and urine after
both first and second ingestion are seen.
 the 16 subjects receiving 0.51 g/kg + 0.51 g/kg of ethanol in two doses.
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Fig. 2 depicts individual BAC, UAC and UAC/BAC ratios for the
subjects in the medium dosing group (0.51 + 0.51 g/kg). Six of the
subjects had no measurable BAC 30 min after the beginning of
drinking. All subjects except number 28 reached a maximum in
BAC before the second dose was ingested. Additional data for low
and high doses are shown in Supplemental Figs. 1 and 2.

3.2. Results from blood EtG and EtS measurements

The reanalyses of samples after three months showed small
deviations in concentrations, with a 20% decrease in blood EtG
from a sample stored at 4 �C as the largest difference. As the
shipping period was much shorter than three months, both EtG
and EtS were considered stable for the purpose of the study.

Cmax and Tmax values for EtG and EtS in the different dosing
groups are seen in Table 3. Fig. 3 depicts individual concentrations
of EtG and EtS as well as the ratios between ethanol and EtG for the
subjects in the medium dosing group (0.51 + 0.51 g/kg). Additional
data for low and high doses are shown in Supplemental Figs. 3 and
4.

3.3. Interpretation of cases using the two models

All subjects were assessed according to fulfilment of the
described criteria for recent drinking (see supplemental Table 1 for
all data). All subjects in the high dose group fulfilled criteria for
recent drinking using the samples collected 180 and 210–240 min
after start of drinking the first drink (60–120 min after the hip-
flask drink). However, one subject in the medium dose group and
nine subjects in the low dose group failed to fulfil one or more of
the criteria. The values for UAC/BAC ratio, increase in UAC, blood
ethanol/EtG ratio and increase in EtG blood concentrations for all
these subjects are seen in Table 4.

As seen in Table 4, eight subjects did not fulfil the criteria for
recent drinking regarding the increase in UAC from 180–240 min
after start of intake. Regarding the ratio between UAC and BAC
180 min after start of intake, eight subjects also failed to fulfil this
criterion.

As also seen in Table 4, one subject did not fulfil the criteria for
recent intake regarding increasing concentrations of blood EtG and
EtS (data not shown). It should be noted that the increase in EtS
concentrations was generally less steep than the increase in EtG
concentrations, making EtS somewhat less suitable for assessment
of this criteria. Regarding the ratio between ethanol (g/kg) and EtG/
EtS (mg/L), all subjects fulfilled criteria for recent intake.

4. Discussion

The present study showed pharmacokinetics of ethanol, EtG
and EtS after ingestion of two doses of ethanol and used the
experimental data to investigate the hip-flask defence by the use of
two pharmacologically different but objective methods. The first
method is the ratio between urine and blood ethanol concen-
trations and the difference in urinary ethanol concentrations in
Table 3
Cmax and Tmax values for EtG and EtS in the different dosing groups.

Dose (g/kg body
weight)

Cmax EtG (mg/L) median (range)
Number

Cmax EtS (mg/L) median 

Number

0.51 + 0.25 0.50 (0.30–0.71) 0.25 (0.17–0.45) 

14 14 

0.51 + 0.51 0.80 (0.37–1.03) 0.35 (0.25–0.44) 

16 16 

0.51 + 0.85 1.31 (0.88–1.54) 0.55 (0.44–0.80) 

5 5 
two consecutive voids (for simplicity called the ethanol model).
The second method is the difference in EtG/EtS concentrations in
two consecutive blood samples and the ratio between ethanol and
EtG/EtS in blood (for simplicity called the EtG model).

The possibility to objectively assess recent drinking has
previously been indicated successful by the use of the two
methods, but only when a single dose of ethanol is ingested
[14,22]. When a suspect claims that alcohol was exclusively
ingested after driving, the interpretation is therefore relatively
straight forward [7,12]. However, suspects often claim that alcohol
was ingested both before and after driving, and the experimental
basis for such a scenario has been very limited [20].

The present results showed that the same criteria can be used
when two doses are ingested, but only when the second dose is
sufficiently high compared to the first dose. Therefore, if a suspect
claims an intake after driving that is comparable or higher than
the intake before driving, the criteria for recent drinking are
assumed to be present. It should however be noted that the
present study investigated one specific scenario, i.e. one dose
ingested two hours before a very short driving and the second
dose ingested directly after driving, one to two hours before
sample collection. In real life cases, a vast number of different
scenarios regarding time and size of the two doses could occur.
The present results must therefore be used with caution when
transferred to real life cases.

One aim of the present study was to compare the two different
models, the ethanol model and the EtG model. For the medium and
high dose group, they showed equally satisfactory results, but for
the low dose group, the ethanol model failed to detect recent
drinking in more than half of the included subjects. These cases are
however assumed to represent the smallest problem in traffic
cases, as ingestion of a small amount of alcohol after driving will
have smaller impact on the calculated blood alcohol concentration
and therefore be of less forensic interest, unless the measured BAC
is close to the legal limit. We therefore conclude that both models
can be used to assess the hip flask defence. For the EtG model, EtS
can be assessed in addition to EtG, but since EtS shows a less steep
rise in concentrations, EtG is the more useful of the two.

In a previous smaller study, only the ethanol model was
investigated, and it was concluded that the increase in urinary
ethanol concentrations in two consecutive voids was more
sensitive than the UAC/BAC ratio [20]. The present study did not
support this, as an equal number of patients failed to fulfil both
these criteria.

Regarding pharmacokinetics, the present study added knowl-
edge about Cmax and Tmax values for ethanol and EtG. For ethanol, a
median Cmax of 0.4 g/kg after ingestion of 0.51 g of ethanol per kilo
body weight was in accordance with or somewhat lower than
previous studies investigating the same dose [17,23], probably
caused by the slow ingestion in the present study. When the same
dose was repeated, the maximum concentrations more than
doubled, to a median of 0.9 g/kg. This could be caused by the
quicker ingestion of the second dose compared to the first,
reducing first pass metabolism of ethanol [24].
(range) Tmax EtG (min) median (range)
Number

Tmax EtS (min) median (range)
Number

300 (240–360) 240 (180–300)
14 14
360 (300–420) 270 (240–300)
16 16
420 (360–420) 300 (270–420)
5 5



Fig. 3. Individual BEtG curves (A) and BEtS curves (B) and Beth/BEtG curves (C) for the 16 subjects receiving 0.51 g/kg + 0.51 g/kg of ethanol in two doses.
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Table 4
Evaluation parameters for the 9 subjects that did not fulfil criteria for recent drinking.

Subject UEth240-
UEth180

Indicative of recent
intake?

UEth180/
BEth180

Indicative of recent
intake?

BEtG210-
BEtG180

Indicative of recent
intake?

Beth/
BEtG180

Indicative of recent
intake?

1 �0.06 No 1.34 No 0.14 Yes 1.4 Yes
2 �0.14 No 1.34 No 0.08 Yes 2.2 Yes
4 0.01 Yes 1.36 No 0.08 Yes 2.4 Yes
5 �0.15 No 1.54 No 0.06 Yes 2.0 Yes
6 �0.09 No 1.32 No 0.1 Yes 1.3 Yes
7 �0.08 No 1.37 No 0.08 Yes 2.1 Yes
8 �0.06 No 1.32 No 0.07 Yes 2.9 Yes
9 �0.01 No 1.17 Yes 0.1 Yes 2.2 Yes
11 0 No 1.21 Yes 0 No 2.3 Yes
27 0.02 Yes 1.34 No 0.03 Yes 3.7 Yes
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For EtG, maximum concentrations after ingestion of a given
dose of ethanol have previously been published. For example,
maximum concentrations of 1.06 mg/L was seen after ingestion of
1.0 g of ethanol per kilo body weight [23]. The present study
showed median maximum concentrations of 0.8 mg/L when a total
dose of 1.02 g of ethanol per kilo body weight was ingested,
indicating that lower peak concentrations will be seen when doses
are divided in two. This could be explained by for instance higher
relative first pass metabolism of ethanol when smaller doses are
ingested [24], but also to the slower intake of the first dose in the
present study, making maximum BAC lower.

The strength of the present study is the combination of an
experimental study with a practical approach to assessment of
cases. Also, a strict protocol was applied and all samples were
analysed for ethanol and EtG/EtS using fully validated methods.
The main weakness of the present study is the investigation of only
one specific scenario, and inclusion of only young participants with
body mass index, volume of distribution, and elimination not
representative of a wider population. Also, for the EtG method, one
of the criteria for recent drinking, i.e. the increase in EtG
concentrations between the two samples collected 180 and
210 min after start of first drinking, could possibly be a result of
the first dose EtG increase, although at this time point, a plateau
level could also be present [14,16]. For the ratio ethanol (g/kg)/EtG
(mg/L), these results could not be a result of the first dose ingestion
[14,24] and will reflect the combination of the two doses, as we
aimed to study.

In conclusion, the present study showed that the two
investigated methods to evaluate the hip-flask defence could also
be used when alcohol was already on board from a previous intake,
but only if the last dose is sufficiently high.
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