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Management of changes in physio-
logic and mental status due to al-
cohol is a core skill utilized in the
psychiatric emergency service.
Blood alcohol concentrations are
commonly approximated by meas-
uring breath alcohol at triage.
However, the blood-breath ratio is
highly variable, and breath tests
have produced lower readings
than blood tests. The authors as-
sessed the accuracy of breath alco-
hol readings at triage in a medical
emergency department compared
with subsequent serum alcohol lev-
els taken in the psychiatric emer-
gency service. The mean breath
ethanol concentration was signifi-
cantly lower than the mean cor-
rected serum ethanol concentra-
tion (.15±.05 grams per 210 liters
and .23±.05 grams per 100 milli-
liters, respectively). The relative
accuracy of breath alcohol tests de-
creased with increasing serum al-
cohol. Although its low false-posi-
tive rate makes the breath test ac-
ceptable for legal purposes, the
blood alcohol level is more appro-

priate for clinical use in emer-
gency settings, because breath
tests can underestimate the degree
of toxicity. (Psychiatric Services
57:34–36, 2006)

Approximately 20 to 35 percent of
people who consult health care

providers abuse or are dependent on
alcohol (1). Alcohol intoxication is as-
sociated with depression, irritability,
and violence and is indicative of
chronic substance abuse or other
mental health concerns. Sudden ces-
sation of habitual alcohol abuse may
prompt a withdrawal syndrome char-
acterized by autonomic hyperactivity,
delirium, or seizures.

Management of changes in physio-
logical and mental status due to alco-
hol is a core skill in the psychiatric
emergency service. Blood alcohol
concentrations are commonly approx-
imated by measuring breath alcohol
at triage. Breath assays assume an
equilibrium state between the alcohol
in the blood surrounding the lung and
the gas in the alveoli. In the United
States breath alcohol tests are cali-
brated with the amount of alcohol (in
grams) in 210 liters in breath, pre-
sumed to be equal to the amount of
alcohol in 100 milliliters of blood—a
blood-breath (to alcohol) ratio of
2,100:1. In practice the blood-breath
ratio is highly variable, with reported
values ranging from 1,981:1 to
2,833:1 (2).

The time of measurement relative
to the time of alcohol consumption is
important in establishing an accurate
ratio. A deprivation period of ten to

20 minutes is recommended to mini-
mize the effects of alcohol in the
mouth (3,4). In addition, blood levels
tend to peak within 30 to 45 minutes
of alcohol consumption (4). After al-
cohol reaches its peak level in the
blood and the elimination process be-
gins, the blood-breath ratio increases,
and the ratio averages about 2,300:1
(5). Thus the blood-alcohol levels of
patients who are post-peak would
tend to be underestimated with the
standard 2,100:1 conversion.

Several other factors can affect the
blood-breath ratio. The last portion of
a continuous expiration—the end-ex-
piratory breath—should be analyzed,
because alcohol concentration does
not tend to plateau until two-thirds of
the breath has been exhaled. Re-
breathing air has been shown to de-
crease the blood-breath ratio (6).
Temperature can also affect the
blood-breath ratio (7).

The marketed breath alcohol tests
vary in accuracy. In an electrochemical
oxidation–fuel cell device, such as the
Alco-Sensor III used for the study re-
ported in this column, a fuel cell con-
verts a fuel (ethanol) and an oxidant
(oxygen) into a direct current that is
measured to determine the level of
ethanol present. These devices are rel-
atively specific and do not respond to
typical interfering substances (7).

The preferred method of blood al-
cohol testing is gas chromatography,
although various methods exist. To
prepare a sample for gas chromatog-
raphy, the sample may be diluted with
an aqueous solution of internal stan-
dard and injected into the chromato-
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graph. Headspace vapor sampling—a
variation on gas chromatography—in-
volves diluting a specimen with an
aqueous solution of internal standard,
heating it, and then injecting a sample
of the gas phase into the chromato-
graph. This method is highly sensi-
tive, detecting alcohol levels as low as
10 milligrams per deciliter; however,
the process is complicated and time-
consuming (8). Advantageous in
emergency situations, direct injection
of a diluted sample eliminates the 15-
to 30-minute equilibration period re-
quired for headspace analysis (9). 

Another method of serum alcohol
measurement involves enzymatic as-
say. Ethanol in the sample is convert-
ed to acetaldehyde by alcohol dehy-
drogenase in the presence of nicoti-
namide adenine dinucleotide, which
in a reduced form can be measured
spectrophotometrically. Although this
method is relatively precise and accu-
rate, it cannot be performed on whole
blood, which is often required for le-
gal purposes (8).

Emergency department research
has indicated that breath alcohol lev-
els derived from the Alco-Sensor III
correlate strongly and significantly
with blood alcohol concentrations;
however, breath tests have produced
lower readings than blood tests (10).
Although current breath and blood
alcohol assays appear to correlate rel-
atively well in general, inaccurately
low breath levels and individual vari-
ability may be clinically problematic.

The study reported here examined
the accuracy of breath alcohol levels
taken at triage in an emergency de-
partment compared with subsequent
serum alcohol levels taken in the psy-
chiatric emergency service. We hy-
pothesized that there would be a
strong overall correlation between
breath and blood alcohol levels, but
with significant individual variability.

Methods
This was a naturalistic study of the
consistency of breath and blood
measures of ethanol among intoxicat-
ed patients who presented to the
emergency department of the Uni-
versity of Rochester Medical Center
(URMC), where blood alcohol con-
centrations are commonly obtained
for intoxicated patients who are trans-

ferred to the URMC psychiatric
emergency service. A breath alcohol
analysis is regularly completed at
triage for patients who present with
suspected intoxication. Depending on
the level of intoxication and other
clinical factors, the patient may be
kept in the medical emergency de-
partment for observation and treat-
ment. If the patient does not require
medical intervention and the primary
presenting problem is believed to be
a psychiatric one, the patient may be
immediately transferred to the psy-
chiatric emergency service. A serum
ethanol level is then routinely ob-
tained for intoxicated patients who
are transferred to the psychiatric
emergency service.

To determine the consistency of
breath and blood alcohol levels, we
compared the readings of 65 intoxi-
cated patients who presented to the
URMC emergency department.
These patients represented a conven-
ience sample derived from the clini-
cal population over the course of five
months (July to November 2003).
Breath alcohol analysis was per-
formed for 61 of these patients,
serum alcohol analysis for 59, and
both breath and serum analysis for
55. The time of assessment for both

measures was documented for 32 pa-
tients, who constituted the sample for
whom data are reported here.

Equilibrating the measured blood
ethanol concentration on the basis
of time elapsed between the breath
alcohol concentration at triage and
the blood ethanol concentration tak-
en in the psychiatric emergency
service was required for meaningful
comparison. We used a standard es-
timate of ethanol metabolism to ap-
proximate corrected serum alco-
hol—that is, what the blood ethanol
concentration would have been at
triage. Schuckit (1) reports that the
average (70 kg) person can metabo-
lize approximately one alcoholic
drink per hour, effectively reducing
serum ethanol by 15 to 20 mil-
ligrams per deciliter. We used the
mean of these values—17.5 mil-
ligrams of alcohol per deciliter of
blood per hour—for our corrected-
concentration conversion. The equiv-
alent value of .0175 g per 100 milli-
liter per hour was used in this analy-
sis to correlate with reported serum
ethanol in grams per 100 milliliters
of blood, which is presumed to be
equivalent to grams per 210 liters in
breath, the units reported for breath
ethanol measures.
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Results
A substantial disparity was found in
the time that elapsed between breath
ethanol testing and serum ethanol
measurement, with a range of .23 to
4.83 hours (mean±SD=1.28±1.02
hours). The degree of intoxication
among participating patients who
presented to the emergency depart-
ment was also highly variable. The
mean breath ethanol concentration
measured at triage was .15±.05 grams
per 210 liters in breath, with a range
of .02 to .21. The mean corrected
serum ethanol concentration was
.23±.05 grams per 100 milliliters of
blood, with individual values ranging
from .06 to .32.

A two-tailed Pearson correlation
coefficient was calculated for the re-
lationship between breath and serum
ethanol concentrations. A moderate
positive correlation was found
(r=.390, df=30, p<.03), indicating an
overall consistent relationship be-
tween the variables. The lack of an es-
pecially strong correlation likely re-
flects the large discrepancies between
breath and blood concentrations in
certain cases.

A paired-samples t test was per-
formed to determine whether the
2,100:1 blood-to-breath ratio pro-
duced an accurate estimation of blood
ethanol. A significant difference be-
tween the means of blood and breath
ethanol measurements was found
(t=8.184, df=31, p<.001), indicating
that average serum concentrations of
ethanol were significantly higher than
those indicated by breath ethanol.

With regard to individual variabili-
ty, for 11 of 32 patients (34 percent)
the corrected serum concentration
varied by up to .05 from the meas-
ured breath ethanol level, and for 24
of 32 patients (75 percent) it varied by

up to .10. Individual comparisons are
shown in Figure 1.

For one patient, the breath ethanol
concentration was actually higher
than the serum concentration. Thus
for eight of 32 patients (25 percent),
corrected blood ethanol concentra-
tions were more than .10 greater than
those measured from breath. Serum
ethanol was .23 higher in the most ex-
treme case, indicating that in certain
cases a patient’s serum ethanol con-
centration may vary widely from a
breath measurement.

The relative accuracy of breath al-
cohol tests decreased with increasing
serum alcohol. When the corrected
serum alcohol concentration was up
to .20, breath and corrected serum
ethanol means were not significantly
different. Conversely, when correct-
ed serum ethanol was greater than .20
grams per 100 milliliters, breath alco-
hol and corrected serum ethanol
means were significantly different
(t=8.199, df=25, p<.001).

Discussion and conclusions
Among 25 percent of the patients in
this study, measured breath concen-
trations were at least .10 less than pro-
jected serum alcohol concentrations.
Although there are several possible
explanations for an aberrantly low
breath ethanol value, the most likely
one is that the patient did not provide
an appropriate breath sample. It has
been demonstrated that patient coop-
eration influences the strength of cor-
relation between blood and breath al-
cohol concentrations (10).

Breath ethanol tests have the bene-
fit of relatively simple application and
are less invasive than blood ethanol
tests. Furthermore, breath ethanol
testing devices are generally portable
and available for use in the field, giv-

ing them utility in law enforcement.
Although a low false-positive rate
makes the breath test acceptable for
legal purposes, the blood alcohol lev-
el is more appropriate for clinical use
in emergency settings, because
breath tests can underestimate the
level of toxicity. Clinical assessment of
an appropriate time for patient as-
sessment and disposition may be
preferable to reliance on highly vari-
able breath tests.
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