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The Drug Evaluation and Classification (DEC) program is used by
police agencies to determine if individuals are behaviorally
impaired because of drug use, and, if impaired, to determine the
class of drug(s) causing the impairment. Although widely used, the
validity of the DEC evaluation has not been rigorously tested. The
primary goal of this study was to determine the validity of the
variables of the DEC evaluation in predicting whether research
volunteers had been administered ethanol, cocaine, or marijuana;
a secondary goal was to determine the accuracy of trained police
officers (Drug Recognition Examiner, DRE) in detecting whether
subjects had been dosed with ethanol, cocaine, or marijuana.
Community volunteers (n = 18) with histories of drug use received
ethanol (0, 0.28, 0.52 g/kg), cocaine (4, 48, 96 mg/70 kg), and
marijuana (0, 1.75, 3.55% THC) in a double-blind, randomized,
within-subjects design. A single drug dose or placebo was
administered during each of nine experimental sessions, and blood
samples were obtained before and periodically after dosing. With
the exception of marijuana, plasma drug concentration was at or
near the observed maximum during the DEC evaluation. The
ability of the DEC evaluation to predict the intake of ethanol,
cocaine, or marijuana was optimal when using 17-28 variables
from the evaluation. When DREs concluded impairment was due
to drugs other than ethanal, their opinions were consistent with
toxicology in 44% of cases. These findings suggest that the DEC
evaluation can be used to predict accurately acute administration
of ethanol, cocaine, or marijuana, and that predictions of drug use
may be improved if DREs focused on a subset of variables.

Introduction

Motor vehicle accidents are the leading cause of death in
the United States for people aged 1 to 34, and ethanol is a
factor in nearly half of traffic fatalities each year (1). Several
studies have examined the role of drugs other than ethanol;
however, measuring the prevalence rate of drugs in victims of

* A preliminary report of this study was presented at the 1995 SOFT meeting in Baltimore,
Maryland.
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vehicular accidents has yielded inconsistent data. A recent na-
tional study of fatally injured drivers from seven geographically
diverse states found a prevalence rate of 6.4% for drugs other
than ethanol; marijuana (6.7%) and cocaine (5.3%) were the
two most prevalent drugs detected (2). In contrast, studies
conducted in metropolitan areas or single states typically have
reported greater drug prevalence rates among fatally injured
drivers, ranging from 19 to 37% for marijuana and from 8 to
20% for cocaine (3-6). Relatively high prevalence rates were
also found in subjects stopped for reckless driving; urine drug
testing indicated 33% were positive for cannabinoids, 13%
were positive for cocaine metabolites, and 12% were positive for
both (7). It is important to note that drug prevalence rates do
not imply driver impairment; however, most drug-related ve-
hicular accidents presumably involve impaired cognitive or
psychomotor abilities. Currently, for drugs other than ethanol,
we have few standardized methods for identifying drug-induced
behavioral impairment.

The Drug Evaluation and Classification (DEC) program,
which was originally developed by the Los Angeles Police De-
partment (LAPD) during the 1970s, grew out of a need to'doc-
ument legally if a driver was impaired because of drug use.
The DEC program consists of a standardized evaluation con-
ducted by a trained police officer (Drug Recognition Exam-
iner, DRE!) and the toxicological analysis of a biological spec-
imen. The evaluation involves examination of the suspect’s
appearance, behavior, eyes, performance of four field sobriety
tests (FST), vital signs, and questioning of the suspect (8).
From the evaluation, the DRE concludes (a) if the suspect is be-
haviorally impaired, (b) if the impairment is drug-related, and
(c) the drug class or combination of classes likely to be causing
the impairment. The DEC program uses seven drug classes:
central nervous system (CNS) depressants, CNS stimulants,
hallucinogens, phencyclidine, narcotic analgesics, inhalants,

1 The acronym DRE, as originally developed by the Los Angeles Police Department, referred to
Drug Recognition Expert. However, appellate courts have ruled that the term Expert is approp-
riate because the court determines whether a witness is an expert. Challenges have also been
raised by the forensic toxicology profession. The International Association of Chiefs of Police
has retained the acronym DRE, but now recognizes the terms Examiner or Evaluatorin addition
to Expert for those officers certified in the DEC program. Drug Recognition Examiner is the Litle
used in this paper.

Reproduction (photocopying) of editorial content of this journal is prohibited without publisher’s permission.

|

|

|

|
e




e S ]

Journal of Analytical Toxicology, Vol. 20, October 1996

and cannabis. Results of the toxicological analysis either confirm
or rebut the DRE’s drug class opinion.

Since the early 1980s, the National Highway Traffic Safety Ad-
ministration (NHTSA) has overseen the development and im-
plementation of the DEC program, and, in 1987, the Interna-
tional Association of Chiefs of Police (IACP) became the national

certifying agency for DREs. The DEC program is currently func-

tional in 29 states and the District of Columbia and has experi-
enced an increase in participating agencies of 300% since 1991
(9). A study of the impact of the DEC program on traffic en-
forcement and adjudication in 11 DEC jurisdictions in 5 states
(10) indicated that the number of impaired driving arrests was

‘unchanged from before to after the DEC program was imple-

mented; however, mean blood alcohol concentration (BAC) of
DWI suspects was lower in the year after the program was begun
compared with nine agencies without the DEC program. The
study also found that DRE cases typically result in a conviction
on an impaired driving charge, but that DRESs are rarely required
to testify in court. In the 1980s, Los Angeles Municipal Courts
began accepting expert testimony from DREs (11). Since 1991,
courts in Arizona and New York have held that DRE testimony
meets the Frye standard and is thus admissable. Courts in Col-
orado, Florida, and Minnesota have held that DRE testimony is
admissable and that the Frye standard is inapplicable (9,12).
Although widely used, the validity of the DEC program has
heen evaluated under limited laboratory and field conditions. In
the only laboratory study to date (13), four DREs from the LAPD
evaluated drug-experienced research volunteers who were dosed
under double-blind conditions on separate days with d-
amphetamine (15 or 30 mg, p.o.), diazepam (15 or 30 mg, p.0.),
secobarbital (300 mg, p.o.), and marijuana (1.3% or 2.8% A®-
tetrahydrocannabinol [THC], 12 puffs). Results indicated that
DREs correctly identified the drug class in 91.7% of cases when
subjects were judged impaired, correct identifications were dose
dependent, and the DEC evaluation resulted in a very low false-
positive rate (1.3%). Several field studies of the DEC program
have also indicated that a high percentage of DRE opinions
were confirmed by toxicological analysis. A study in Los
Angeles reported that when DREs concluded suspects were im-

-paired,-any drug was detected in blood in 94% of cases, and the

named drug class was confirmed in 79% of cases (11). In the ad-
judication study discussed previously (10), laboratory tests found
any drug in 85% of cases and confirmed drug class opinions in
649% of cases when suspects were judged to be impaired. Finally,
a recent study of the Arizona DEC program from 1989 to 1993
indicated that DRE impairment decisions were supported by
toxicology in 84% of cases {12).

These studies suggest the DEC program, as used in the field,
can accurately determine if an individual has used a drug some-
time before the evaluation. However, the validity of the indi-
vidual variables of the DEC evaluation as predictors of drug in-
take has not been rigorously examined. Thus, the primary goal
of this study was to determine the validity of the DEC evaluation
variables in predicting if research volunteers had been admin-

istered ethanol, cocaine, or marijuana. A secondary goal was to-

determine the accuracy of the DREs’ evaluations in detecting if
subjects had been dosed with ethanol, cocaine, or marijuana.
The ultimate goal of this and future studies is to refine the DEC

evaluation by determining which variables are best predictors of
drug intake across a range of drug classes, thereby aiding the
DRESs in their decision process.

Methods

Research subjects

Participants were 18 community volunteers (14 men, 4
women) who ranged in age from 23 to 40 years (mean = 30.5).
Before the study, subjects were given thorough psychiatric and
physical examinations and were interviewed about past and cur-
rent drug use. Subjects reported a history of alcohol use ranging
from 3 to 25 years (mean = 14.6), marijuana use ranging from 7
to 20 years (mean = 14.5), and cocaine use ranging from 1 to 15
years (mean = 6.7). During the 2 weeks before admission, sub-
jects reported using alcohol an average of 4.4 times, marijuana
an average of 3.8 times, and cocaine an average of 5.2 times. Six-
teen subjects were smokers who averaged 13 cigarettes per day.
Subjects provided written informed consent according to guide-
lines for the protection of human subjects of the Department of
Health and Human Services and were paid for their participation.

Drug Recognition Examiners

Twenty-eight DREs (25 men, 3 women) representing eight
states participated in the study. All DREs were certified according
to TACP standards (14). Certification requires 9 days of class-
room instruction on the DEC evaluation, relevant legal issues,
behavioral and physiolgical effects of the seven drug classes (see
Introduction), and a written examination. Candidates are then re-
quired to complete a minimum of 12 DEC evaluations on ar-
rested individuals. They must evaluate persons under the influ-
ence of at least three of the seven drug classes, and 75% of
evaluations must be corroborated by toxicological analysis. A

- final written examination must also be passed.

In this study, DREs had no contact with research subjects hefore
or after the DEC evaluation. DREs were told that the study might
involve ethanol and five classes of drugs (CNS depressants, CNS
stimulants, phencyclidine, narcotic analgesics, and cannabis),
that all combinations of ethanol and those drugs couid be admin-
istered, and that, on some sessions, subjects would receive no
active drug, DREs were not permitted to interrogate subjects,
except for two questions about physical defects and vision prob-
lems. They were also instructed not to converse with other DREs
in forming their opinions about behavioral impairment and the
drug class causing the impairment. They were observed at all
times by the NHTSA supervisor to ensure compliance with these
instructions and proper conduct of the modified DEC evaluation.

Drug administration

Ethanol was administered as 80-proof vodka mixed with
Sprite® (250-mL constant volume) in doses of 0.28 and 0.52
g/kg. These doses were selected to produce peak BACs of about
30 and 60 mg/dL, respectively. Placebo consisted of 250 mL
Sprite® with 1-2 mL of 80-proof vodka floated on the surface.
Subjects drank the beverage gradually over a 5-min period.
Subjects swallowed two opaque gelatin capsules, which always
contained inactive lactose, as they were drinking the beverage.
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Cocaine hydrochloride (Mallinkrodt Medical, St. Louis, MO)
was administered intranasally in doses of 4, 48, and 96 mg/70 kg.
Doses were calculated on the basis of the salt. Lactose was added
to the lower doses to maintain a constant amount of 96 mg/70 kg.
The 4 mg/70 kg dose was used as a placebo because it has been
shown to numb the nasal mucosa but not to produce measur-
able plasma cocaine levels or subjective and cardiovascular ef-
fects (15). Subjects were given the powder on paper and prepared
two lines using thin cardboard. When instructed, subjects in-
sufflated one line into each nostril using a straw within 2 min.

Marijuana cigarettes were supplied by the National Institute on
Drug Abuse (Rockville, MD) and contained either 0 (placebo),
1.75, or 3.55% THC by weight, equivalent to approximately 0, 16,
and 32 mg THC, respectively. Two marijuana cigarettes (total of
16 puffs) were smoked according to a paced procedure: 40-s in-
terpuff interval, ad lib puff duration, 10-s breathhold duration
(16). This resulted in complete or nearly complete pyrolysis of
each cigarette. Total smoking time was approximately 12 min.

Doses were administered under double-blind conditions ac-
cording to a randomized, Latin square design. Drug was ad-
ministered in four forms at each session: beverage, capsules,
powder, and cigarettes. For each session, only one drug was ac-
tive, the others placebo. Drug administration lasted 20 min,
and the order was always ethanol, capsules, cocaine, and mari-
juana, based on time to peak drug effect and duration of behav-
_ ioral intoxication.

Experimental

Subjects were informed that the purpose of the study was to
“investigate the effects of commonly abused drugs on behavior,
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mood, and performance. Subjects were told that they would be
observed by law enforcement officials who would attempt to

- determine if they had received active drug(s). They were in-

structed not to discuss with the DREs what drug(s) they thought
they received. Each subject participated in nine 6-h sessions,
which were separated by at least 48 h. Subjects were instructed
not to use any illicit drug or alcohol within 24 h of experi-
mental sessions. Subjects reported to the laboratory by 8:00
a.m. and were discharged that same afternoon after drug effects
had dissipated. Research staff evaluated subjects to determine
physical and mental status, If this evaluation determined that a
subject was unable to be tested, the subject was sent home, and
that session was rescheduled. If subjects passed the evaluation,
they provided an observed urine specimen and submitted to an
ethanol breath test using a hand-held Alco-sensor III (In-
toximeters, St. Louis, MO). If the breath reading exceeded
0.00%, the subject was sent home and the session rescheduled.
Urine drug testing was performed with immunoassays (EMIT®
11 reagents; Syva Co., San Jose, CA) for amphetamines, barbitu-
rates, benzodiazepines, cocaine metabolites, methadone, opiates,
phencyclidine, and cannabinoids. An indwelling catheter was
then inserted in a nondominant forearm vein. A battery of mea-
sures (vital signs, pupillometry, blood, subjective ratings, and
performance) was assessed predrug and at specific postdrug
times. The DEC evaluation began 10 min after drug adminis-
tration ended and lasted about 25 min.

DEC evaluation
The protocol was an abridged version of the DEC evaluation
used in law enforcement confexts (8). In this study, DREs did not
question subjects about recent drug use, nor did they infer-
rogate subjects to solicit admissions about drug use. DREs
recorded their observations on an evaluation

Table I. Mean* (Standard Error) Data of 17 Variables from DEC Evaluation that form that was developed for the DEC
Best Predicted Presence or Absence of Ethanol program (8_)' ) ) )
The preliminary portion of the evaluation
Ethanol dose (g/kg) %astec; %—4 min anil began with a t(nreath test
. or BAC using an Alco-sensor IV (Intoxime-
DEC Variable 0 028 052 ters). DREs recorded information about phys-
Horizontal gaze nystagmus 0.6(0.2) 23(04) 3.2(0.3) | ical defects, corrective lenses, appearance of
Breath, normalt 63.0 (0.1) 1.10.) . 5.5(0.1) | the eyes, and visual impairment. Using a
Walk and tumn cues 2.1(0.5) 25(0.9) 3.4 (0.9) | pencil, DREs assessed eye tracking and
internal clock 28.1 (1.4) 309 (4.3) 29.6 (2.7) | nystagmus, pupillary size, and condition of
One leg stand aborted? 94.4 (0.03) 100.0 (0.0) 94.4 (0.1) | eyelids. Pulse was measured while subjects
Oral temperature (°F) 97.6 (0.1) 97.5(0.1) 97.5 {(0.1) were seated. )
Sum of pulses 199.5 (3.6) 203.9(5.3) 213.2 (7.4) The next segment involved examination of
x;fe'c?ormf” i 944 (8'83) 9‘;'2 (3‘1) 88.9 (g‘l ) | the eyes and performance of four FSTs, which
R flude, retaxe 74004 b0.1) 110D 1 fasted 15 min. Subjects’ eyes were tested for
ebound dilation of eyes? 27.8(0.1) 16.7(0.1) 11.1 (0.1) . .
Speech, slurred! 1.9 (0.02) 11.1(0.1) 278 (01) | horizontal gaze nystagmus, vertical nys-
Turn errorst 55.6 (0.1) 50001 667 (.1 | tagmus, and convergence. The FSTs were
Breath, cigaretie! 3.7 (0.03) . 00(00) 5.6 (0.1) | Romberg Balance (RB), Walk and Turn (WT),
Muscle tone, abnormal* 13.0(0.1) C2200) 44.4 (0.1) | One Leg Stand (OLS), and Finger to Nose
Speech, confusedt 9.3 (0.04) 16.7 (0.1) 11.1 (0.1) | (FN). The RB assessed body sway and tremor
One leg stand countt 85.2 (0.1) 88.9(0.1) 77.8 (0.1) | while subjects stood for 30 s with feet together,
Walk and turn steps* 94.4 (0.03) 94.4(0.1) 94.4 (0.1) | arms at sides, head tilted back, and eyes closed.
R The WT test required subjects to take nine
1 Data are percentage of cases exhibiting variable. heel-to-toe Steps EllOl’lg a straight line marked
on the floor, turn, and return with nine heel-

470

e —— e ———

PR N P -



Journal of Analytical Toxicology, Vol. 20, October 1996

to-toe steps. The OLS assessed balance by having subjects stand
on one leg, with the other leg elevated in a stiff-leg manner 15 cm
off the floor for 30 s. Subjects were given a brief rest between right
and left leg testing. In the FN test, subjects stood as in the RB and
brought the tip of the index finger of the left or right hand
(as instructed) directly to the tip of the nose. DREs then rneasured
pulse, blood pressure, and oral temperature..

The final portion involved further examination of the eyes and
lasted about 8 min. Using a hand-held template, DREs esti-
mated the diameter of each pupil to the nearest 0.5 mm under
conditions of ambient room light, nearly total darkness, indirect
light, and direct light. While illuminating the eyes under direct

. light from a penlight for 15 s, DREs assessed constriction of the

pupils and fluctuation of pupillary diameter. Lastly, DREs mea-
sured pulse and assessed muscle tone, attitude, coordination,
speech, breath odor, and facial appearance.

DREs retired to an isolated room to decide if subjects were im-
paired. If a conclusion of impaired was reached, DREs recorded
their prediction of the drug class(es), including ethanol, that
were causing the impairment. If a conclusion of not impaired
was reached, DREs could indicate a non-impairing dose of
ethanol or drug and identify the drug class.

Collection and analysis of blood samples
Blood samples were collected on ice in 7-mL Monoject®

(Sherwood Medical, St. Louis, MO) tubes containing sodium
fluoride and potassium oxalate. Samples were centrifuged, and
the plasma was transferred to silanized borosilicate tubes for
storage at —20°C. Samples were analyzed at the Center for
Human Toxu:ology (Salt Lake Cxty, UT)
Ez‘hanol : a

Plasma (O 5 mL) was analyzed for ethanol concentration
with the Abbott TDx® (Abbott Diagnostics, Chicago, IL) auto-
mated REA® immunoassay (17-19). The TDx® instrument was
calibrated from 25 to 300 mg/100 mL ethanol. Each batch of
samples contained quality control samples at concentrations of
40, 100, and 250 mg/100 mL. The limit of quantitation (LOQ)
was 10 mg/100 mL. Intra- and interassay percent coefficients of
variation (%CV) at the three ethanol control concentrations
were less than 8.5.

Cocaine

Analysis of cocaine, benzoylecgonine (BZE), and ecgonine
methylester (EME) was performed by solid-phase extraction
(SPE) and positive-ion chemical-ionization mass spectrometry
(20) using 1-mL aliquots of controls, calibrators, and subject
plasma. Drug-free plasma was fortified with drug reference so-
lutions to produce calibration curves from 5 to 500 pg/L. Con-
trols were analyzed at 25, 100, and 300 pg/L. Plasma samples sus-
pected of containing concentrations exceeding

Table I1. Results of Discriminative Function Analysis of 17 Predictor Variables 500 pg/L were diluted with drug-free plasma,
and 5 Best Predictors from DEC Evaluation for Ethanol and a 1-mL volume of the dilution was ex-
tracted. Deuteriurmn-labeled cocaine, BZE, and
Ethanol: 17 variables EME were used as internal standards. Samples
were derivatized with N-methyl-N-(tert-
Sensitivity =94.4 butyldimethylsilyl)-trifluoroacetamide prior
Specificity = 92.6 to gas chromatography-mass spectrometry
False pos. = 7.4 Predicted condition (GC-MS) analysis (21). The analyses were per-
False neg. = 5.6 not dosed dosed with formed using a Finnigan MAT {San Jose, CA)
Efficiency =93.3 with drug drug 4500 MS equipped with a 9610 GC, INCOS
software, and a CTC A200S (Finnigan MAT)
not dosed autosarmpler. The MS was operated in the pos-
with drug 50 4 itive-ion detection mode with a combination
Actual of methane and ammonia as the reagent gas.
condition  gogsed with ? 34 - | Chromatographic separation was achieved on
drug a 15-m x 0.32-mm DB-5% fused-silica capil-
lary column (J&W Scientific, Folsom, CA).
] . The LOQ for cocaine and metabolites was 5.0
Ethanol: 5 variables pg/L. For all analytes at 10, 25, 100, and 200
‘ ng/L, the intra- and interassay %CVs were less
sensitivity =80.6 than 8.8 and from 6.5 to 12.7, respectively.
Specificity =92.6 :
Ez:zz 22; :];i Predicted condition . Man'jua;?a
Eficiency = 87.8 notdosed  dosed with Analysis of THC and 11-nor-9-carboxy-A%-
with drug drug tetrahydrocannabinol (THCCOOH) was per-
formed by SPE and negative ion chemical
not dosed ionization MS (22,23) using 1-mL aliquots of
with drug 50 4 . .
Actual _ controls, calibrators, and subjgc’g plasma. Cal-
condition gosed with ‘ ibrators were prepared by fortlfylng drug-free
erg 7 29 plasma with THC and THCCOOH in the con-
centration range of 0.5 to 100 pg/L. Controls
were analyzed at 5 pg/L for THC and 20 pg/L
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for THCCOOH. Samples suspected of containing concentra-
tions exceeding the calibration curve were diluted with drug-free
plasma, and a 1-mL volume of the dilution was extracted. Deu-
terium-labeled THC and THCCOOH were used as internal stan-
dards. The eluant from the SPE was divided into two equal frac-
tions. One fraction was derivatized with trifluoroacetic
anhydride for the quantitation of THC. The second fraction,
containing THCCOOH, was derivatized with BFy-methanol and
then with trifluoroacetic anhydride. The GC-MS analysis used
the instrumentation described previously for cocaine; however,
for this analysis, the MS was operated in the negative ion de-
tection mode with methane as the reagent gas. Chromato-
graphic separation was achieved on a 15-m x 0.32-mm DB-1®
fused-silica capillary column (J&W Scientific) with a 1-pm film
thickness using hydrogen as the carrier gas. The LOQ for THC
was 0.5 pg/L and was 1.0 pg/L for THCCOOH. Interassay %CVs
at 1.6 pg/L were 8.6 and 7.0 and at 25 pg/L were 9.5 and 1.6 for
THC and THCCOOH, respectively. ’

Data analysis

The DEC examination yielded 100 var 1ab1es, which were trans-
formed into 76 variables to approximate the DREs’ evaluation
process. The transformed data from 9 sessions for 18 subjects
yielded a data set containing 162 cases. Analysis of plasma sam-
ples indicated that two subjects absorbed little or no THC from
marijuana cigarettes; both active, but not placebo, marijuana
sessions for the two subjects were excluded from all statistical
and descriptive analyses. Thus, marijuana data were analyzed for
16 subjects, and there was a total of 158 valid cases.

The transformed data were subjected to three forward step-
wise discriminant analyses (24) that reduced the transformed
data to subsets of 17-28 variables comprising the best predictors
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of the presence or absence of each of the three study drugs.
These subsets of best-predictor variables for each drug were

- then subjected to separate discriminant function analyses that

predicted and classified whether subjects were dosed or not
dosed with each drug. Similar discriminant function analyses
were then conducted using only the five best predictors for each
drug. The resultant data were interpreted using the following
definitions:

* True positive (TP). Subjects were dosed with active drug and
identified as dosed.

‘¢ True negative (TN). Subjects were not dosed with active
drug and identified as not dosed.

¢ False positive (FP). Subjects were not dosed with active
drug and identified as dosed.

e False negative (FN). Subjects were dosed with active drug
and identified as not dosed.

~ The above parameters were then used to calculate the fol-
lowing measures of predictive accuracy of the DEC evaluation
(25,26):

» Sensitivity. TP x 100/(TP + FN) = the incidence of TP results
in the sample when the evaluation was conducted with
dosed subjects (ie., the probability that a dosed subject was
identified as dosed).

o Specificity. TN x 100/(TN + FP) = the incidence of TN re-
sults in the sample when the evaluation was conducted
with non-dosed subjects (i.e., the probability that a non-
dosed subject was identified as not dosed).

o False positive rate. FP x 100/(FP + TN) = the percentage of
subjects in the sample identified as dosed by the evaluation

when they were not dosed.

[ ] =
Table 111. Mean* (SE) Data of 17 Variables from DEC Evaluation that Best f‘lis;;,igefgggff sgg ;:t}sogr/l(fl'll\i :gl))le
Predicted Presence or Absence of Cocaine identified as not dosed when they were
. dosed.
—— — d";‘; (ng/70 kg - o Efficiency. (TP + TN) x 100/(TP + TN +
FP + FN) = the percentage of all subjects
Sum of blood pressures 198.0 2.6) 2077 (49) 2137 (4.6) in the sample identified accurately,
Sum of pulses 1995 (3.6) 2109(7.8) 2221 (6.1) whether dosed or not dosed.
Oral temperature (°F) 97.6(0.1) 97.2(0.2) 97.2(0.2)
Eyes, normalt 61.1(0.1) 33.3(0.1) 44.4(0.1)
Sum of pupil diameters ' 39.8 (0.8) 40.8 (1.4) 427 (1.4) Results
Breath, marijuanat 27.8(0.1) 27.8(0.1) 16.7 (0.1)
Breath, normalt 63.0 (0.1) 389(0.1) 667(0.1) | Plasma data
Sum of left and right eye range® 23.2(0.1) 13.90.1) 13.9 (0.1} During each experimental session, eight
Muscle tonE, abnormalt 13.0(0.1) 27.8(0.1) 44,4 (0.1) blood samples were obtained at predrug
Sway, Romberg balance 1.3(0.2) 1.0(0.3) 1.3{0.3) : 16 AR &f. 110. )
Walk and turn steps* 94.4(0.03) 94.4(0.1) 9.4 (0.1) Bgi)e?nnliaﬁtldrjg ffo’rgolétlel?e’ ;Ztoo}iﬁ‘i
speech, low volumet 185 (0.1) 1.1 (0.1) 16701) | & plu tic dat ll% blp 2ol
Face, flushed or red! 19002 11.1(0.1) © 56(01) | Pharmacokinetc data witl be pubishec e1se-
One leg starid cues 25(0.5) 1.8 (0.4) T406 | where We report here plasma drug concen-
Speech, confused" 9.3 (0.04) 16.70.1) 11.10.1) | tration from the 16-min postdrug sample,
Attitude, relaxed" 7.4(0.04) 5.6(0.1) 56(0.1) | which was obtained halfway through the
Rebound dilation of eyes' 27.8(0.1) 33.3(0.1) 27.8(0.1) | DEC evaluation.
- Ethanol (0.28 and 0.52 g/kg) produced
t B;t; gre percentage of cases exhibiting variable. mean :I: standard error (SE) peak plasrna con-
centrations of 24.3 + 2.2 and 54.4 + 6.0 mg/dL,
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respectively, at 16-min postdrug, which was about 30 min after

drinking ended. Ethanol concentration declined over the course

of the session, reaching baseline levels at 170- (low dose) and
260-min (high dose) postdrug.
At 16-min postdrug, cocaine (48 and 96 mg/70 kg) produced

' mean plasma concentrations ‘of 74.7 +-7.2.and 180.5 + 17.1

ng/mL, respectively. Placebo cocaine (4 mg/70 kg) did not pro-
duce measureable plasma levels of cocaine or cocaine metabo-
lites. Peak cocaine plasma levels were obtained at 45-80 min. At
16 min, BZE concentrations were 95.4 = 27.7 and 210.7 + 47.3
ng/mL, and EME levels were 10.8 + 3.0 and 26.1 + 6.3 ng/ml. for

low- and high-dose cocaine, respectively.

Marijuana produced peak plasma concentrations immedi-
ately after smoking, which declined at 16 min to 15.4 + 3.0 and
28.2 + 4.2 ng/mL for 1.75% and 3.55% THC, respectively. Con-
centrations of THCCOOH reached maximum concentrations of
18.4 + 3.6 and 27.7 + 4.2 ng/mL at 16 min after low and high
marijuana doses, respectively.

DEC evaluation

Ethanol

The stepwise discriminant analysis of the 76 transformed
variables resulted in a subset of 17 variables that were the best
predictors of the presence or absence of ethanol (Canonical

R = .85, p < .001). Results of the breathalyzer reading were not
included in the analysis because it was a direct indicator of
ethanol administration. Table I presents these 17 variables in de-
scending order of predictive weight and also presents mean
values for each variable for placebo, low, and high ethanol doses.
A brief description of these variables follows: presence of hori- -
zontal gaze nystagmus, abnormal breath odor, increased errors
on WT test, estimation of 30 s during RB test, inability to com-
plete OLS test, low oral temperature, increased sum of three
pulse recordings, abnormal facial appearance, relaxed attitude,
lack of rebound dilation of the pupils under direct illumination,
slurred speech, increased errors on executing the turn on WT
test, cigarette breath odor, abnormal muscle tone, confused
speech, miscounting during OLS test, and number of steps in
WT test.

The discriminant function comprising these 17 variables pre-
dicted the presence or absence of ethanol with extremely high
accuracy (Table IT). The model was equally accurate in predicting
the presence (sensitivity) and absence of ethanol (specificity);
false positive and false negative rates were very low. The discrim-
inant function using the five best predictive variables (Canonical
R =.77,p < .001) resulted in less sensitivity and a greater false-
negative rate than the 17-variable model (Table II). Specificity and
false positive rate were the same for both models, whereas overall
predictive efficiency was slightly less with the 5-variable com-

pared with the 17-variable model.

Table IV. Results of Discriminative Function Analysis of 17 Predictor Variables
and 5 Best Predictors from DEC Evaluation for Cocaine Cocaine

The stepwise discriminant analysis of the
Cocaine: 17 variables 76 transformed variables resulted in a subset
of 17 variables that were the best predictors
Sensitivity = 88.9 of the presence or absence of cocaine
Specificity =96.3 (Canonical R = .78, p < .001). Table III pre-
False pos. = 3.7 Predicted condition sents these 17 variables in descending order
Fal_sg neg. =11.1 not dosed dosed with of predictive welgbt and also presents mean
Efficiency =93.3 with drug drug values for each variable for placebo, low, and
high cocaine doses. A brief description of
not dosed these variables is as follows: increased sum of
with drug 52 2 systolic and diastolic blood pressure, in-
Actual creased sum of three pulse recordings, low
condition  gosed with 4 39 oral temperature, eyes that did not appear
drug normal, sum of the pupillary diameter mea-
sures during four illumination conditions,
. . breath odor that was not marijuana-like, ab-
Cocaine: 5 variables normal breath odor, sum of the pupillary di-
ameter range of left and right eyes, abnormal
Sensitivity =75.0 muscle tone, decreased body sway during RB
Specificity = 83.3 test, number of steps in WT test, speech that
Ez:zz 22;' j ;gg Predicted condition - was not low in volume, facial appearance that
Eﬁiciency. 800 notdosed  dosed with was flushed or red, decreased errors on OLS
with drug drug test, confused speech, attitude that was not
relaxed, and rebound dilation of the pupils

nwcjihd Z:S 45 9 under direct illumination.
Actual The discrliminant fgnction comprising
condition  gosed wih these 17 vanab!es pr'edlct.ed the presence or
g 9 27 absence of cocaine with high accuracy (Table
IV). The model had greater specificity than
sensitivity and a very low false-positive rate.
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The discriminant function using the five best predictive vari-
ables (Canonical R = .65, p < .001) was less accurate in pre-
dicting the presence or absence of cocaine compared with the 17-
variable model (Table IV). Decreases were especially evident in
sensitivity with increases in false-positive and false-negative rates.
As a result, predictive efficiency of the 5-variable function was less
than that of the 17-variable model.

Marijuana

The stepwise discriminant analysis of the 76 transformed
variables resulted in a subset of 28 variables that were the
best predictors of the presence or absence of marijuana
(Canonical R = .92, p < .001). Table V presents these 28 best-
predictor variables in descending order of predictive weight
and also presents mean values for each variable for placebo,
low, and high marijuana doses. A brief description of these
variables is as follows: increased sum of three pulse recordings,

droopy eyelids, low oral temperature, abnormal speech, lack of ’

rebound dilation of the pupils under direct illumination, sum
of the pupillary diameter measures during four illumination
conditions, increased sum of systolic and diastolic blood pres-
sure, low volume speech, increased body sway during RB test,
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incoherent speech, abnormal pupillary reaction to light, eyes
that did not appear normal, bloodshot eyes, abnormal muscle
tone, miscellaneous abnormal appearance of eyes, abnormal fa-
cial appearance, increased eye or body tremors during FN test,
increased errors on executing the turn on WT test, less than
the complete number of steps in WT test, decreased errors on
FN test, increased errors on WT test, marijuana breath, ab-
normal breath odor, lack of hippus of the pupils under direct
illumination, failure of eyes to converge, stale breath odor,
cigarette breath odor, and slurred speech.

Table VI shows that the discriminant function comprising
these 28 variables predicted the presence or absence of mari-
juana with extremely high accuracy, resulting in minimal false
positive and false negative rates. The discriminant function
using the five best predictive variables (Canonical R = .78,
p < .001) resulted in only slightly less sensitivity and specificity
compared with the 28-variable model; false positive and false
negative rates were low (Table VI). Predictive efficiency was
high with both models.

DRE predictions

Table VII presents drug dose admlmstered predose urine

drug test results, DRE prediction of drug

Table V. Mean* (Standard Frror) Data of 28.Variables from DEC Evaluation that | Eéis(f;eg} gilelgigﬁolrrln\?\i&rntzr;{?(: jlr;) (;yc?gﬁfé
Best Predicted Presence or Absence of Marijuana IACP standards for each of the 162 experi.
Marijuana dose (% THC) mental sessions. Tabfle}\fIII agd Figure 1 dpre-
. > sent summaries of these data regarding
DEC Variable ° 17 355 DREs’ predictions. Table VIII shows the
Sum of pulses 199.5 (3.6) 2446 (11.2) 2625 (9.5) | number of impairment and no impairment
Eyelids, droopy* 14.8 (0.1) 56.3(0.2) 500 (0.1) | decisions when placebo or any active drug
Oral temperature ('F) 97.6 (0.1) 97.5(0.2) 973 (©0.3) | was administered in the session. For these
Speech, normalt 64.8 (0.1) 25.0(0.1) 3(0.1) | data, sensitivity and specificity were relatively
Rebound dilation of eyest 27.8(0.1) 6.3(0.1) 18 80.1) | low, and false positive and false negative rates
Sum of pupil measures 39.80.8) 41.3(1.0 429 (17) | were high. Figure 1 shows DRE decisions for
Sum of blood pressures 198.0 (2.6) 205.3 (6.8) 209.0 (6.9) each drug as a function of dose. Although
Speech, lovg VO]E'”le* 18.5(0.1) 250(0.) 188 0.1) | DREs knew the BAC reading, a substantial
Sway, Romberg balance 13002) 1704 2304 1 ymber of subjects dosed with active ethanol
Speech, incoherent! 1.9(0.02) 6.3(0.1) 12.5 (0.1) . . .
Pupil reaction to light, abnormalt 33.3(0.1) 68.8 (0.1) 563 (0.1) | Were judged not lm_palred; h_owever, th?re
Eyes, normalt 61.1(0.1) 37,5 (0.1) 18.8(01) | Wasa d'ose—r_elated increase in ethanol-in-
Eyes, bloodshott 1.9(0.02) 125 (0.1) 125 0.1) | duced impairment decisions. DREs con-
Muscle tone, abnormalt 13.0(0.1) 438(0.1) 438 (0.1) | cluded that the majority of subjects dosed
Eyes, othert 3.7 (0.03) 125(0.1) 0.0 (0.0) | with cocaine were not impaired. Across the
Face, normalt 94.4 (0.03) 68.8(0.1) 875 (0.1) | three doses, DREs concluded that subjects
Tremors, finger to noset 33.3(0.M) 50.0(0.3) 3750.2) | were dosed with drugs other than cocaine
Turn errors® 556(0.7) 625(0.1) 750 0.1 | more than with cocaine. Decisions regarding
Wal|< and turn stepst 94.4 (0.03) 93.8 (0.1) 93.8 (0.1) marijuana showed orderly dose-related
\F/:/”‘Igfr todnose cues’ 16.7(0.1) 6.3(0.1) 188(0.1) | trends; predictions of impairment due to
alk and rn cues 2109 43(09) >007) marijuana increased and predictions of no
Breath, marijuana® 27.8(0.1) 31.3(0.1) 31.3(0.1) . . . .
Breath, normal* 63 0(0.1) 500 (0.1) 375 (0.1) .impairment decreased with marijuana dose.
Hippust Cw 74004 63(0.1) 630) To obtain and maintain IACP certification,
Convergence of eyes’r ' S 241 {0.1) 31.30.1) 0.0 (0.0) DRES’ dlUg class PredlCtlons must be con-
Breath, stalet 7(0.03) 6.3(0.1) 250(0.1) | sistent with toxicological analysis. Consis-
Breath, cigarettet 7{0.03) 630 63(0.1) | tency does not require DREs’ predictions to
Speech, slurred? 9(0.02) 63(0.1) 31.3(0.1) | correspond exactly to the drugs identified in
16 toxicological tests of body fluids. Under IACP
* Data are percentage of cases exhibiting variable. standards (14)’ the fOHOWiI]g rules apply: (a)
if the DRE concludes a subject is impaired by
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only one drug class, toxicology must confirm some drug in
that class; (b) if the DRE names two drug classes, toxicology
must confirm at least one of them; and (c) if the DRE names
three or more drug classes, toxicology must confirm at least
two. DREs are not expected to identify all drugs taken by a
subject, only those that account for the observed impairment.
The rulés for consistency treat ethanol as a special case. Because
DREs administer a breath test, they know if the subject has in-
gested ethanol. Thus, if the DRE names ethanol and some other
drug class, toxicology must confirm the other class, and if the
DRE names ethanol and two other classes, toxicology must
confirm at least one of the other classes. IACP standards accept

‘a quantitative or qualitative analysis of blood, urine, saliva, or

any body tissue or fluid that produces an identification of a drug
or metabolite to confirm the DRE’s opinion.

Of the 158 valid DEC examinations, DREs concluded im-
pairment was present in 81 cases, which were compared with
toxicology to assess the consistency of DREs’ predictions. Tox-
icology confirmed the presence of a drug class if (a) an active
dose of that drug was administered on that session or (b) the
predose urine drug test for that session was positive for the drug
class. Of the 81 impairment predictions, toxicology was positive
for any drug(s) in 75 cases (92.6%). Under IACP standards,
DRESs’ predictions were consistent with toxicology in 41 cases
(50.6%). These 41 consistent cases included 9 in which the

DRE concluded the subject was impaired by ethanol alone. Be-
cause the DRE's breath test provided a priori confirmation of
ethanol, an ethanol-only prediction was guaranteed to be con-
sistent. Excluding those 9 cases resulted in 72 predictions that
named some nonethanol drug class. The DREs’ predictions
were consistent with toxicology in 32.cases (44.4%),

" Drug metabolites identified in the predose urine tests were
responsible, in part, for the consistency of the DREs' opinions
(see Table VII). Of the 81 impairment predictions, DREs cor-
rectly named the class of drug administered in the experi-
mental session 40 times. That includes 18 cases where the cor-
rectly named drug was ethanol. Thus, in 63 cases where the
DREs concluded impairment was not due to ethanol, they cor-
rectly named the class of drug administered 22 times (34.9%).
In 9 other cases, the DREs’ prediction was consistent only be-
cause it named one or more drug class found in the urine test,
which accounted for 29.0% (9 of 31) of the consistent predic-
tions that involved drugs other than ethanol.

Positive predose urine tests for drugs other than cocaine
metabolites or cannabinoids had little impact on the DREs’
consistency. Of the 158 total cases, 3 were positive for opiates;
in each case, the DRE concluded no impairment. Of the 81 im-
pairment predictions, DREs concluded 27 were under the in-
fluence of narcotics, depressants, or both, usually in combi-
nation with ethanol, stimulants, or marijuana. None of the 27
cases were confirmed by the urine drug test,

Table V1. Results of Discriminative Function Analysis of 28 Predictor Variables
and 5 Best Predictors from DEC Evaluation for Marijuana

Marijuana: 28 variables Discussion
Sensitvity =100.0 The gqals of this study were ’Fo deter.mine
Specificity = 9.1 the validity of the DEC evaluation var.labl_es
False pos. = 1.9 : bredicted condition and the accuracy of the DREs’ evaluation in
False neg. = 0.0 otdosed  dosed with predicting whether research volunteers had
Efficiency = 98.8 with drug iy been administered ethanol, cocaine, or mar-
& ijuana. Using discriminant function analysis,
not dosed it was found that 17-28 variables of the DEC
with drug 53 evaluation predicted the presence or absence
Actual of each of the three drugs with a high degree
condition  osed with of sensitivity and specificity and low rates of
' drug 0 32 false-positive and false-negative errors. The
five best predictive variables were nearly as
. accurate as the entire subsets of 17-28 vari-
Marijuana; 5 variables ables. When DREs concluded subjects were
impaired by ethanol or drugs or both, their
Sensitivity =90.6 predictions were consistent with toxicolog-
Specificity =92.6 ical analysis in 51% of cases. When ethanol-
Falsepos. = 7.4 Predicted condition only decisions, which were guaranteed to be
Fa]ﬁ? neg. = 9.4 not dosed dosed with consistent with toxicology, were excluded,
Efficiency =91.9 with drug drug DREs’ predictions were consistent in 44.0%

of cases.

not dosed Criterion-related validation procedures
with drug 50 4 were used to determine the validity of the
Actual : DEC evaluation. Criterion-related validity
condition  gosed with | 3 29 refers to accuracy of a test in predicting per-
drug formance by comparing actual performance
with an independent criterion, that the test is
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Table VII. Drug Administered, Predrug Urine Test, Drug Recognition Examiner (DRE) Prediction of Drug(s) Causing
Impairment, and Consistency of DRE Prediction with Toxicology According to IACP Standards for each Session for
18 Subjects
Subject Session Drug dose Urine drug test DRE Prediction Consistency
1 1 Cocaine-placebo Negative ni* nat -
2 Ethanol-placebo Negative ni na
3 THC*placebo Negative ni na
4 Ethanol-high Negative ni na
5 Cocaine-high Negative ni na
6 Ethanol-low Negative ni na
7 THC-low Negative Stim8 No
8 THC-high Negative Stim No
9 Cocaine-low Negative ni ' na
2 1 Ethanol-low Cann? Alch Yes
2 THC-low Cann Cann, Stim, Narc** No
3 Cocaine-low : Cann ni . ma
4 Ethanol-placebo Camn ni na
5 Cocane-placebo Cann ni na
6 THC-high Cann Stim, Cann Yes
7 Cocaine-high Cann ni na
8 THC-placebo Negative ni na
9 Ethanol-high Cann ni na
3 1 Ethanol-placebo Negative ’ ni na
2 THC-placebo Cmt ni na
3 Cocaine-placebo Negative ni na
4 THC-high M Stim Yes
5 Ethanol-high oY) Alc Yes
6 THC-low ™M Cann Yes
7 Cocaine-low CM ni na
8 Cocaine-high M ni na
9 Ethanol-low M ni na
4 1 THC-low ™ Depr# No
22 Fthanol-low M , . Alc, Cann No
3 THC-placebo CM, Cann ni na
4 Ethanol-placebo CM, Cann Cann Yes
5 Cocaine-high CM, Cann Depr, Cann Yes
6 Ethanol-high ™M Ale Yes
7 Cocaine-placebo CM, Cann ni na
8 Cocaine-low CM, Cann, Op% ni na
9 THC-high M Cann, Depr Yes
5 1 THC-hight M ni na
2 Cocaine-high M Cann No
3 Ethanol-high M Al Yes
4 THC-low## CM, Cann ni na .
5 Ethanol-low M Alc, Depr No
6 THC-placebo CM Cann No
7 Cocaine-placebo CM Stim Yes
8 Cocaine-low M } Cann No
9 Ethanol-placebo Stim, Cann Narc No
* ni = Not impaired
na = Not applicable. Consistency of DRE predlctlon applies only when impairment is observed
* THC = A%-tetrahydrocannabinol administered via smioked marljuana -
§ Stim = CNS stimulant,
# Cann = Cannabinoids.
I Alc = Alcohol (ethanol).
**Narc = Narcotic.
M = Cocaine metabolites.
HDepr = CNS depressant.
§§Op = Opiates.
## Session excluded from data analyses because of little or no THC absorption
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Table VII continued. Drug Administered, Predrug Urine Test, Drug Recognition Examiner (DRE) Prediction of Drug(s)

Causing Impairment, and Consistency of DRE Prediction with Toxicology According to IACP Standards for each Session for

18 Subjects :
Subject Session Drug dose Urine drug test DRE Prediction Consistency
6 T Cocaine-high Negative Cann® No
2 Ethanol-high Negative Alct, Cann, Depr No
3 THCS-high Negative Cann Yes
4 Cocaine-low Negative Cann, Stim* Yes
5 THC-low Negative Cann, Depr Yes
6 Cocaine-placebo Mt Stim, Depr Yes
7 Ethanol-placebo Negative Depr No
8 Ethanol-low Negative Alc, Cann No
9 THC-placebo Negative Depr, Cann No
7 1 Ethanol-high Negative Alc Yes
2 THC-high Negative Cann Yes
3 Cocaine-high Negative Stim Yes
4 Fthanol-low ™M Alg, Stim Yes
5 Cocaine-low ™M ni na
6 Ethanal-placebo CM Depr, Cann No
7 THC-placebo M Depr, Cann No
8 THCHow Negative Depr, Stim No
9 Cocaine-placebo Negative ni** na't
8 1 Ethanol-high Negative Alc Yes
2 THC-placebo Negative’ ni na
3 Cocaine-placebo M ni na
4 Cocaine-high Negative ni na
5 THC-high CM, Cann Cann Yes
6 THC-low ™M Depr No
7 Cocaine-low M ni na
8. Ethanol-low Negative ni na
9 Ethanol-placebo M ni na
9 1 Cocaine-high Negative Cann No
2 Ethanol-placebo Negative Narc¥, Cann No
3 THC-placebo Negative ni na
4 THC-high Negative Stim No
5 Ethanol-high Negative ni na
6 Ethanol-low CM, Op% ni na
7 THC-low CM ni na
8 Cocaine-low Negative ni na
9 Cocaine-placebo Negative ni na
10 1 Ethanol-placebo CM Cann No
2 Cocaine-low CM, Cann Stim Yes
3 Ethanol-low CM, Cann ni na
4 Cocaine-placebo . ™M ni na
5 THC-placebo CM, Cann ni na
6 Cocaine-high M ni na
7 Ethanol-high M Alc Yes
8 THC-high CM, Cann Cann Yes
9 THC-low CM, Cann ni na

* Cann = Cannabinoids.
1 Alc = Alcohol (ethanal).
* Depr = CNS depressant.

§ THC = A%-tetrahydrocannabinol administered via smoked marijuana.

# Stim = Stimulant.

IV CM = Cocaine metabolites.

**ni = Not impaired.

na = Not applicable. Consistency of DRE prediction applies on!

HNarc = Narcotic.
$50p = Opiates.

ly when impairment is observed.
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Table VI continued. Drug Administered, Predrug Urine Test, Drug Recognition Examiner (DRE) Prediction of Drug(s)
Causing Impairment, and Consistency of DRE Prediction with Toxicology According to IACP Standards for each Session for
18 Subjects
Subject Session Drug dose Urine drug test DRE Prediction Consistency
11 1 Ethanol-low Negative Alc*, Deprt No
2 Cocaine-high Cm# Cann$ No
3 Ethanol-high Negative Alc Yes
4 Cocaine-low Negative Cann, Depr No
5 THCH-lows$ Negative Cann, Depr Yes
6 THC-placebo ™M Depr No
7 Cocaine-placebo M Narc, Depr No
8 Ethanol-placebo CM ni** natt
9 THC-high%§ M Stim™, Narc Yes
12 1 THC-placebo ™M Cann No
2 Ethanol-low CM, Cann ni na
3 THC-low CM, Cann Stim, Cann Yes
4 Ethanol-placebo M ni na
5 Cocaine-placebo Negative Stim No
6 Ethanol-high ™ Alc Yes
7 THC-high ™ Cann Yes
8 Cocaine-high ™M ni na
9 Cocaine-low Negative Cann No
13 1 THC-placebo Cann Cann, Stim Yes
2 Cocaine-placebo ™M Cann No
3 Ethanol-placebo M Cann No
4 Cocaine-high - CM, Cann Stim Yes
5 THC-high M Cann Yes
6 Cocaine-low Negative ni na
7 Ethanol-low ™M ni na
8 Ethanol-high Stim, Cann ni na
9 THC-low M Stim, Cann Yes
14 1 Cocaine-placebo ™ Cann No
2 THC-high Negative Cann, Stim Yes
3 Ethanol-placebo Negative Cann, Stim, Narc No
4 Ethanol-high Negative Alc, Depr No
5 Cocaine-high ™ ni na
6 Cocaine-low ™M ni na
7 Ethanol-low Negative Alc, Cann No
8 THC-low Negative ni na
9 THC-placebo ™ ni na
15 1 THC-placebo Negative Cann No
2 Cocaine-placebo Cann Cann Yes
3 Cocaine-low Cann Cann, Depr Yes
4 THC-high Cann Cann Yes
5 Cocaine-high Cann ni na
6 THC-low Cann ni na
7 Ethanol-low Cann ni na
8 Ethanol-placebo Cann ni na
9 Ethanol-high Cann Alc, Cann, Depr Yes
* Alc = Alcohol (ethanal).
Depr = Déepressant.
* CM = Cocaine metabolites.
§ Cann = Cannabinoids.
# THC = A%tetrahydrocannabinol administered via smoked marijuana.
Narc = Narcotic.
**ni = Not impaired.
na = Not applicable. Consistency of DRE prediction applies only when impairment is observed.
#5tim = Stimulant.
Session excluded from data analyses because of little or no THC absarption.
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designed to predict (27). Because the DEC evaluation is used to
predict drug intake, drug dose was chosen as the criterion mea-
sure in this study. Another criterion that could be used to validate
the DEC evaluation is behavioral impairment. However, this
would require a behavioral test that was independent of the DEC

. - evaluation and was sensitive to the impairing effects of ethanol,
- cocaine, and marijuana. Behavioral impairment is typically de-

fined by whatever ability (sensory, psychomotor, cognitive, etc.)
is being measured, and it is now clear that drugs differentially af-
fect various neuropsychological processes (28,29). Until a broad
range of drugs and doses are tested on the DEC evaluation and
independent performance tests under laboratory conditions, it is

~ difficult to assess the validity of the DEC evaluation with respect

to behavioral impairment criteria. Such validation is critically
needed, however, because the current means of confirming a
DRE’s prediction of impairment is the presence of parent drug or
metabolite in blood or urine, which, with the exception of

ethanol, provides little, if any, information concerning behavioral
impairment (11,30,31).

The validity of the DEC evaluation was examined by devel-
oping mathematical models based on discriminant functions
that identified which subsets of variables best predicted whether
subjects were dosed with placebo or each active drug. The sub- -
sets consisted of 17 variables for ethanol (Table I); 17 variables
for cocaine (Table IIT), and 28 variables for marijuana (Table V).
The greater number of variables for marijuana was probably due
to marijuana’s more pervasive effects. For all three drugs, the
discriminative function testing this subset of variables pre-
dicted the presence or absence of drug with a high degree of
sensitivity and specificity and low false-positive and false-neg-
ative rates (Tables II, IV, and VI).

One purpose of developing a predictive mode! was to reduce
the farge set of variables generated by the DEC evaluation to the
smallest subset of variables that would account for behavioral

Table VII continued. Drug Administered, Predrug Urine Test, Drug Recognition Examiner (DRE) Prediction of Drug(s)
Causing Impairment, and Consistency of DRE Prediction with Toxicology According to IACP Standards for each Session for
18 Subjects
Subject - Session Drug dose _ Urine drug test DRE Prediction Consistency
16 1 Cocaine-low Cann* nit nat
2 Ethanol-low CMS, Cann . ni . na
3 THC!-low Negative Narctt, Cann Yes
4 Cocaine-placebo Cann ni na
5 THC-placebo Cann ‘ ni ‘ na
6 Ethanol-high CM, Cann S na
7 THC-high Cann : ni na
8 Ethanol-placebo Cann . ni na
9 Cocaine-high CM, Cann Stim** Yes
17 1 THC-low CM, Cann Deprtt No
2 Ethanol-high ™M Depr, Cann No
3 THC-high CM, Cann ni na
4 Ethanol-low CM, Cann ni na
5 Cocaine-low Cann | ni na
6 Cocaine-placebo CM, Cann ni na
7 Ethanol-placebo CM, Narc ni na
8 THC-placebo ™ ni na
9 Cocaine-high CM, Cann ni na
18 1 Cocaine-placebo Negative ni na
2 THC-low Negative "~ Cann Yes
3 Cocaine-low Negative " oni na
4 THC-placebo Negative ni na
5 Ethanol-placebo Negative ni na
6 THC-high Negative Cann Yes
7 Cocaine-high Negative . ni na
8 Ethanol-high C™m ni na
g Ethanol-low Negative ni na
* Cann = Cannabinoids.
ni = Not impaired.
na = Not applicable. Consistency of DRE prediction applies only when impairment is observed.
CM = Cocaine metabolites.
# THC = A%-tatrahydrocannabinol administered via smoked marijuana.
' Narc = Narcotic.
**Stim = CNS stimulant.
™ Depr = CNS depressant.
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differences between conditions of drug and placebo. Because
the number of variables in the best-predictor subset was still
relatively large (17-28), it seemed desirable to reduce the subset
of predictor variables further. If the predictive accuracy of the
five best variables were comparable with that of the subset, it
would be easier for DREs to focus on five variables rather than
the entire subset. For ethanol, the specificity and false-positive
rate of the 17-variable model and the 5-variable model were
comparable; however, sensitivity was less with the 5-variable
model. For cocaine, the 17-variable model was superior to the
5-variable model on all measures of accuracy. For marijuana,
the predictive performance of the 28-variable model was com-
parable with that of the 5-variable model. However, if compar-
isons are ignored, the overall predictive efficiency of the 5-
variable model for each drug ranged from 80 to 92%, indicating
a high degree of predictive validity.

The predictor variables reflect some of the known effects of

each drug. Interestingly, three of the five best-predictor vari-
ables for ethanol (nystagmus, WT, and OLS errors) and cocaine
(increased blood pressure and pulse, pupillary dilation) are di-
agnostic criteria for ethanol and cocaine intoxication according
to the Diagnostic and Statistical Manual of Mental Disorders of
the American Psychiatric Association (32). Ethanol has been
shown to increase nystagmus and other eye movements (33,34),
and impairment on the WT and OLS tests is consistent with
ethanol-induced ataxia and loss of motor coordination (16,35).
Increased blood pressure and pulse are indicative of cocaine’s
cardiovascular effects (36), and increased pupillary diameter has
also been reported for cocaine (37). The slight improvement in
performance on the RB and OLS tests is consistent with reports
of cocaine and other stimulants enhancing psychomotor and at-
tentional abilitites (38,39). The best predictor of marijuana was
increased pulse, which is the most reliable physiological sign of
acute marijuana use (40,41). Marijuana has also been found to
produce pupillary dilation, nystagmus, and transient visual dis-
turbances (37). The marijuana-induced impairment observed in
this study on the FSTs and performance impairment reported
by others (42) may be related to impaired highway driving
caused by marijuana (43).

Journal of Analytical Toxicology, Vol. 20, Ociober 1996

The secondary goal of this study was to determine the accuracy
of the DREs' evaluations in detecting if an individual had been
dosed with ethanol, cocaine, or marijuana, When DREs judged
subjects as impaired, their drug class predictions were consistent
with toxicology in half the cases, and when ethanol-only decisions
were excluded, consistency fell to 44% of cases. Nearly one-third
of nonethanol impairment decisions were consistent because of
drug metabolites identified in predose urine specimens. However,
it is highly unlikely that this contributed to behavioral impair-
ment because the blood sample obtained at the time of the DEC
evaluation for each of these cases tested negative for the parent
drug. It is widely recognized that a positive urine drug test does
not indicate behavioral impairment (30,31).

The ethanol data indicated that some DREs concluded no im-
pairment in the face of measureable BACs, confirming that
low to moderate doses of ethanol were administered. In addi-
tion, the fact that an equal number of impairment and no im-
pairment decisions were made for ethanol suggests that these
doses represent a threshold for detection of behavioral impair-
ment with the DEC evaluation (see Figure 1).

These data clearly indicate that the variables of the DEC
evaluation alone did not permit DREs to predict impairment
and drug intake with the consistency that the IACP requires for
certification. There were several differences between the con-
trolled laboratory conditions of this study and the field condi-
tions under which DREs normally conduct the DEC evaluation
that may have contributed to this outcome:

e In this study, DREs evaluated research subjects who were
not dosed with active drug on some sessions. In the field,
there is preliminary evidence (e.g., impaired driving,
drugs or drug paraphernalia in possession) that makes
it more likely that the individual has used drugs, and
the DREs are aware of this before conducting the DEC
evaluation.

* In the field, the odor of marijuana on a suspect’s breath and
the presence of crystalline particles in the nostrils are
strongly indicative of marijuana and cocaine, respectively. In
this study, these easily observable cues were meaningless or

possibly misleading, despite the fact that

Any Active Dose of Ethanol, Cocaine, and Marijuana

Table VIil. DREs’ Predictions* When Subjects Were Administered Placebo or

DREs were instructed to ignore them.
e An abbreviated DEC evaluation was used

Sensitivity =56.7
Specificity =59.3
False pos. =40.7
False neg. =43.3

Predicted condition

in this study that was different from the
standardized test used in the field.

e In the field, DREs attempt to supplement
information from the DEC evaluation by
interviewing suspects and often receive

Efficiency =57.6 not dosed with  dosed with incriminating statements or confessions
drug drug of drug use; no such interviewing was
permitted in the study.
not dosed- OAJthough participating DREs were in-
A “with drug .32 2 - structed to.be conservative in assessing
Actual subjects’ impairment, the fact that their
condition  gosed with 45 59 conclusions would not lead to prosecu-
drug tion or conviction may have led them to

*A prediction of a subject being dosed with a drug was equivalent to a prediction of impairment.

speculate more freely about a subject’s
dose condition than they would in an ac-
tual law enforcement context.
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* Although the doses of cocaine and marijuana in this study
were moderate to high, suspected drug-impaired drivers
encountered by DREs may have used greater drug doses or
have been using drugs for a longer period of time than did

o Notldosgd (not impaired)
H Dosed with administered drug
Dosed with other drug

A Fthanol

Number of cases
»
1

2 4
0 . .
Placebo Low High
12 4 ) E—
1
104 (B Cocaine

Number of cases
®
1

2
0
Placebo Low High
12 4
= € “Marijuana
10 4

Number of cases
o
1

Placeho Low High

Figure 1. Number of cases in which DRE concluded subject was either not
impaired, was impaired and dosed with the administered drug alone o in
combination with other drugs, or was impaired and dosed with a drugfs)
other than the administered drug as a function of placebo, low, and high
doses of (A) ethanol, (B) cocaine, and (C) marijuana. For ethanol and co-
caine, n = 18; for marijuana, n = 16.

subjects in this study and thus may exhibit clearer clinical
and behavioral signs of impairment.

s [n this study, DREs were told that several drug classes and
drug combinations might be administered, but only ethanol,
cocaine, and marijuana were administered individually.

The mzithematic‘al models piedicted the presence of drugs -
with greater accuracy than did the DREs. This suggests that

predictive accuracy would be improved if attention were fo-

cused on the best predictors identified by the mathematical
models; however, any comparison between the DREs’ accuracy
and that of the mathematical models should be made cau-
tiously. The intent of this study was not such a comparison, but
rather an independent evaluation of the validity of the DEC
evaluation itself and the predictive accuracy of the DREs as
they used the information from the evaluation to reach their de-
cisions. Given that comparisons are inevitable, however, there
are important differences between the decision-making process
in humans and that of mathematical models.

Whereas the DREs were limited in their ability to identify the
presence of drug for the reasons discussed previously, the sta-
tistical models were designed to identify the variables of the
DEC evaluation that best predicted the presence or absence of
drug. Thus, the mathematical models were strongly biased to-
ward making correct predictions. The complex mathematical
calculations on 76 variables required for the predictive models
were handled by a computer, which is far superior to humans
in its ability. to integrate such a vast amount of data and gen-
erate an accurate prediction.

In this study, the 162 cases comprised data from 18 research
participants who were each evaluated nine times by the same or
different DREs. Thus, the results of this study are markedly
influenced by the characteristics of the 18 participants, and
their data may not generalize to the larger society. However,
this is always a limitation of laboratory research with relatively
small numbers of subjects. A more field-relevant, but less prac-
tical, experimental design would have used 162 different par-
ticipants and randomly assigned equivalent numbers of partic-
ipants to each DRE. Such a design would have resulted in a
much wider range of responses on the variables of the DEC
evaluation, which would have generalized more readily to field
situations.

Conclusion

The results of this study lead to several conclusions. With re-
spect to the predictive validity of the DEC evaluation, indi-
vidual variables of the test can be used to predict accurately
acute administration of ethanol, cocaine, or marijuana. This
predictive validity was optimal when predictions were made
using 17-28 variables from the DEC evaluation. In addition, five
of these variables could be used to make predictions that were
nearly as accurate. These findings suggest that predictions of
impairment and drug use may be improved if DREs focused on
a subset of variables associated with each drug class, rather
than the entire DEC evaluation.
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