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EXECUTIVE SUMMARY
PROJECT PATH: POST-ACCIDENT TESTING HEURISTICS

To begin, it is important to recognize that this was a “proof-of-concept” study. A key
objective of this study was to develop and test procedures that can be used in a driving
simulator and that could be used to evaluate the impact of several classes of
prescription medications on the driving performance of commercial motor vehicle
operators. The main point was to determine whether these procedures could be
developed and whether they would demonstrate the issues that can arise under the
influence of Triazolam and other prescription and over-the-counter medications.

Chapter One is a review of the drugs and driving literature and a discussion of how and
why Triazolam was chooses as the study drug. The prescription drug chosen for this
study is Triazolam, a typical short-acting benzodiazepine that is prescribed to assist
persons who have insomnia to go to sleep and remain asleep. The doses used in this
study are the recommended therapeutic doses of this benzodiazepine and have been,
and continue to be, well studied.

Studies referenced in Chapter One of this paper have not always found statistically
significant decrements from threapeutic dose levels. The findings of this study indicate
that Triazolam at therapeutic dose levels causes reliable and statistically significant
decrements in four measures of normal driving performance as well as decrements in
standard psychomotor tests given in conjunction with each drive.

Chapter Two describes the experimental plan and its safeguards. The detailed
experimental protocol received a full review by the University of lowa Instructional
Review Board (IRB) and was approved July 30, 2009. Participants were required to
have a current Commercial Drivers’ License and be currently employed as a bus driver.
They were recruited by flyer, newspaper ads, and presentations to driver groups (with
employer permission). A high-fidelity bus driving simulator, owned by the Paducah (Ky)
Area Transit System, was leased for the two month-experimental period and parked in
the parking lot of the National Advanced Driving Simulator (NADS) at the University of
lowa. A custom software package was coded by professionals at FAAC, Inc. in Ann
Arbor, MI, the simulator manufacturer. The custom coding enhanced the data-capture
capabilities of the simulator for research capability.

The PATH Project Director, Designer, Principal Analyst and Principal Investigator is
John Morrison, Senior Partner with Cahill Swift, LLC. The PATH Co-Principal
Investigators Dr. Daniel McGehee and Dr. Linda Boyd are, respectively, researchers at
the University of lowa and the University of Washington. Staff and professionals at
NADS conducted the on-site portion of the project. In all, 71 bus drivers responded to
the recruitment materials and 32 made it through screening and training. Of these 32,
four failed to complete because of scheduling conflicts and four were released by the
experimenters during the project. There were no adverse reactions that needed to be
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reported to the IRB, but two of the participants were released because they had a
measurable concentration of Triazolam in their saliva samples taken the next day 11 to
14 house post-dosing.

Chapter Three discusses the paper-and-pencil surveys completed by the participants at
per-determined times in this project. The data gathered through this method provided
insights into OTC and prescription medications currently being taken by participants that
might have potentiated the Triazolam experimental doses. Other data helped the PATH
experimenters to understand the perceptions of the participants to the experimental
apparatus, and to the “realism” of driving a simulated bus in a driving simulator.

Chapter Three also presents the data from Immunalysis Laboratory, Inc. that performed
an analysis of the concentration of Triazolam found in the saliva samples taken from the
participants after each of the 15 experimental drives. It was considered impractical to
require participants to allow blood to be drawn after each experimental drive. The saliva
Triazolam levels were intended to serve as a surrogate for blood-drawn serum
Triazolam levels. It was also desirable to have a method to compare serum and saliva
Triazolam levels. Accordingly, participants were asked to voluntarily allow blood to be
drawn after the last drive of each experimental session. Six participants volunteered to
allow blood samples to be taken after each of the three experimental sessions. These
provided a baseline of serum Triazolam concentration against which to match their
saliva Triazolam levels from samples taken concurrently. There was a strong linear
correlation between saliva and serum Triazolam (R%=.97).

From this information, the PATH experimenters developed a set of variables that were
thought likely to impact and modify the drug impact. These variables were included in
linear regression studies in Chapter Four and Five and were found to have an impact on
dose-related impairment.

Chapter Four presents the psychomotor tests and their methods. The psychomotor
testing reliably show dose-related impairment on all measurements. Within the
psychomotor battery, the scales to measure Mood (Happiness, Depression, Fatigue,
etc) reliably showed dose-related increases in Fatigue, Sleepiness and Vigor
measurements but no changes in the indexes of Happiness, Depression, Restlessness
and Anxiety. It was observed that several participants had highly elevated
concentrations of Triazolam in their saliva. The psychomotor test scores were
calculated with the three participants with the highest concentrations of saliva in the
data mix, and again after removing the scores of those participants. The ANOVA tests
continued to show significant (p<.01) overall regression after the “outlier” data was
removed. However, for several of the tests involving choices, the P-Value for Triazolam
Concentration became less than significant. Pursuit Rotary Tracking and Simple
Reaction Time, the simplest psychomotor tests, continued to show statistically
significant impairment related to Triazolam concentration with the three "outliers
"removed. The information supplied by the participants during the intake to this
research were reviewed and possible explanations for the instances of highly elevated
“outlier” Triazolam concentration were discussed.
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Chapter Five of this report examines the impact of Triazolam on the driving performance
of the participants in the bus driving simulator. The measurement Standard Deviation of
Lateral Position (SDLP, also known as Standard Deviation of Lane Position) was the
metric used to measure drug impact of the participant’s ability to drive straight in their
lane. Weaving in lane reliable increased with the 0.250 mg dose to Triazolam. That
dose of Triazolam increased weaving in lane by .15 meters (6 inches) at low speeds.
Due to the additive effect of speed, at higher speeds for uniquely susceptible drivers the
0.250 mg dose increased weaving in lane by 30 inches. Under those conditions the bus
would exceed its lane and encroached into the adjacent lane by approximately 20
inches as it crossed back and forth across the lane markers.

SDLP was also used to measure the impact of Triazolam on curve following behavior.

In this measure, there seemed to be less impairment than in straight driving. It
appeared that participants may have adapted somewhat to the effects of Triazolam over
the three experimental sessions and 15 experimental drives they performed in the
simulator. Drivers who were randomized into the 0.250 mg dose on the first
experimental drive showed increases in curve-following SDLP of approximately .2
meters (8 inches). A secondary measure of fine steering adjustments showed a
significant reduction in fine steering control relative to the drivers randomized into the
placebo or 0.125 mg dose. Drivers who were randomized into the 0.250 mg dose group
on the third experimental session continued to exhibit SDLP of .2 meters, so there was
no change in actual impairment. However there was a significant increase in their
efforts at fine steering control. It appeared that they were equally impaired by the drug
but were trying harder to control it.

The study also evaluated the performance of drivers approaching stop signs (or red
lights) that could be seen from a distance. Drivers on the experimental sessions when
had been randomized to the 0.250 mg dose took a longer time to transition from initial to
full braking, by about 1.3 seconds, than drivers randomized to the placebo or 0.125 mg
dose. Consequently, having achieved full braking, they had a shorter distance in which
to stop the vehicle and maximum deceleration was significantly higher, at least for the
drivers having received the 0.125 mg. The stopping profile of the drivers was further
evaluated at the critical distance of 40 meters from the stop line. At that distance, there
was a significant difference in the brake pressure applied by the drivers randomized to
the 0.250 dose and the 0.125 mg dose compared with drivers who received the placebo
dose. At 40 meters from the stop line, drivers on the experimental sessions on which
they received the placebo dose had slowed their vehicles and were able to ease up on
brake pressure. The same drivers, on sessions on which they received the 0.125 or the
0.250 mg dose, had not sufficiently slower their vehicles at the 40 meter distance and
brake pressures were significantly elevated.

Finally, driver performance was evaluated while they drove around construction barrels
with an arrow directing them to move into the adjacent lane. Drivers randomized to the
0.125 mg dose swung slightly wider than the placebo and the 0.250 mg dose drivers,
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but the 0.250 mg dose drivers had more variability in the course they drove (p<.05) and
made more steering corrections.

Chapter Six of this study reviewed the experimental data and was primarily concerned
with the issue of individual differences. Chapter Six tried to determine whether it would
be possible to develop a systematic model of performance under Triazolam that would
encompass individual variances. Such a model seemed to have emerged from the
psychomotor testing and the SDLP tests, but it was counterintuitive.

In the psychomotor tests, participants with higher Body Mass Index (BMI) scores
regularly did more poorly on the tests per drug dose than participants with low Body
Mass Index scores. This was counterintuitive because the higher BMI participants
reliably had lower saliva Triazolam concentrations than moderate and low BMI
participants. If impairment is dose-related, it was expected that high BMI participants
would be less impaired because the drug would be diluted in a larger volume of bodily
fluid.

Even more counterintuitive, the participants with higher Driver scores also were
consistently slower on the psychomotor tests. The higher Driver score participants were
rated higher on their appropriate responses to the driver challenges programmed into
their first experimental drive, before any drug had been administered. Intuitively, it was
assumed that the skew by Driver Score Index (DRI) would be in the other direction— that
higher DRI drivers would have faster psychomotor response times and more accurate
choice mechanisms than less trained and skilled peers.

Project PATH uses a cross-over design and all participants received all doses in a
randomized order. For purposes of randomizing the dose-administration schedule,
participants were assigned to “Drug Groups”. A post-facto review showed that the
distribution of Driver Scores and Body Mass Index numbers were not equally distributed
within Dose Groups. Group B had a preponderance of low-BMI participants with low
Driver Scores (less skillful). Group D had a preponderance of high-BMI participants
with high Driver Scores (more skillful). A hypothesis was put forward in Chapter Five
that the order of impairment, from most to least impaired, would be relatively constant
by Block Group and would be predicted by the average of BMI and DRI score, but in
counterintuitive order. That is, Group B, with low-weight, low-skill drivers, would also be
the group impaired the least on average by the drug. Participants in high-weight, high-
skill drivers in Group D, in contrast, would generally be the most impaired.

This hypothesis seemed to hold together in the straight-driving tests using the group
average SDLP scores as the index on impairment. However the expected ordering of
impairment could not be confirmed in the data for the stopping profiles.

Additional Comments

The research reported in this study did not examine the responses of driver-participants
under emergency conditions where rapid and accurate responses are needed. More
research will be needed to identify specific scenarios where those drivers, under the
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influence of Triazolam or other substances, could pose the greatest risk to themselves
and their passengers.

The results need to be considered in light of the fact that there were several study
limitations. The first limitation relates to the small sample size. This was due to subject
dropout and some unforeseen technical difficulties within the simulator, which did not
allow the for data collection for some participants. The next study limitation was the lack
of consistency in the drive scenarios that were examined. For example, when selecting
driving segments to measure the SDLP of the drivers, the researchers looked for
straight stretches of roadway that had two lanes, no other traffic in the same lane as the
participants, the same speed limit and of the same length. However, given the variability
of the routes within the simulator, that criteria of same speed and length of the stretch of
road was not always met. The analysts had find specific segments that met most of that
criteria while trying controlling for the criteria that was not met via statistical procedures.
These controls had introduced detrimental effects such as increased variability,
numerical instability and reduced the statistical power of the models used in the
analyses.

On balance, however, Project PATH was intended to be as much as possible a “natural’
driving study. It was designed so that participants would encounter many of the driving
challenges they face during normal operations but in a way that precluded their
preparing in advance for the next challenge. As such, each of the 15 experimental
drives were different, one from another. The driving scenarios were constructed in that
manner so drivers could not “learn the route” and anticipate upcoming events.

It is encouraging that the magnitude findings of this study, especially the SDLP results,
are in general agreement with the results of other studies. For instance, NHTSA (2006)
in the Driver Workload Metrics Task 2 Final Report (see Table 3-40, page 3-61) reports
that the SDLP of the drivers operating an instrumented vehicle on a test track varied
between 0.4 and 0.8 inches depending on the type of distracting task being performed
by the driver and length of the segment.

The parameter estimate from Project PATH from the current study is 0.69 feet SDLP at
35 MPH for the drivers receiving the placebo and 0.125 mg dose of Triazolam, and
0.990 feet for the drivers receiving the 0.250 mg dose of Triazolam. Although a
conjecture, if there is a direct relationship among the comparative data, the implication
is that the 0.250 mg dose indices a higher degree of lack of control than the most
distracting task accomplished by the drivers in the NHTSA report.

The NHTSA study (Table 3-44 page 3-65) also reported that 10% of drivers performing
the most distracting task exceeded the lane boundaries and encroached on the
adjacent lane at least once in a segment of driving that required about 25 seconds to
cross. Figure 5-21 in this section documents that approximately 15% of the participants
(2 of 15 drivers with a quantifiable concentration of Triazolam in their saliva), exceeded
their lane in a stretch of road that would have taken approximately 35 seconds to drive.
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So again it may be surmised that the 0.250 dose of Triazolam is at least as impairing as
the most complex distracting task used by NHTSA.

Conclusions

e |tis possible to plan, develop and conduct a drugs and driver study in an academic
setting which studies the impact of prescription medications on professional drivers,
with full and careful review and approval by the Institutional Review Board. Itis
possible to recruit and screen participants and to conduct the experiment using
modified commercial training equipment that can be purchased on the GSAdvantage
website.

e A psychomotor test battery can be integrated into the study protocol and impairment
on the psychomotor tests will be predictive of impairment on the driving tasks.
Interestingly, the simplest psychomotor tasks appear to show drug impairment at
lower concentrations of Triazolam than psychomotor tests that require choice
behavior.

e The individual impact of drug on individuals is difficult to predict. Drug impact is
modified in unexpected ways by the Body Mass of the driver and by the level of
training and skill of the driver. The drug impact is also modified by concurrent
medications being taken by the driver. That being said, there also appear to be
idiosyncratic drug responses that are not explained by data gathered in this
experiment.

e The measure Standard Deviation of Lateral Position (SDLP), a measure of weaving
in lane while driving straight, is used to demonstrate diminishment of steering
control. Group mean SDLP measurements are dose-dependent. The 0.250 mg
Therapeutic dose of Triazolam increased lane deviation at all times by adding 6 to
10 inches of lane weaving. However, in impaired drivers, in addition to the additional
6-10 inches of weaving, the data indicated that there would be SDLP excursions of
as much as 30 inches as frequently as 1 or 2 times an hour.

e At both dose levels studied, one impact of drug impairment is the loss of fine control
of braking behavior. Drivers applied brake pressure more heavily and later in the
stopping maneuver under both drug doses than after having received the placebo
dose. Additionally, drivers exhibited a diminution of steering control while steering
around construction barrels. The increase in SDLP, diminution of braking control
and less exact steering control when avoidance maneuvers are required could
contribute to an increased crash likelihood for drivers using Triazolam and driving.

e There appeared to be no carry-over effects of Triazolam on driving after a period of
normal sleep. Drivers, returning for the next-day drive on the day after they had
received the 0.250 mg dose, reported improved sleep the previous night relative to
their normal sleep patterns. There were no reports of improved sleep on the next-
day drives after having taken the 0.125 mg or placebo capsules.
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1 SECTION ONE — BACKGROUND AND LITERATURE REVIEW

1.1 - Background

There has been a long history of debate concerning whether driving restrictions should
be placed on commercial motor vehicle operators who are taking anxiolytic and sedative
hypnotic drugs. Anxiolytic drugs are, typically, longer acting drugs prescribed to reduce
anxiety, hyper-responsiveness and anger. Sedative hypnotic drugs are, typically,
shorter acting drugs prescribed to promote relaxation and sleep. Many of these
substances are members of the large benzodiazepine family.

In 1991, the Federal Highway Administration Conference on Psychiatric Disorders and
Commercial Drivers' reported that “studies have demonstrated that benzodiazepines,
the most commonly used anxiolytics and sedative hypnotics, in pharmacologically active
dosages impair skills performance... Epidemiological studies indicate that the use of
benzodiazepines and other sedative hypnotics is probably associated with an increased
risk of automobile accidents.” The task force recommended that:

1. Patients requiring anxiolytic medications should be precluded from
commercial driving.

2. Individuals requiring hypnotics should use only drugs with half lives of less
than 5 hours for less than 2 weeks under medical supervision and at only
the lowest effective dose.

3. The urine drug screen performed as part of the biennial physical
examination should include a screen for benzodiazepines and
barbiturates.

No action has been taken on those recommendations. The medical examiner has the
sole responsibility to decide whether a professional driver taking a prescription
medication is medically qualified to drive. One Medical Review Officer recently wrote:

There are few clear standards establishing which drugs are acceptable for
particular jobs and which ones are not. Except for those few absolutely
disqualifying drugs (insulin, methadone, seizure meds), the FMCSA rule
tells medical examiners that impairing drugs are acceptable only if the
patient can get the prescribing doctor (read "the patient's advocate") to
write a note that it's ok for the patient to take the drugs and drive a truck.
That approach is worse than no approach at all -- it comes close to
obliging the medical examiner to accept whatever the prescribing
physician says is ok! ... It's understandable how doctors might favor
allowing the patient/employee to work despite use of a potentially
impairing drug. In the Part 40 (drug testing) rule, the standard of certainty
that is required for MROs to notify employers of safety risks is a likely
safety risk. Likely safety risks are few and far between; far more often,
we're confronted with possible or theoretical safety risks.?

1-1
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The findings of the Large Truck Crash Causation Study (LTCCS) have recently
emphasized the importance of establishing a rational, scientifically based regulatory
approach to the use of psychoactive prescription medication by commercial drivers. In
the LTCCS, use of prescription medications was the most frequently identified
contributing factor in collisions with other vehicles initiated by large trucks. Prescription
drugs use by the CDL-holder was found in 28.7% of all such collisions. Prescription
medications were identified as contributory factors in 33.9% of collisions with large
trucks that were initiated by passenger vehicles. Over the counter medications were
found to be contributory in 19.4% of collisions initiated by trucks and 10.3% of collisions
with trucks initiated by passenger cars.’ By way of comparison, Inadequate Surveillance
(IS) was cited as a contributory factor in only 15.8% of truck-initiated crashes and 13.2%
of passenger-vehicle initiated crashes. Table 1-1 is an excerpt from Table 10 in the
LTCCS report.

Figure 1-1. Associated Factors identified in the LTCCS Report
Table 10 - Estimated Large Trucks and Passenger Vehicles in Two-Vehicle Crashes by Associated Factor
Reasons Frequency Percent
Large Passenger Large Passenger
Truck* Vehicle*  Truck** Vehicle**
Drivers
Prescription Drug Use 19,000 22,000 28.7% 33.9%
Over-the-Counter Drug Use 13,000 7,000 19.4% 10.3%
Unfamiliar with Roadway (Less Than 6 Times in 6 Months) 13,000 6,000 19.1% 9.7%
Inadequate Surveillance 10,000 9,000 15.8% 13.2%
Driving Too Fast for Conditions 10,000 7,000 15.2% 10.4%
Making lllegal Maneuver 8,000 9,000 11.5% 13.1%
Felt Under Work Pressure 6,000 2,000 9.9% 2.6%
Driver Inattentive to Driving 6,000 6,000 8.5% 9.2%
External Distraction 5,000 4,000 7.7% 5.6%
Driver Fatigue 5,000 10,000 7.5% 14.7%
Inadequate Evasion 4,000 5,000 6.5% 6.9%
False Assumption of Other Road User's Actions 4,000 2,000 5.9% 3.1%
Unfamiliar with Vehicle (Less Than 6 Times in 6 Months) 4,000 2,000 5.4% 2.4%
TOTAL DRIVER CONTRIBUTORY FACTORS 107,000 91,000 161.1% 135.1%

The National Transportation Safety Board (NTSB) is determined to gather more
information on the prevalence of prescription and over-the-counter medications in
serious commercial vehicle collisions. In three FTA accident investigations since 2000,
the NTSB has made recommendations similar to the recommendation quoted below
from a 2000 investigation:

Establish, in coordination with the US Department of Transportation, the
Federal Motor Carrier Administration, the Federal Railroad Administration,
and the US Coast Guard, comprehensive toxicological testing
requirements for an appropriate sample of fatal highway, railroad, transit,
and marine accidents to ensure identification of the role played by
common prescription and over-the-counter medications. Review and
analyze the results of such testing at intervals not to exceed every 5
years.*
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This FTA-funded research project, entitled Post-Accident Testing Heuristics (Project
PATH), develops important information about the impacts of a short half-life sedative
hypnotic benzodiazepine on the driving performance of public bus operators in a
modern high-fidelity bus driving simulator. The data from Project PATH will be folded
into other on-going FTA efforts to formulate a comprehensive strategy on the regulation
of the use of prescription and over-the-counter medications by safety-sensitive transit
personnel.

1.2 Methods for Studying the Driving Impact of Psychoactive Prescription
Medications

This section discusses the three methods used to study driving performance and driving

performance as impacted by the use of behaviorally active substances. These

approaches are: Driving Simulators, Epidemiological Studies, and Actual Driving studies

in an instrumented vehicle.

1.2.1 Driving Simulators as Models of Actual Driving Performance

In 2001, the use and prevalence of “Transit Bus Operator Driving Simulators” was
reviewed in the Transit Cooperative Research Program (TCRP) Report 72°. According
to the report’s authors, a high-fidelity driving simulator will have “physical fidelity and
psychological fidelity.” For physical fidelity, the cab and forward, side and rear operator
views must be a faithful three-dimensional representations of the driving environment
and the simulated vehicle must perform like a real vehicle. For psychological fidelity,
the training program must present realistic scenarios that facilitate and train proper
driving techniques and that immediately translate into proper responses in the real world
(Brook et. al., reference 5, page 9).

Fixed-base bus driving simulators, of the type purchased by many transit systems,
confer both physical and psychological fidelity. They are becoming recognized as
successful training and retraining devices. In a recent scientifically valid study
comparing the effectiveness of training new bus operators in a simulator as against
conventional on-the-street training, New York City Transit (NYCT) reported a 35%
reduction in washout rates during the training period for new operators trained on the
simulator compared to new operators trained conventionally. During the first 60 days of
sensitive-safety duty, which is the period of the highest accident rates for operators, the
simulator-trained operators had a 43% lower accident rate than the conventionally
trained operators (31.9% accident rate for conventionally trained vs. 18.1% for
simulator-trained). Moreover, none of the simulator-trained operators had a right-side
accident, whereas 21% of the accidents of the conventionally-trained group were right-
side accidents®. This study confirmed that there was immediate carry-over of simulator
training into actual driving.

Fisher et al (2002) demonstrated that: 1) simulated driving can be used to distinguish

between the performance of three driver groups: untrained young drivers, PC-trained
young drivers; and experienced bus operators, and 2) that performance in a simulator

1-3




PROJECT PATH FINAL REPORT

reflects the level of prior training and experience of the operator’. Fisher’s study also

demonstrates that PC-based low-fidelity driver training for 16-year old new drivers helps
them better recognize and respond appropriately to the risk scenarios they encounter in
a driving simulator. PC-trained new drivers anticipate and respond to risk situations in a
simulator better than new drivers who have completed only conventional driver training.
Ultimately, however, in simulator testing, Fisher's control group, Experienced student

bus drivers at the University of Massachusetts, performed more appropriately to the risk
scenarios than either the PC-trained or the conventionally-trained (i.e. untrained) group.

This study also demonstrates the utility of the data-collection and reporting capabilities
of high-fidelity driving simulators. The left side of Figure 1-2, taken from Fisher’s 2002
study, diagrams the simulator risk scenario: “Curved Stop Ahead”. The diagram shows
a scenario in which a simulated vehicle approaches a curve with a warning sign
indicating the presence of a blind stop sign ahead and around the curve. The graph, on
the right side of Figure 1-2, shows the braking pattern of untrained new drivers, trained
new drivers and experienced bus operators as they approach the warning sign and stop
sign in the simulator. The vertical lines in the plot mark the positions of the warning sign
and the stop sign respectively. From the plot, it is obvious that the experienced bus
operators react to the warning sign and apply their brakes earlier and more smoothly
than either the trained or untrained operators. Thus, data collected in a driving
simulator is capable of differentiating skillful and cautious driving from unskillful or
reckless driving.

Figure 1-2: Driving simulator risk scenario and breaking patterns of untrained, trained
and experienced drivers as they approach the risk point in a high-fidelity driving
simulator. From Fisher (2002)
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Fisher et al® (2007) have more recently extended these findings by mating eye tracking
to virtual driving (Figure 1-3). These authors examined the visual search behavior of
trained and untrained drivers operating an instrumented real vehicle in on-the-road
driving wearing eye-tracking equipment. They compared this real-world visual search
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Figure 1-3: From Fisher (2007) Percent of untrained and trained drivers wearing an
eye tracker scanning critical areas to identify risks while driving in an instrumented
real vehicle on the road and while operating a similar vehicle in a driving simulator.
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behavior to visual search performance in a driving simulator. Trained and untrained
drivers driving an instrumented vehicle gazed at, recognized, and responded to risk

scenarios to the same degree as matched control groups in a driving simulator wearing
eye tracking equipment and exposed to similar risk scenarios. Untrained drivers fixated
the critical regions of the risk scenarios 37.3% of the time driving the instrumented
vehicle and 40.4% of the time in the simulator. The trained group fixated the critical
regions of the risk scenarios 64.4% of the time in the instrumented vehicle and 79.7% of
the time in the simulator. The authors concluded that data collected in a simulator
accurately reflects and predicts actual driving behaviors for trained and untrained
drivers.

Other researchers have employed high-fidelity driving simulators to study the impact of
driver distraction on driving performance (Lee, Lee & Boyle, 2007)°, the effectiveness of
collision warning systems (Reinach & Everson 2005)", and the effects of drugs on
driving behavior (Barkley et al, 2005)", Weiler et al (2000)". These studies have
validated the hypothesis that experiments conducted in high-fidelity driving simulators
generate results that translate veridically to real-world driving situations.

1.2.2 Research on Drugs and Driving Behaviors — Epidemiological Studies

The preponderance of research on the impact of psychoactive drugs on driving behavior
originates from two sources other than driving-simulator research: These are: 1)
epidemiological studies and 2) real-driving studies conducted in instrumented vehicles.

Epidemiological studies correlate accident reportage with drug use to determine
whether drivers who use drugs have a higher frequency of driving accidents than drivers
who do not. Some studies also examine whether drivers who have used drugs are
more frequently found to be culpable. There is an extensive body of this literature.
Reports from Australia, Austria, the United States, England, Quebec, Norway, Canada,
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the Netherlands, France, Luxembourg, Sweden and Switzerland concerning crash
frequency and benzodiazepine use have reported common findings. A summary of
these reports is included as Attachment 1. The reports find that drivers who have used
benzodiazepines alone, or in combination with alcohol and/or other psychoactive drugs,
have a higher likelihood of being in a vehicular accident and more frequently are found
to be culpable, than non-drug involved drivers.

Researchers have also studied the relative impact of long half-life versus short half-life
benzodiazepines on crash likelihood. There appears to be a reduction in crash
likelihood for drivers using benzodiazepines for long periods of time. Neutel (1995)"
calculated the Odds Ratio (OR) for an automobile crash in the first 7, the first 14, and
the first 28 days after a person received a new prescription for a short half-life, or for a a
long half-life, benzodiazepine. In a separate paper, Neutel (1998)" calculated the Odds
Ratios of a crash for specific benzodiazepines for the first 28 days of a new prescription.
In both Neutel studies, the ORs were reliably elevated for the first month of use, but
declined towards an asymptote. Figure 1-4 presents Neutel's data from both studies®.

Figure 1-4: Risk of a traffic accident for new users of prescription benzodiazepines.
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Source: Neutel, C.I.. Risk of traffic accident injury after a prescription for a benzodiazepine. Ann. Epidemiol (1995) 5(3): 239-244

Risk of traffic accident injury in first 28 days of new benzodiazepine prescription,
Odds Ratio (OR) +/- 95% Confidence Interval (Cl)

All Ages Under 60 Years 60 Years or Older Trade name Half-Life
Benzodiazepine Prescription OR Cl OR Cl OR Cl (hours)
Triazolam (S-Hypnotic) 3.2 14-73 3.5* 1.2-99 29 0.8-10.3 Halcion 2
Flurazepam (L-Anxiolytic) 51* 2.3-11.6 6.1* 2.2-171 34 09-13.9 Dalmane 40 -250
Lorazepam (S-Anxiolytic) 24 1.0-6.3 22 07-7.4 3.5 0.8-159 Ativan 10 - 20
Diazepam (L-Anxiolytic) 31* 1.4-6.5 3.0 11-7.9 3.4 1.0-114 Valium 36 -200
Oxazepam (S-Anxiolytic) 1.0 0.3-3.7 1.3 0.3-5.6 --[] - Serax 4-15

S = Short acting BZD, half-line 24 hours or less. L=Long-acting BZD, half-life greater than 24 hours

*Statistically significant at p<0.05
Source: Neutel, Cl: Benzidiazepine-Related Traffic Accidents in Young and Elderly Drivers; Hum. Psychopharmacol. Clin. Exp., 13, S115-S123 (1998)

* Note the data in the graph is plotted by this author from Neutel's published data. .
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Neutel's1998 study also determined that older drivers have a reduced risk of a collision
associated with a new benzodiazepine prescription relative to younger drivers. Hebert
et al (2007)", extended this longitudinal data. These authors calculated the long-term
elevation of the Odds Ratios for an accident, using two calculation methodologies, to be
1.45 and 1.53 respectively for senior drivers using benzodiazepines versus non-using
seniors.

Tornros et al (2001)', also studying long-term users, tested long-term benzodiazepine
users against a matched group in a simulated driving test and also evaluated driver
performance with psychophysical” measurements. Both groups, users and non-users,
were equivalent regarding brake reaction times and lateral position variation in the
driving simulation test. However, there were significantly more intra-individual
differences in speed variation among the benzodiazepine users than non-users. In the
psychomotor testing, the long-term users as a group also had somewhat slower
reaction times and performed worse on short-term memory tests.

Unpublished Odds Ratios calculated by J. Morrison from data available in the Fatality
Analysis Reporting System (FARS) parallels the information of Neutel and Herbert. The
FARS database contains information on the drugs detected in the post-mortem remains
of injured drivers and also the number of prior accidents of those drivers. These data
strings can be cross-tabulated to derive the Odds Ratio that drug-using drivers had a

Figure 1-5: Increased risk of multiple accidents by prescription drug users.
Prior Accident Risk Ratios for Benzodiazepines and Other Drugs
Drug 1 Found in Fatal Crash N.umber of.Prio.r ) ) Odds R'atio for Prior Accidents Ch'i Sf]'Test of
Driver Accidents This Driver Ratio of Accidents Against No Drug Found Significance
Two or Two or (Pairs vs No Drug
None | One | more None One More One Two or More Sum Found)
No Drugs Reported 10025 | 1400 320 1 0.140 0.032 1.0 1.0 2.00 p=1
OXYCODONE 23 11 4 1 0.478 0.174 3.4 5.4 8.87 p=.00004
METHADONE 61 12 8 1 0.197 0.131 1.4 4.1 5.52 p=.0003
OPIUM 34 10 3 1 0.294 0.088 2.1 2.8 4.87 p=.036
HYDROCODONE 98 22 8 1 0.224 0.082 1.6 2.6 4.16 p=.008
METHAMPHETAMINE 173 32 12 1 0.185 0.069 1.3 2.2 3.50 p=.016
BENZOYLECGONINE 200 45 12 1 0.225 0.060 1.6 1.9 3.49 p=.003
BENZODIAZEPINES 111 27 6 1 0.243 0.054 1.7 1.7 3.44 p=.021
DELTA9 93 16 6 1 0.172 0.065 1.2 2.0 3.25 p=.199, ns
AMPHETAMINE 297 60 16 1 0.202 0.054 1.4 1.7 3.13 p=.007
DIAZEPAM 80 13 5 1 0.163 0.063 1.2 2.0 3.12 p=.315, ns
TETRAHYDROCANNABINOID 140 30 7 1 0.214 0.050 1.5 1.6 3.10 p=.065
CODEINE 40 3 3 1 0.075 0.075 0.5 2.3 2.89 p=.169, ns
THC 296 39 17 1 0.132 0.057 0.9 1.8 2.74 p=.057
BARBITURATES 15 1 1 1 0.067 0.067 0.5 2.1 2.57 p=.560, ns
"Cannabinoid, Type Unknown" 257 38 12 1 0.148 0.047 1.1 1.5 2.52 p=.434, ns
MARIJUANA/Marihuana 234 33 1 1 0.141 0.047 1.0 15 2.48 p=.462, ns
MORPHINE 69 13 2 1 0.188 0.029 1.3 0.9 2.26 p=.600, ns
"Other " 465 74 15 1 0.159 0.032 1.1 1.0 2.15 p=.595, ns
PROPOXYPHENE 21 6 0 1 0.286 0.000 2.0 0.0 2.05 p=.595, ns
COCAINE 364 53 11 1 0.146 0.030 1.0 0.9 1.99 p=.944, ns
ACETOMINOPHEN + CODEINE 51 9 1 1 0.176 0.020 1.3 0.6 1.88 p=.707, ns
ALPRAZOLAM 52 6 1 1 0.115 0.019 0.8 0.6 1.43 p=.805, ns
Midazolam 24 4 0 1 0.167 0.000 1.2 0.0 1.19 p=.636, ns

"Project PATH is, overall, an experiment in “psychophysics” because it is concerned with the relation
between stimulus and response under pre-drug, drugged and post-drug conditions. The term
“psychomotor” is used to describe some of the technologies used by others and the PATH experimenters
to infer the relationship between stimulus and response in this experiment, or the results of those tests.

1-7




PROJECT PATH FINAL REPORT

higher probability of having been involved in a previous crash than non-drug-involved
drivers. The raw data, Odds Ratios (OR), and Chi Square tests of significance for drugs
vs. no drugs are shown in Figure 1-5. Drivers using benzodiazepines had an OR of 1.7
for having had a previous accident versus drivers with no drugs found in their system,
statistically significant at the 0.021 level. Inferentially, drivers using prescription
benzodiazepines not only have a increased likelihood of having an accident, even when
the drugs are being used long-term, but are also more likely to have had multiple
accidents than their non-drug using counterparts.

In summary, a substantial body of data confirms that there is an elevation in crash
likelihood among new users of both short and long half-life benzodiazepines. Although
the Odds Ratios decline with extended prescription use, crash likelihood appears to
asymptote at a sustained elevation of about 1.5 times the crash likelihood of the non(]
prescription peer group. Senior drivers may be less susceptible to the impairing effects
of benzodiazepines than younger drivers.

1.2.1 Research on Drugs and Driving Behaviors — Instrumented Vehicles and
Real Driving Studies

Most of what is directly known about the impact of prescription drugs on driver
performance comes from studies of real driving in instrumented vehicles*. These
studies have developed prototypical measures of driving performance and have
correlated those measures with psychomotor tests. Studies using these methodologies
have provided data on the impacts of comparison drugs, the time course of drug effect,
dose-response interactions, and performance decrements compared to standard
concentrations of alcohol. Meta-analyses, the gathering of comparable data from
multiple studies, has produced comprehensive, reliable and replicable summaries of
drug impacts across a whole class of pharmacological substances.

Verster et al (2006)" conducted a meta-analysis of 10 randomized, placebo-controlled,
double-blind trails of a variety of benzodiazepines and non-benzodiazepine hypnotics
on real-driving behavior. The instrumented vehicle and the derivation of the primary
common measurement, Standard Deviation of Lateral Position (SDLP), is shown in
Figure 1-6. The graph in Figure 1-7, on the second following page, is taken from
numerical data reported by Verster. All of the 10 studies in the meta-study graphed in
Figure 1-7 measured changes in Standard Deviation of Lateral Position (SDLP), a
measure of weaving in lane, and in Standard Deviation of Speed (SDS). Decrements in
curve following and reaction time sometimes were gathered in the reviewed studies,
and correlated with SDLP, but SDLP is the primary and reliable metric.

* However, this may be changing. As this report was being written, Verster’s laboratory had a current
recruitment notice on his website. His laboratory has purchased a driving simulator and is recruiting
subjects to “calibrate” driver performance in the simulator after ingesting standard amounts of alcohol.
Having established the performance decrements of three standard levels of alcohol, he will then conduct
drug trials to determine impairments equivalent to these established BACs.

1-8




PROJECT PATH FINAL REPORT

Figure 1-6: An instrumented vehicle and the measurement of Standard
Deviation of Lateral Position (SDLP), a prototypical measure of weaving.
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“Hypnotic” benzodiazepines (i.e. short-acting, short half-life) are widely prescribed for
relief of insomnia. Typically this class of medication is taken to hasten and prolong
sleep. The assumption is that the user will be non-impacted by the next day. Itis
important, therefore, to determine the actual impact of these medicines on driving
performance after a period of hours corresponding to a normal sleep cycle. The studies
summarized by Verster determined drug impacts 10-11 hours after bedtime
administration, 16-17 hours after bedtime administration, and 4- 6 hours after middle-of[]
the night administration.

Verster's data, reorganized and plotted by J. Morrison, is found in Figure 1-7. The data

has been sorted to group the drug trials by half-life of the drug and by dose
administered. The non-benzodiazepine hypnotics are separated from the
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benzodiazepine treatment drugs. The vertical bars are the Standard Deviations (SD) of
the SDLP values, providing a measure of the intra-subject variability in SDLP.

Figure 1-7: Impact of selected benzodiazepine and non-benzodiazepine hypnotics on
driving performance in an on-the-road instrumented vehicle. (Verster (2006) Table 2)
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Generally, all of the benzodiazepine hypnotics increased SDLP 10 hours following
administration, as did one of the three non-benzodiazepine hypnotics. However, the
increase in SDLP was not statistically significant for several of the substances tested.
SDLP was significantly increased for two of the three trials of the longest half-life BZD
(Flurazepam, trade name Dalmane, half-life 40 hours). SDLP was also elevated for
several of the trials of the shortest half-life benzodiazepines tested (half-lives 4 to 6
hours). SDLPs were not elevated (elevated non-significantly) for the mid-range
benzodiazepines (half-lives 10-15 hours). There was also no increase in SDLP for two
of the three trails of non-benzodiazepine hypnotics (half-life 2 hours).

Verster's data is important for several reasons.

1. The data demonstrates that some hypnotic benzodiazepines may be safer than
others for next-day driving after use as a sleep aid.
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2. Some results are replicable but anomalous, such as the finding that mid-half-life
BZDs do not appear to impair driving performance 10 hours after ingestion while
long and short half-life BZDs may impair that performance.

3. The class of more recently developed non-benzodiazepine “Z drugs”, particularly
Zolpidem (Ambien) and Zaleplon (Sonata), may not impair driving performance 10
hours after administration.

4. Meta-analysis studies may not capture data on all drugs of interest. For instance,
Verster's data does not include comparative data on Alprazolam (Xanax), currently
the most widely prescribed benzodiazepine, or on Triazolam (Halcion), a short half-
life benzodiazepine hypnotic that was, ten years ago, the most frequently prescribed
sleep medication in the US.

1.3 Formulating the Experimental Question and Protocol

The question to be studied, then, is whether there are short-acting benzodiazepines or
non-benzodiazepine hypnotic drugs (i.e sleep aids, sleeping pills) that do not result in
decrements in driving behavior after a period equivalent to a normal sleep cycle even if
the substance(s) do cause measurable decrements in driving performance shortly after
administration. Such drugs might be considered safe for use by shift workers on an
infrequent basis to aid in inducing sleep in the evening when pull-out times are in the
early morning (e.g. 4 AM). If so, what are the therapeutic doses which assist in the
induction of sleep but do not show driving impairments after a sleep cycle.

Accordingly, a set of standards was developed for Project PATH so that it would comply
with the highest ethical standards and develop the most sophisticated and extensive
data available to describe the driving performance of the operator. That is, the
experiment was designed to be able to identify and quantify even subtle performance
decrements that might increase the Odds Ratio of an accident, however slightly.

1.3.1 Performance Measures, Risk Mitigation and Project Design Considerations

Project PATH was designed and executed to meet the following exacting experimental
design and research safety and ethical standards.

1.3.1.1 Performance Measurements Recorded

e The experiment was designed to capture several aspects of the physical
performance of the operator in the cab (e.g. steering wheel excursions, brake
pressure and speed of application).

e The experiment captured the gaze patterns and fixations of the operator during
times of stressful driving and during times of normal driving.

e The experiment captured the prototypical measures for driving decrements
commonly used in many studies in instrumented vehicles, e.g. SDLP, lane-following,
curve-following, maintaining a constant distance from a lead car driving at variable
speeds.

e The experiment captured the driving performance of the operator in a variety of
urban, suburban and rural roadways.
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The experiment exposed the operator to a variety of risk and decision situations and
capture the operator’s reaction times and responses.

1.3.1.2 Time Course of Measurements

The study was designed to gather individual baseline, drug-state and post-drug-state
measurements. In each experimental session, the driving test was presented to
gather operator performance data:

Before the operator ingested any substances

At three time periods after ingesting the test substance leading to, and bracketing,
the expected peak effects

And on the next day, after a normal sleep cycle, with no ingestion of a substance.

1.3.1.3 Substance Selection and Protocol

The experimental substance was a well-researched short-acting benzodiazepine. A
non-benzodiazepine hypnotic and a 3"-generation barbiturate were considered but
rejected.

The half-life of the substance was short and the substance was metabolized with no
confounding metabolic bi-products.

The drug was detectable in small amounts through a non-intrusive, preferably
quantitative, saliva drug test methodology. The non-intrusive methodology identify
the presence of the substance and provided quantitative levels.

A corollary procedure wasused to assure and affirm that the participants have not
used other substances that would confound the results.

The substance was tested at several sub-therapeutic and therapeutic levels.

The experimental substance was administered in double-blind, randomized order,
with placebo controls.

The experimental protocol took into consideration known personal and medicinal
contra-indications and carried that knowledge into the human subject protections
protocol.

1.3.1.4 Considerations Regarding Protection of Human Participants

The experiment provided full protection for human participants and was subject to
and sanctioned by the Institutional Review Board (IRB) of the performing
organization.

Participating local agencies whose employees or volunteers could be participants
were fully briefed on the project goals and human-subject protections.

The recruitment of participants provided every prospective participant with complete
anonymity and privacy during the application process and throughout and following
the experiment.

Each participant signed an Informed Consent Document initially and before each
experimental trial. Participants had the right to back out before any trial. Any
participant who backed out with sufficient cause (e.g. simulator sickness) during the
project would receive the same compensation as participants who complete all trials
(to eliminate expected loss of compensation as a reason for staying in against better
judgement). Two participants who were eliminated by the research staff during the
course of the project, through no fault of their own, received the same compensation
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as they would have received if they had completed all experimental trials. Two other
participants who were eliminated by the research staff for cause were compensated
for all completed trials.

e Each applicant participant was pre-screened as defined in the IRB acceptance. Pre-
screening included two short drives in the simulator to check for signs of “simulator
sickness”.

e Compensation was provided in a timely manner by direct deposit and each
participant received a 1099-MISC at tax time.

e A physician knowledgeable in the experimental protocol was available on short
notice if any of the participants experienced an objectionable side effect and/or
required attention.

e All subjects were driven home under conditions arranged by the experimental team
after each experimental session and returned to the experimental location in the
same manner the next morning for a non-drug follow-up trial. That drive evaluated
next-day performance against base-line performance. If the subject’s performance
had not returned to baseline, the subject would have been returneded home and
returned to the experimental location the next day following for a second baseline
trial.

e There was a briefing session for all participants following the completion of data
collection. That briefing session reviewed the experiment and discussed
observations about driving and the impact of this substance on operator
performance.

1.3.2 US and EU Drugged Driving Research Guidelines

Project PATH was conducted in consort with recently published guidelines in the US
and Europe for conducting drugs and driving research.

Walsh et al'® recently conducted a Delphi research program among major research
institutions and leaders to develop a set of guidelines to standardize and harmonize
research efforts into the behavior, epidemiology and toxicology of drugged driving.
Project PATH conducted its research, and developed data in a manner that conformed ,
with those guidelines.

More recently, in March 2011, the National Highway Traffic Safety Administration
(NHTSA) published a set of guidelines for drugged driving research™. NHTSA
recommends that drug driving research should integrate a Pharmacological-
Toxicological Review, an Epidemiological Review, and set of Standardized Behavioral
Assessment tools. The behavioral tools would include a psychomotor test battery and
driving simulator testing, possibly with over-the-road testing. The design of Project
PATH is in full conformance with the recommended protocol.

In Europe, Project DRUID (Driving Under the Influence of Drugs, Alcohol and Medicine)

is the name of a major interdisciplinary study. Its object is to determine the effects of
pharmacological agents on driving and to set standards for the safe (or excluded) use of
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prescription and over-the-counter agents by drivers. As stated on its home page®,
“‘DRUID will bring together the most experienced organizations and researchers
throughout Europe, involving more than 20 European countries. The aim is to gain new
insights to the real degree of impairment caused by psychoactive drugs and their actual
impact on road safety.” Project DRUID has published several very useful documents
that establish the common protocols for research sponsored by the governing
committee. Among these, the “Theoretical Framework For Substance Effects on Safe
Driving”* has been helpful to the planning of this research. Project PATH consulted
DRUID documents as they become available and considered their applicability to this
current project.

1.4 Selection of the Pharmacological Agent

Figure 1-8 is a list of the generic and trade names of common benzodiazepines. Figure
1-9 is a graph of the half-lives of 23 benzodiazepines and three non-benzodiazepines
hypnotics commonly available in the U.S. The data for Figure 1-9 is from Table 1 of
Ashton (2002)* plotted by Morrison and sorted by half-life. Half-life is the time required
for the body to metabolize and excrete one-half of the current blood level of the
substance and is a measure of speed of elimination. For a longer half-life
benzodiazepine, repeated dosing will build up the blood level to a steady-state level. It
may then take several days or weeks for blood levels to drop to zero after cessation.
However, blood levels of short-half life drugs may reach sub-therapeutic or negligible
levels after a few hours.

Therefore, for the treatment of anxiety, repeated dosing with long half-life drugs is used
to build up to a steady blood level. Likewise, occasional or infrequent dosing with a
short half-life BZD, or non-benzodiazepine hypnotic, is used to promote sleep.

Figure 1-8: Generic and Trade Names of Common Benzodiazepines Anxiolytics and
Hypnotics, and Three Non-Benzodiazepine Hypnotics

Benzodiazepine & non-BZD Hypnotics [

Generic and (Trade) Names

Alprazolam (Xanax) Lorazepam (Ativan)

Bromazepam (Lexotan, Lexomil) Lormetazepam (Noctamid)

Chlordiazepoxide (Librium) Medazepam (Nobrium)

Clobazam (Frisium) Nitrazepam (Mogodon)

Clonazepam (Klopin, Rivotril) Nordazepam (Nordaz, Calmday)

Clorazepate (Tranxene) Oxazepam (Serax, Serenid)

Diazepam (Valium) Prazepam (Centrax)

Estazolam (ProSom) Quazepam (Doral)

Flunitrazepam (Rohypnol) Temazepam (Restoril, Normison)

Flurazepam (Dalmane) Triazolam (Halcion)

Halazepam (Paxipam) Non-BZD Hypnotics

Ketazolam (Anxon) Zaleplon (Sonata)

Loprazolam (Dormonoct) Zolpidem (Ambien, Stilnoct)
Zopiclone (Zimovane, Imovane)
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It is important to understand that all benzodiazepines, whether long or short half-life
drugs, operate through approximately the same neurological mechanism and have
approximately the same effect. Therefore, the impact of a short-acting BZD measured
one-hour after dosage may be a fair model of the impact of a long-acting
benzodiazepine 10 hours and more after dosage. However, since the longer half-life
BZD may take longer to get into the blood stream, the slower drug may not cause
performance decrements shortly after ingestion whereas the quick-acting drug certainly
will.

There are two benzodiazepines listed in Figure 1-9 with half-lives of two hours —
Triazolam (Halcion) and Ketazolam (Anxon). There are also two new non(
benzodiazepine hypnotics with half-lives of two hours listed in Figure 1-9: Zaleplon
(Sonata) and Zolpidem (Ambien). Anxon is an infrequently-prescribed drug and no drug
profile is available on the National Institute of Health (NIH) website
www.dailymed.nlm.nih.gov. (NLM is National Library of Medicine of the National
Institute of Health). The remaining benzodiazepine, Triazolam (Halcion) and the two
non-benzodiazepine hypnotics were considered as candidates for the challenge drug in
this project. Zoleplon (Sonata) and Zolpidem (Ambien) are frequently prescribed
sleeping aids and have largely supplanted Triazolam (Halcion) as a sleeping aid.
However, during the 1980’s, Halcion was the most frequently prescribed
Benzodiazepine in the US, is still used and prescribed, and it has a long and continuing
role as a research BZD.
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Figure 1-9: Half-lives of 23 benzodiazepine anxiolytics and hypnotics, and 3 non]
benzodiazepine hypnotics.

Half-Life Clearance Ranges for
Benzodiazepine Therapeutic Doses in
Normal Humans
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Non-benzodiazepines with similar effects
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Lorazepam (Ativan)
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Chlordiazepoxide (Librium)
Diazepam (Valium)
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Source: Benzadiazepines: How They Wark and How To Withdraw: C. Heather Ashton DM. FRCP (2002)
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1.4.1 Benzodiazepine Impact on Driving Skills

A 1998 summary described the effects of benzodiazepines as follows?:

All benzodiazepines have anxiolytic, sedative-hypnotics, muscle relaxant
and anticonvulsant properties, and some possess antidepressant effects.
... The general sedative effects of benzodiazepines are assumed to
underlay their potential to impair driving skills, for example by decreasing
alertness, slowing reaction times, reducing visual function and degrading
motor skills and decision-making capacity.

Benzodiazepines are also known to impair memory, both secondary to
and independently of their sedative actions. However, in a recent survey,
experts assigned relatively low weight to memory functions as being
absolutely essential for driving, with the exception of spatial working
memory.

The present study was designed to determine whether there are measurable impacts of
standard therapeutic doses of Triazolam on driving skills and on the psychophysical
functions identified in the above.

1.4.2 Psychomotor Impairment of Halcion and other Candidate Drugs

Studies with Triazolam (Halcion) demonstrate that Triazolam impairs psychomotor
functioning in standard laboratory tests and driving performance in real driving
experiments. At a typical clinical dosage (0.25 mg), the impairing effect of Triazolam on
memory at peak levels is reported® to be approximately equal to the impairing effects of
alcohol at a concentration in blood of 0.80 g/kg of body mass®.

Regarding psychomotor tests of reaction time and cognition, Rush et al*> compared the
behavioral and abuse potential of Triazolam (Halcion) and Zaleplon (Sonata). In a
separate publication, Rush et al*®* compared the behavioral and abuse potential of
Triazolam and Zolpidem (Ambien). The Triazolam — Zaleplon comparison recorded the
drug effects for 24 hours, and is somewhat more useful for purposes of this paper than
the Triazolam — Zolpidem comparison, which followed the drug effects for five hours.
Objective and subjective indicators of the peak effects of the Triazolam-Zolpidem
comparisons are shown in Figure 1-10 and Figure 1-11 on the following pages.

The therapeutic doses of Triazolam were .25 mg, and the supra-therapeutic doses were
.50 and .75 mg. Peak effects were observed for all three drugs in the 1-hour and 2-hour
trials. Subjective ratings of drug effect for the lowest dose of each drug (the
recommended therapeutic dose) returned to baseline by four hours, though the

* About 4 rapid drinks or a BAC of perhaps .09 if my calculations are correct - JBM.
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subjective effects of super-therapeutic doses lasted longer. Similarly, the behavioral
impairment measured in the psychomotor tests returned to baseline for the lowest
dosage by four hours post administration, and by 12 hours post administration for all
dosages. The behavioral impacts of Zaleplon, in the Zaleplon-Triazolam comparison,
returned to baseline faster than the behavioral impacts of Triazolam, but otherwise were
largely indistinguishable. The authors concluded that all three drugs produce
comparable dose-related performance impairment.

It is useful to note that, with the exception of the test “delayed picture recall” (a test of
short term memory), the .25 mg dose of Triazolam did not cause impairment
decrements in the psychomotor tests that were significantly different from placebo. That
is, drug impacts on three of the four psychomotor tests reported in the two Rush et al
articles were not significant for the 0.25 mg dose but were significant for the super-
therapeutic doses.

Human participants in both of these studies were volunteers with a history of drug
abuse. As with the psychomotor findings, subjective rating scales intended to measure
likelihood of drug abuse potential (scores for “Good Effects”, “Like to Take Again”, and
“‘Willing to Pay on Street”) were not significantly elevated above placebo for the lowest
(therapeutic) dosage of Triazolam or Zolpidem, but were elevated for the therapeutic
dosage of Zaleplon. Both supra-therapeutic doses of Zaleplon and Zolpidem also
generated statistically elevated ratings associated with abuse potential, but only the
highest dosage of Triazolam generated elevated subjective ratings indicative of abuse
potential.

Carter, et al”” compared the performance affects and abuse liability of Triazolam in
comparison to an experimental drug, Indiplon, in human participants with a history of
drug abuse. The findings were similar to the drug comparisons of Rush and his
coworkers. Psychomotor and cognitive measures returned to baseline for the .25 mg
(therapeutic) dose after 4 hours. Likewise, the subjective rating “Liking of Drug Effect”
was significantly elevated for Triazolam relative to placebo for the two supra-therapeutic
doses, .50 and .75 mg, but not for the .25 mg dose of Triazolam.

These studies indicate that the recommended 0.250 mg therapeutic dose of Triazolam
has a behavioral effect between 1 and 2 hours after administration that is not greatly
elevated above baseline, that behavioral effects measured by laboratory tests return to
baseline after eight hours, and the drug at therapeutic doses has a low potential for
abuse. Triazolam, Zolpidem and Zaleplon appear similar across these measures
though Zaleplon may be somewhat shorter acting.
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Figure 1-10 - Objective and Subijective Indicators of Degree of Impairment Comparing

Three Dose Levels Of Triazolam (Halcion) And Zolpidem (Ambien).
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Alert

Drug effect
Like drug
High
Speech slurred
Nervous
Bad mood

Triazolam Zolpidem
0.25 0.50 0.75 15 30 45
Subject-rated drug-effect-questionnaire
0.10 0.40 0.90 0.10 0.50 0.30
0.30 0.80 1.30 0.40 1.20 0.80
0.30 0.70 1.20 0.30 1.00 0.90
0.20 0.90 1.10 0.40 1.30 1.20
0.30 0.90 1.20 0.70 1.20 1.30
0.20 0.70 1.00 0.40 1.00 1.10
0.10 0.40 1.20 0.40 0.60 0.70
0.60 1.40 1.50 1.00 1.60 1.90
0.30 0.60 1.20 0.30 1.00 1.20
0.20 0.80 0.80 0.30 0.80 1.00
0.10 0.20 0.30 0.10 0.60 0.80
0.10 0.30 0.80 0.10 0.60 0.80
0.40 0.90 1.40 0.40 0.90 1.30
0.50 1.00 0.90 0.30 0.80 1.20
0.40 0.80 1.20 0.30 0.90 1.50
0.00 0.40 0.50 0.10 0.60 1.10
0.20 0.80 0.90 0.20 0.40 1.10
Observer-rated drug-effects questionnaire
0.10 0.70 0.50 0.20 0.50 0.50
0.90 1.50 2.20 0.60 1.30 1.30
2.20 2.60 2.50 0.20 2.30 2.40
0.90 2.10 2.90 0.80 1.90 2.00
1.10 2.10 2.70 0.70 1.70 1.80
1.90 2.00 1.80 0.10 1.80 2.00
1.00 2.20 2.90 1.00 2.00 2.30
0.60 1.20 1.20 0.20 1.20 1.60
0.40 1.60 2.10 0.70 1.40 2.10
0.10 0.30 0.60 0.10 0.20 0.80
0.00 0.10 0.00 0.00 0.10 0.50
0.00 0.20 0.00 0.30 0.10 0.90
0.00 0.20 0.00 0.30 0.10 0.90

Talkative

In Figure 8, the data has been regraphed to allow a comparison of Triazolam and zolpidem psychomotor impairment and to show the
subjective ratings of participant and observers of the peak effects of the three doses. Data in the left-hand graph has been recalculated
to show percent impairment relative to placebo scores, with placebo arbitrarily set to zero. Data on the right-hand table has been sorted
from smallest percent change to largest percent change for zolpidem.

Note that, although impairments were observed at all dose levels, psychomotor performance was not statistically different that placebo

Rush, CR, Baker, RW and Wright, K: Acute behavioral effects and abuse potential of trazadone, zolpidem and Triazolam in humans;

scores for the lowest (therapeutic) doses of Triazolam for most of the objective measures.

Pyschopharmacology, 144:220-233 (1999)

Figure 1-11, on the following page, is a screen-grab of the 24-hour time course for the
behavioral recovery of objective and subjective measures of impairment following three
dose levels of Triazolam and Zaleplon from Rush et al