
tively, for these exclusion-listed medications (Table 2), spend-
ing $23.9 million and $624.0 million out-of-pocket, respectively.
We estimated that low-income subsidy and non–low-income
subsidy beneficiaries could have potentially saved $14.8 mil-
lion and $479.1 million, respectively ($10.84 and $186.72 per pre-
scription), by substituting generic medications.

Discussion | Our analysis suggests that between 2012 and 2015
CMS and Part D program beneficiaries could have realized
nearly $3.4 billion in savings if the program had required
generic substitution of 62 brand-name medications excluded
by 2 large PBMs. Although formulary-excluded drugs repre-
sent only a small number of brand-name medications for
which lower-cost generic medications might be substituted,
and the potential 2015 savings represented only 1% of CMS
prescription drug spending, our findings suggest clear oppor-
tunities to reduce costs using strategies already in place at
large PBMs.

This study was limited to brand-name medications
excluded by CVS Caremark and Express Scripts; formulary
exclusion lists are being increasingly adopted, leading to
potentially greater savings. Furthermore, we cannot account
for manufacturer rebates and discounts, which are substan-
tial for some brand-name medications. In addition, we may
have overestimated CMS spending and potential savings
because we assumed complete generic and therapeutic alter-
native substitution. Other factors, however, including
patient-specific risk-benefit considerations, may influence
medication choice and not all substitutions may be clinically
appropriate.
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The April 20 Cannabis Celebration
and Fatal Traffic Crashes in the United States
On April 20 each year, thousands of Americans celebrate the
intoxicating properties of marijuana on a popular countercul-
ture holiday known as “4/20.” Legal marijuana sales surge in
anticipation of the “High Holiday,” and college students re-
port increased cannabis consumption on 4/20 itself.1,2 In many
cities, activists and enthusiasts gather at public celebrations
that feature synchronized mass consumption of cannabis at
4:20 PM.3

Driving simulation studies indicate that higher blood Δ9-
tetrahydrocannabinol concentrations decrease reaction times
and increase variability in speed and lane position, while some
epidemiologic studies suggest that acute cannabis intoxica-
tion increases crash risk.4 Despite this evidence, driving after
cannabis consumption is surprisingly common.5 We hypoth-
esized that the April 20 cannabis celebration might be asso-
ciated with a population-level increase in the risk of fatal traf-
fic crash involvement.

Methods | This study used publicly available statistical data with
a waiver of approval from the University of British Columbia
research ethics board. We obtained fatal motor vehicle crash
data from the United States National Highway Traffic Safety
Administration’s Fatality Analysis Reporting System (FARS).
FARS includes data on all crashes involving a motor vehicle
traveling on public roadways in which at least 1 participant died
within 30 days of the event. The study interval began the first
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full year after popularization of 4/20 in High Times magazine
and extended to include the most recent year with data avail-
able, thereby reflecting 25 consecutive years (January 1992 to
December 2016).

The primary analysis compared the number of drivers in-
volved in fatal traffic crashes between 4:20 PM and 11:59 PM on
April 20 each year to the number in fatal traffic crashes dur-
ing the same time intervals on control days 1 week earlier and
1 week later (ie, April 13 and April 27). This design controlled
for weekday, season, and year while minimizing bias from
changes in vehicle design, travel distances, medical care and
other confounders. We tested for differences between case and
control dates using exact binomial tests and performed pre-
specified stratified analyses to examine individual factors and
geographic variation.

Results | The 25-year study interval identified 1.3 million driv-
ers involved in 882 483 crashes causing 978 328 fatalities. In
total, 1369 drivers were involved in fatal crashes after 4:20 PM

on April 20 whereas 2453 drivers were in fatal crashes on con-
trol days during the same time intervals (corresponding to 7.1
and 6.4 drivers in fatal crashes per hour, respectively). The risk

of a fatal crash was significantly higher on April 20 (relative
risk, 1.12; 95% CI, 1.05-1.19; P = .001).

Subgroup analysis suggested the relative risk increase on
April 20 was particularly pronounced for younger drivers
(Figure 1). No subgroup suggested April 20 conferred a con-
trary protective effect. Geographic analysis suggested the ab-
solute risk increases were greatest in New York (excess of 36),
Texas (excess of 32), and Georgia (excess of 29). Relative risk
was significantly reduced only for Minnesota (Figure 2). Sen-
sitivity analyses supported the results of the primary analy-
sis, including evaluations of all crash-involved persons (rather
than only drivers) and extended time intervals (4:20 PM to 5:00
AM the following day). As expected, the number of drivers
involved in crashes earlier than 4:20 PM or on nearby dates
(April 18 and April 22) was no different than corresponding
controls.

Discussion | We examined a quarter-century of national data and
found a 12% increase in the relative risk of a fatal traffic crash
after 4:20 PM on April 20 compared with identical time inter-
vals on control days. Although the vast majority of Ameri-
cans do not celebrate 4/20, the observed association was

Figure 1. Relative Risk of Traffic Crash on April 20
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Forest plot showing relative increase
in risk of a traffic crash on April 20
compared with control days exactly 1
week earlier and later. Solid squares
indicate point estimate; relative
dimensions, sample size; and
horizontal lines, 95% CIs. Vertical
columns show total counts between
4:20 PM and 11:59 PM on April 20
and control days. Main findings show
an increase in relative risk on April 20,
no significant contrary findings, and
an accentuated effect for younger
individuals. State-level estimates of
the prevalence of marijuana use
among adults from the 2002-2003
National Surveys on Drug Use and
Health (near the midpoint of our
study) were used to categorize states
as "Higher use" (median and above)
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median).
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comparable in magnitude to the increase in traffic risks ob-
served on Super Bowl Sunday.6 Policy makers may wish to con-
sider these risks when liberalizing marijuana laws, paying par-
ticular attention to regulatory and enforcement strategies to
curtail drugged driving.
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Figure 2. National Variation in Relative Risk of Traffic Crash On April 20
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The map displays the United States for all contiguous states and offset images
for noncontiguous states. Colors denote relative increase in traffic risks on April
20 compared with control days exactly 1 week earlier and later. Green
corresponds to increased relative risk, yellow to neutral relative risk, and brown

to decreased relative risk (spectrum scaled by logarithm transformation).
Findings show that 30 states had a relative risk point estimate greater than
unity (eg, Hawaii), while only 18 states had an estimate less than unity (eg,
Minnesota), and 2 states had an estimate of exactly unity (eg, Montana).
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LESS IS MORE

Association of Standardization of Continuous
Renal Replacement Therapy and High-Value Care:
An Evidence-Based Approach
Continuous renal replacement therapy (CRRT) is an essential
tool in the management of renal failure in patients who are criti-
cally ill. Though its utilization has increased globally, it is a re-
source-intensive, costlier modality of dialysis.1-4 Further-
more, its usage is highly variable owing to the heterogeneity
of patients and physicians, as well as the paucity of evidence
to guide practice.5 These characteristics make it a prime tar-
get for high-value care through standardization of practice. At
our institution, we assessed utilization patterns of CRRT and
established evidence-based guidelines to standardize pro-
cess flow and promote meaningful use.

Methods | A multidisciplinary task force was organized in
October 2015 to assess CRRT utilization patterns. Interven-
tions were implemented throughout fiscal year (FY) 2016,
including the creation of evidence-based guidelines that: (1)
clarified each physician’s role in the initiation, maintenance, and
cessation of CRRT; (2) defined indications to start therapy with
a focus on patient goals of care; (3) described situations where
CRRT would be medically inappropriate; (4) mandated daily
cross-disciplinary communication between medical teams and
key stakeholders; and (5) provided guidance on discontinuing
CRRT. Additional measures to minimize excess laboratory tests
and promote awareness of CRRT were also implemented. Com-
parisons between preintervention (FY 2014-2015) and post-
intervention (FY 2016-2017) cohorts were made with the inde-
pendent samples t test for continuous variables, and Pearson

χ2 test for categorical variables. Institutional board approval was
waived, and patient consent was not necessary because all data
was based on deidentified records.

Results | A total of 1342 patients received CRRT from 2014 to
2017 (Figure). The number of patients on CRRT increased from
182 in 2014 to 435 in 2017, while the total number of days on
CRRT increased from 1272 days to 2505 days. The majority were
men (n = 842 [62.7%]) and surgical patients (n = 726 [54.1%]),
while the rest were medical (n = 616 [45.9%]).

The mean duration of CRRT decreased by 11.3% from the
preintervention period to the postintervention period (7.43 vs
6.59 days; P = .03). Similarly, the average direct cost of CRRT
decreased by 9.8% ($11 642 vs $10 506; P < .001). This led to a
savings of $1136 per patient, or an estimated annual savings
of $481 664 after the intervention.

Discharge disposition of patients on CRRT changed from
the preintervention period to the postintervention period
(Table). The proportion of patients expiring on CRRT de-
creased from 60.3% to 47.5%, while the proportion of pa-
tients transitioning to comfort care increased from 3% to 8.6%
(P < .001).

Discharge disposition of patients on CRRT also varied by
age. Compared with patients ages 18 to 45 years, those over
the age of 80 years had the highest mortality rate (63.9% vs
43.8%), and the lowest rate of discharge to home (4.6% vs
34.2%; P < .001).

Discussion | Our institution targeted high-value care in CRRT
with a series of interventions that standardized its process
flow. These interventions included a set of evidence-based
guidelines that established physician roles, mandated daily
cross-disciplinary communication, encouraged appropriate pa-
tient selection for therapy, and emphasized patient goals of
care. While the volume of patients and total number of CRRT
days continued to grow after our intervention in FY 2016, we
decreased the average duration of treatment from 7.43 days
to 6.59 days per patient, and decreased the average direct cost

Figure. Improvement in CRRT Utilization After a Series of Interventions
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While the number of patients on CRRT increased over time, the mean duration
of CRRT decreased by 11.3% from the preintervention period to the
postintervention period (7.43 vs 6.59 days; P = .03). The average direct cost of

CRRT decreased by 9.8% ($11 642 vs $10 506; P < .001). CRRT indicates
continuous renal replacement therapy; FY, fiscal year.
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