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Thinking Beyond Ourselves

executive editor letter

communities that we are seeing the resurgence of this once-eradicated disease. And it is not 
just measles that are on the rise. According to the Global Health Program (GHP) at the Council 
on Foreign Relations (CFR) , there are five vaccine-preventable diseases that are on the rise: 
measles, mumps, rubella, pertussis, and polio. All of these can be attributed to unvaccinated 
individuals who initiated an outbreak. It is important to note that not all unvaccinated individuals 
do so because of vaccine refusal. In some less developed countries, residents simply do not 
have access to the same public health measures as we enjoy in the United States. However, 
in the U.S., there is a direct association between vaccine refusal and the increase of vaccine-
preventable disease, as outlined in a 2016 JAMA review.

For ages people have questioned the safety of vaccines, and there is certainly a lot of pseudo-
science on the internet and elsewhere to provide anecdotal fodder to these arguments. But at 
the end of the day, true science and research has proven over and over again that vaccines 
are safe. And not only safe, but effective and critically necessary to keep the public healthy. 
According to the JAMA review, “A substantial proportion of the U.S. measles cases in the era 
after elimination were intentionally unvaccinated. The phenomenon of vaccine refusal was 
associated with an increased risk for measles among people who refuse vaccines and among 
fully vaccinated individuals.”

As a parent I would do anything to keep my kids safe and healthy. I think any parent would, 
except for those who object to vaccinating their children. To them I would plead, please, 
don’t listen to internet science. Vaccinate your kids. If not for your own child’s health, for the 
sake of public health. Trust me, whatever you believe about vaccines won’t make you feel 
nearly as terrible as a parent than if your child contracts one of these horrible diseases. Or 
worse, if you’re found to be responsible for spreading it to your neighbors, schools, church or 
workplace. I wouldn’t wish the weight of that burden on anyone.

It is issues such as this that drive us to publish this Journal of Contemporary Pharmacy 
Practice, which includes real research and science about medicines and how they keep us 
healthy. We like to think this publication is an important contribution to the medical science 
for all types of medication use in disease management, optimal therapy, and quality of life. We 
hope you enjoy learning from this edition of the Journal, and that it will empower you to help 
your patients think beyond themselves.

Jon R. Roth, MS, CAE                                                                                                                         
Executive Editor

 1. https://www.cdc.gov/measles/about/faqs.html    

 2. https://reference.medscape.com/features/slideshow/vaccine-preventable-diseases#page=1

 3. https://jamanetwork.com/journals/jama/article-abstract/2503179  

The headlines are stark and seem almost unreal: “Measles 
outbreaks in Washington and New York challenge public 
health systems;” “Measles outbreak fueled by anti-
vaccination movement, infectious disease expert says;” 
and “Washington in state of emergency due to measles 
outbreak.”

I find it amazing, and quite frankly a little shocking, that 
we have headlines such as these and need to scramble 
to contain a disease that was considered eradicated in 
the United States in 2000 by the U.S. Centers for Disease 
Control and Prevention . Through a lot of hard work by 
prevention specialists and a strong track record in 
vaccinations (until recently), the U.S. did the ultimate public 
health service, eradicating a disease.

But a phenomenon known as the anti-vaccination, or anti-
vax, culture has established roots in some communities 
throughout the United States. Not surprisingly, it is in those 
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Keeping It Real in the Era of Bots and Trolls

editorial

The views of the author do not represent those of the 
Journal or the California Pharmacists Association.

Today it is much harder to distinguish science from science 
fiction.(1) The advent of social media has created a universe of 
information made up of equal parts of opinion, facts  and false 
information.(2) The evolutionary shifts in the media environment 
that have occurred in recent decades have enabled bad 
actors increasingly to circulate fake news, misinformation, and 
disinformation(3), with the help of trolls, bots, and respondent-
driven algorithms.(4) Internet trolls and bots greatly amplify the 
message of alternative internet news outlets: Between 9% and 
15% of Twitter accounts are estimated to be bots, and Facebook 
estimates that as many as 60 million bots are currently trolling its 
platform; in 2016, 20% of all tweets concerning the presidential 
election came from bots.(3)(5)(6) As a result of these changes 
over the last 30 years, communication in media and political 
environments has changed profoundly in ways that degrade 
effective communication.(4) Rather than process information 
dispassionately, partisan stakeholders resort to motivated 
reasoning with the goal of protecting their beliefs and values 
from external threat. As Iyengar and Massey(4) put it, “As a result, 
whenever scientific findings clash with a person or group’s 
political agenda, be it conservative (as with climate science and 
immigration) or liberal (as with genetically modified foods and 
vaccination risks), scientists can expect to encounter a targeted 
campaign of fake news, misinformation, and disinformation in 
response, no matter how clearly the information is presented or 
how carefully and convincingly it is framed.”

Just as the social media sector and policy makers are 
incessantly faced with the challenge of countering fake news, 
disinformation, and even hate speech, the field of medicine is 
similarly confronted with the spread of inaccurate, incomplete, 
or patently false health information.(2) Making things worse, 
mounting evidence suggests that falsehoods spread more 
easily than truths online.(7) This is compounded by a concurrent 
low trust that is placed in institutions, with a 2016 Gallup report 
indicating that only 36% of individuals in the U. S. have adequate 
confidence in the medical system.(8) Distrust of science and 
misperceptions of scientific knowledge are derived less from 
problems of communication and more from misleading and 
biased information taken from the internet.(4) Three factors that 
lead to erosion of trust in science are: 

1. A rapid decrease in the cost of publishing information; 

2. The expanding opportunities to select a “palatable” online 
information source;  

3. The sheer abundance of misinformation enables its 
persistence. 

In essence, opponents of the content of a report or a message 
need only call it “fake news” to invoke a conspiracy against that 
content.(1)

Gary Besinque, PharmD, FCSHP

Ominously, misinformation on social media can have adverse 
effects on public health. One example is the increasingly 
prevalent antivaccine posts that serve to legitimize debate 
about vaccine safety, potentially reducing vaccination rates 
and increasing vaccine-preventable disease.(2) The concept that 
MMR vaccination causes autism was based on one flawed study 
(Wakefield), long since retracted, countered by seventeen much 
larger and higher quality studies that have proven otherwise. 
Nevertheless, the internet abounds with celebrities, activists, 
and politicians with no specific knowledge or training who use 
their fame to promote a message that causes serious harm.(9)

The number 1 killer of both men and women around the world 
is cardiovascular disease. Robust scientific advances have 
fostered significant improvements that benefit individuals 
and society, but a significant impediment to the optimal 
management of CVD is false medical information.(9) Although 
the scientific community generally still enjoys relatively high 
levels of public trust, one in five individuals expresses skepticism 
about scientists.(2) Distrust in science and misperceptions of 
scientific knowledge increasingly stem less from problems of 
communication and more from the widespread dissemination of 
misleading and biased information, and concerns about public 
misinformation in the United States—ranging from politics to 
science—are growing.(4)(10)

Being misinformed is not only a function of a person’s ability 
and motivation to spot falsehoods, but also of other group-
level and societal factors that increase the chances of citizens 
to be exposed to factual information. In “Science audiences, 
misinformation, and fake news,” Scheufele and Krause(10) 

state, “in the most recent US Science & Engineering Indicators 
(SEI) survey, one in three Americans (36%) misunderstood the 
concept of probability; half of the population (49%) was unable 
to provide a correct description of a scientific experiment; 
and three in four (77%) were unable to describe the idea of a 
scientific study, indicating an inability among many members 
of the public...to differentiate a sound scientific study from a 
poorly conducted one and to understand the scientific process 
more broadly.” A recent assessment of American students’ 
media literacy demonstrates that the vast majority of them 
struggle to (i) recognize the possible biases of politically charged 
tweets and (ii) distinguish between a news story and news-like 
advertisement.(11)

Gaps in perceptions of fake news as a problem and gaps in 
the ability to meaningfully access corrective information across 
groups with different socioeconomic status are troubling and 
are not restricted only to the lay public. Pharmaceutical firms 
have found ways to influence—and often corrupt—medical 
research and publications, and key firms and organizations 
that affect physicians’ clinical choices.(10)(12) These include 
professional associations, continuing education programs, 
online professional networking groups, hospital administrators, 
insurers, organizations that create practice guidelines and 
diagnostic treatment categories, and patient advocacy 
organizations.(12) Since manufacturers sell drugs in a market 
economy, promotion is inevitable, and some promotion 
is appropriate.(12) Nevertheless, marketing is a source of 
institutional corruption, turning institutions away from their
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purpose, when it substitutes false or misleading information 
for reliable medical knowledge and when it co-opts physicians 
and researchers into marketing activities.(12) There is clearly 
a need to educate professional school faculty and students 
about the social psychology underlying manipulative marketing. 
Additionally, the rise of pharmaceutical-firm-funded university 
research changes the social context of research, and along with 
it, the opportunities and constraints on researchers.(12)

There are many ways to counter the onslaught of misinformation. 
One good way is to ensure that our professional charges—
students, interns, residents, mentees, and others—have 
a better grasp on what constitutes good evidence and how 
to spot inaccurate and incomplete information, in print 
or online. Another means, summarized by Hill(9), is that we 
should “enhance science literacy in our world; one place to 
start is by doing a better job of teaching the scientific method 
in our schools so that the lay public is aware that science is 
accomplished in fits and starts, but, in the end, gets it right.”

About the Author
Dr. Gary Besinque is a Pharmacist Evidence Analyst and 
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Services. Prior to joining the PEAS Group at Drug 
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Evaluation of Administration Time and 
Adherence Rates of Morning vs. Bedtime  
Dosing of Antihypertensive Medications 

original research

Purpose                                   
The primary objective of this study was to evaluate the time 
of day patients administer antihypertensive medications. 
Secondary objectives were to evaluate medication 
adherence rates between morning and bedtime dosing and 
possible barriers to bedtime administration. 

Methods
A single-center, cross-sectional study using a mixed-
methods model containing a retrospective chart review 
and telephone survey was administered to hypertensive 
patients at a multidisciplinary, private practice clinic. 
Patients above the age of 18 with a diagnosis of 
hypertension were eligible for inclusion. The primary 
endpoint was the number of patients administering one or 
more antihypertensive medications at bedtime. Secondary 
endpoints were medication adherence and potential 
barriers of adherence to bedtime dosing. 

Results
A total of 139 responses were collected. Most patients 
(75.5%) administered all antihypertensive medications in 
the morning, with only 24.5% of patients administering 
at least one antihypertensive medication at bedtime. 
Adherence was higher for medications administered in 
the morning compared to medications administered at 
bedtime, 87.8% and 79.4%, respectively. Limitations to this 
study include the single-center design and potential for 
patient recall and reporting bias when using self-reported 
data. 

Conclusion
Results of this study suggest that the prevalence of 
bedtime administration of antihypertensive medications 
is low. Although self-reported adherence rates were 
higher with morning dosing compared to bedtime dosing, 
adherence rates for bedtime dosing were still promising. 
Future studies should be conducted to expand on existing 
morbidity and mortality evidence as well as prevalence 
of and adherence to bedtime dosing of antihypertensive 
medications.

Keywords:
hype r tens ion;  b lood p ressu re;  ch ronothe rapy ; 
a n t i h y p e r t e n s i v e  m e d i c a t i o n  a d m i n i s t r a t i o n ; 
antihypertensive medication adherence; bedtime dosing.

Laura A. Perry, PharmD, BCPS; Suzanne M. Surowiec, PharmD, BCACP;                       
Danielle A. Danso, PharmD, MS; Omuwa I. Kerobo, PharmD; Ashley A. Anugwom, PharmD; 
Kihara P. Couvertier, PharmD

Background
High blood pressure, a leading risk factor for heart disease 
and stroke, is most commonly diagnosed and managed 
using daytime in-office blood pressure measurements.
(1)Blood pressure (BP) for most individuals follows a 
circadian rhythm. Under normal physiologic conditions, 
it is expected to have a lower BP while asleep, followed 
by a steep rise in BP, or morning BP surge, upon 
awakening.(2-5) Blunted mean asleep-time BP decline 
and/or sharp rises in BP upon awakening may lead to 
increased damage to target tissues and blood vessels 
during the morning hours, resulting in more CVD events 
during this time.(2)(6) Several studies and systematic reviews 
have concluded that systolic nighttime BP is a stronger 
predictor of cardiovascular risk than systolic daytime BP 
in hypertensive patients.(2)(3)(5)(7-12) Furthermore, a meta-
analysis of hypertensive patients by Roush et al. suggests 
that nighttime SBP independently predicts cardiovascular 
events, while daytime SBP and clinic SBP are not 
predictive of cardiovascular events.(10)

Chronotherapeutics is defined as the practice of 
purposeful timing of antihypertensive medication therapy 
with the known circadian rhythm of BP.(4)(12) Through 
the use of specific drug-delivery technology as well as 
nighttime dosing of traditional antihypertensive agents, 
chronotherapy of hypertension aims to restore the 
normal circadian pattern, attenuate the early morning 
BP surge, and normalize elevated daytime BP.(4)(12) A 
Cochrane review by Zhao et al. concluded that nighttime 
dosing of antihypertensive medications is more effective 
than morning administration to lower 24-hour BP with 
no statistically significant difference in adverse effects.(6) 

Furthermore, the Ambulatory Blood Pressure Monitoring 
for Prediction of Cardiovascular Events (MAPEC) 
study concluded that administration of at least one BP 
medication at bedtime reduced the risk of the total and 
major CVD events in hypertensive patients.(13-15)

Although recent literature demonstrates the potential CVD 
benefit of lowering nocturnal BP with bedtime dosing of 
antihypertensive medications in patients with hypertension, 
research exploring prevalence of bedtime dosing of 
antihypertensive medications is lacking. Additionally, a 
gap in knowledge exists in terms of patient adherence to 
bedtime dosing.

Objectives
The primary objective of this study was to evaluate the time 
of day patients administer antihypertensive medications. 
Secondary objectives were to evaluate medication 
adherence rates between morning and bedtime dosing and 
possible barriers to bedtime administration.
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Methods
Design
A single-center, cross-sectional study using a mixed-
methods model containing a retrospective chart review 
and telephone survey was completed in January 2017 at 
a multidisciplinary physician practice located in Northwest 
Ohio. The research team obtained permission to survey 
patients cared for by one interventional cardiologist at this 
practice site. This study was approved by The University of 
Findlay Institutional Review Board. 

Participants
Patients at least 18 years old with a documented diagnosis 
of hypertension were included. Patients were excluded 
if they were younger than 18 years old, pregnant, 
unable to speak English, or unable to answer questions 
independently. A total of 1352 patients were eligible for 
inclusion. The study investigators determined that at least 
125 responses would be needed to assess the primary 
outcome. Assuming a 50% response rate, a total of 250 
patients were contacted. 

Endpoints
The primary endpoint was the number of patients 
administering one or more antihypertensive medications at 
bedtime. Secondary endpoints were medication adherence 
and potential barriers of adherence to bedtime dosing of 
antihypertensive medications.

Retrospective Chart Review and Telephone 
Questionnaire
The research team performed a retrospective chart review 
first to document patient demographics, past medical 
history, BP reading from last office visit, and medication 
history. Following completion of the retrospective chart 
review, the patient was contacted and verbal consent 
was obtained prior to administering the telephone 
questionnaire. The telephone questionnaire consisted 
of nine questions directed to the patient and evaluated 
self-reported years since diagnosis of hypertension, 
administration time of antihypertensive medications, 
medication adherence, and barriers to medication 
adherence. The retrospective chart review and telephone 
questionnaire were validated through peer-review by 
faculty at the University of Findlay College of Pharmacy 
followed by a small pilot survey involving 10 eligible 
patients. The retrospective chart review and telephone 
questionnaire are available in the supplementary materials 
(see Appendix).

Data Analysis
Morning administration was defined as any medication 
taken upon awakening. Bedtime administration included 
any medication taken in the evening or at bedtime. To 
remain consistent with the MAPEC study design,(13) the only 
study to show cardiovascular benefit of bedtime dosing 
of antihypertensive medications, patients who reported 
taking medications twice daily (both in the morning and 
at bedtime) were included in the morning administration 
group. All demographic information and verbal responses 
were de-identified prior to analysis. Quantitative analysis 
was performed using descriptive statistics (mean +/- 
standard deviation) in Microsoft Excel. 

Results
Out of 1352 eligible patients, 250 patients were contacted 
and 139 patient responses were collected. One hundred 
and eleven patients either refused to participate (28 
patients) or were not available for contact (83 patients) due 
to reasons such as invalid phone number or no answer. 
The average age of patients surveyed was 72.8 years with 
a similar number of male and female patients included 
(51.8% and 48.2%, respectively). Additionally, most 
patients (59.7%) had hypertension for at least 10 years 
or more and were taking three or more antihypertensive 
medications (46.8%). The most common comorbidities 
were hyper l ip idemia and cl in ical atherosclerot ic 
cardiovascular disease (ASCVD; i.e. coronary artery 
disease, MI, history of percutaneous coronary intervention, 
angina, peripheral arterial disease, and stroke), 81.3% and 
70.5%, respectively. About 36.7% of patients had type 2 
diabetes. Table 1 provides a full description of the study 
population demographics. 

More pat ients administered a l l  ant ihyper tensive 
medications in the morning (75.5%), with only 24.5% 
of patients administering at least one antihypertensive 
medication at bedtime. It was also noted that while 
age was similar between the groups, more males than 
females were taking antihypertensives at bedtime, 58.8% 
and 41.2%, respectively. Additionally, most patients 
with hyperlipidemia and clinical ASCVD administered 
antihypertensives at night (94.1% and 76.5%, respectively). 
While average heart rate and DBP were similar between 
groups, the average mean SBP was 2.6mmHg lower 
for patients administering at least one antihypertensive 
medication at bedtime. Overall, 74.8% of patients had a 
most recent in-office SBP of <140 mmHg.

In descending order, the most common antihypertensive 
medications taken at bedtime were angiotensin converting 
enzyme inhibitors (ACEI) and angiotensin receptor blockers 
(ARB), followed by calcium channel blockers (CCB), beta-
blockers (BB), and loop diuretics (Figure 1). Additionally, 
75.2% of patients administering all antihypertensive 
medications in the morning reported administering 
other non-antihypertensive medications at bedtime. 
The number of patients who reported taking all doses 
of antihypertensive medication in the past seven days 
was higher for medications administered in the morning 
compared to medications administered at bedtime, 
87.8% and 79.4%, respectively (Figure 2). Self-reported 
reasons for non-adherence to bedtime dosing included 
forgetfulness, side effects, and preference for morning 
administration.

Discussion
Antihypertensive medications are commonly administered 
as once daily formulations in the morning. This strategy 
has been adopted because outcomes studies showing 
the benefit of treating hypertension to reduce CVD 
risk utilized monotherapy or combination therapy with 
antihypertensive agents administered once daily in the 
morning upon awakening.(2)(6) This strategy seems to be 
consistent with our findings, as the majority of patients 
surveyed administer all antihypertensive medications in 
the morning. Additional data analysis revealed that 79 
patients administering all antihypertensive medications 
in the morning reported taking a non-antihypertensive 
medication at bedtime. This finding suggests that of the 
139 patients surveyed, 79 may be willing to also dose an 
antihypertensive medication at bedtime (56.8% of patients 
surveyed).
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Table 1.
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Figure 1.

Results from our survey indicate that ACEI/ARB and CCB 
are most commonly administered at bedtime. However, 
determining the most appropriate antihypertensive 
medication to administer at bedtime is difficult due to 
the lack of high quality evidence. Not all antihypertensive 
medications have shown equal efficacy at lowering mean 
asleep-time BP, and not all antihypertensive medications 
or classes have been studied. Available data suggests 
that ACEI and ARB have the most evidence to support 
efficacy of bedtime dosing in decreasing mean asleep-
time BP to restore dipping status.(2) Bedtime dosing of 
doxazosin, extended release nifedipine, and torsemide 
have also demonstrated efficacy at lowering mean asleep-
time BP over morning dosing. Insufficient or conflicting 
data exists for other alpha-blockers, CCB, and diuretics, 
as well as other antihypertensive classes not mentioned.
(6)(12) Regardless, no study has been powered to detect 
differences in CVD events between antihypertensive 
medication regimens. Additional studies evaluating the 
CVD benefit of specific antihypertensive medications and 
medication classes are needed.

Publ ished studies evaluating bedtime dosing of 
antihypertensive medications have either not evaluated 
medication adherence or have failed to report adherence 
data.(6)(13) Results of our study found that adherence rates 
for the morning dosing group were higher compared to 
the bedtime dosing group. Due to the exploratory methods 
used to evaluate medication adherence in this study, it 
is not feasible to compare our adherence rates to other 
established benchmarks. Despite this, a self-reported 
adherence rate for bedtime dosing of roughly 79% was 
promising and worth exploring in future studies. Additional 
studies using more robust, widely accepted adherence 
measures are needed to fully evaluate the impact bedtime 
dosing has on medication adherence rates. 

Currently, the American Diabetes Association (ADA) and 
Kidney Disease Improving Global Outcomes (KDIGO) 
are the only evidence-based guidelines acknowledging 
the potential reduction in cardiovascular events with 
bedtime dosing of antihypertensive medications. Despite 
this acknowledgement, ADA and KDIGO do not make a 
recommendation for bedtime-administration.(16)(17) 
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Figure 2.

Guidelines from the American College of Cardiology (ACC) 
and American Heart Association (AHA) Task Force as well 
as other hypertension guidelines do comment on bedtime 
dosing.(18-21) Until more data is obtained regarding the 
potential morbidity and mortality benefits and adherence 
rates of specific antihypertensive medication regimens 
in broader study populations, bedtime dosing should 
be recommended on an individualized patient basis. 
Pharmacists can play a key role in identifying patients 
who may benefit from bedtime dosing of antihypertensive 
medications.

Study Limitations
The single-center design and small sample size of mostly 
white/Caucasian patients limit extrapolation of the data 
obtained in this study. Additionally, the potential for recall 
and reporting bias due to self-reported administration 
time, medication adherence, and barriers to adherence 
may influence the reliability of the telephone questionnaire. 
Inclusion of the twice daily antihypertensive medications in 
the morning dosing group may under-estimate the number 
of antihypertensive medications administered at bedtime. 
This definition of morning dosing was in accordance with 
the MAPEC study, the only published study to show CV 
benefit of bedtime dosing. Medication adherence was 
evaluated using patient self-reported adherence over 
the past seven days, which is an exploratory analysis of 
medication adherence.

Conclusion
Results of this study suggest that the prevalence of 
bedtime administration of antihypertensive medications 
in hypertensive patients is low. Although self-reported 
adherence rates were higher with morning dosing 
compared to bedtime dosing, adherence rates for bedtime 
dosing were still promising. Additional studies should be 
conducted to expand on existing morbidity and mortality 
evidence as well as prevalence of and adherence to 
bedtime dosing of antihypertensive medications.
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An Evaluation of the Initiation and Use of Sacubitril/
Valsartan in an Inpatient Heart Failure Population:     
A Retrospective Medication Use Evaluation

original research

Background & Objectives                                 
Heart failure is a clinical syndrome resulting from structural 
or functional impairment of ventricular filling or ejection 
of blood to the systemic vasculature.(1) Approximately 5.7 
million people in the United States have heart failure, of 
which about half will die within 5 years of diagnosis. In 
2009, heart failure was attributed as a contributing cause in 
1 out of every 9 deaths.(2) The costs associated with heart 
failure are high, with estimates of around $31 billion each 
year.(3)

Currently, treatment options have proven to reduce 
morbidity and mortality in patients diagnosed with heart 
failure with reduced ejection fraction (HFrEF).(1) Standards 
of therapy for these patients include angiotensin-converting 
enzyme inhibitors (ACEI) or angiotensin receptor blockers 
(ARBs) in combination with an evidence based beta blocker 
(carvedilol, bisoprolol, or metoprolol succinate), as these 
agents have been proven to reduce morbidity and mortality 
in clinical trials.(1) In patients with certain characteristics, 
hydralazine/isosorbide dinitrate or an aldosterone 
antagonist may also be indicated when clinically 
appropriate, for reduction in morbidity and mortality.(1) 
Sacubitril/valsartan (Entresto®) is an angiotensin receptor-
neprilysin inhibitor (ARNI) combination medication FDA 
approved for use in patients with chronic heart failure (New 
York Heart Association (NYHA) Class II-IV) and HFrEF to 
reduce the risk of cardiovascular death and hospitalization 
for heart failure.(4) Sacubitril is a novel prodrug that inhibits 
the breakdown of natriuretic peptides, which increases 
downstream vasodilation, natriuresis and diuresis.(4)

Sacubitril/valsartan can be given in combination with other 
heart failure therapies, in place of conventional ACEI or 
other ARBs.(4) Sacubitril/valsartan received its FDA approval 
in July 2015, after it was found to be superior to enalapril 
in reducing the risk of the composite outcome of death 
from cardiovascular causes or a first hospitalization for 
heart failure in the PARADIGM-HF trial.(4) A recap of the 
PARADIGM-HF trial is included in Table 1. In a focused 
update on new pharmacological therapy for heart failure 
published in 2016, the American College of Cardiology/
American Heart Association/Heart Failure Society of 
America (ACC/AHA/HFSA) made Class I recommendations 
for the ARNI (level of evidence B-R) as an alternative to 
an ACEI (level of evidence A) or ARB (level of evidence 
A) in conjunction with evidence-based beta blockers, 
and aldosterone receptor antagonists (ARA) in selected 
patients, for patients with chronic HFrEF to reduce 
morbidity and mortality.(6)  The level of evidence (LOE) is 
classified as an ‘A’ if the evidence to support therapy is 
high quality and from more than 1 randomized controlled 
trial (RCT). Level B is subcategorized whereas ‘B-R’ is 
moderate quality evidence from at least 1 randomized cont-
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rolled trial or meta-analysis of moderate-quality RCT.6 
The focused update also made the Class I, LOE B-R 
recommendation to use the ARNI to replace an ACEI or 
ARB in patients with chronic symptomatic HFrEF NYHA 
Class II or III for further reduction of morbidity and 
mortality.(6) This novel therapy has currently only been 
studied in the outpatient setting with the majority of 
patients classified as NYHA functional Class II (70%) and 
only 0.7% of patients as NYHA Class IV.

In an editorial following the pivotal trial, it was noted 
that, “Still, in the intervention arm of PARADIGM-HF, the 
mortality rate among patients with heart failure remains 
about 20% over 2 years, highlighting the reality that this 
newest entry hardly concludes the compelling story of 
heart-failure treatment.”(7) While a phase 4 study, PIONEER-
HF, has recently evaluated the effect of inpatient initiation 
of sacubitril/valsartan versus enalapril on time averaged 
change in NT-proBNP in stabilized patients who were 
hospitalized for an acute heart failure episode, current 
evidence for approval of sacubitril/valsartan mostly 
lies in the outpatient population. Initiation of sacubitril/
valsartan in appropriate patients at discharge may 
present an opportunity to decrease 30-day readmission 
rates. However, with an average wholesale price of 
$610.94 for 60 tablets, addition to formulary may add 
considerable costs for institutions.(8) Luo et al. examined 
the number of sacubitril/valsartan prescriptions written 
at hospital discharge in 347 hospitals during the one-
year period following approval. This study found that 
among 21,078 hospitalized patients with heart failure, 
2.3% of patients received prescriptions for ARNI 
therapy at discharge.(9) Despite proven morbidity and 
mortality benefits of sacubitril/valsartan in an outpatient 
population, our hypothesis is that few patients in the 
inpatient setting will meet current criteria, based on 
PARADIGM-HF, for initiation of this novel therapy. The 
objective of this study was to determine if the initiation 
of sacubitril/valsartan in an inpatient setting has a 
potential role in the management of hear t failure.                                                        

Methods                             
Upon approval by the university and community hospital 
Institutional Review Boards, a retrospective observational 
medication utilization evaluation was performed via 
electronic chart review of all patients with a diagnosis of 
HFrEF admitted between September 2016 and December 
2016 from two community hospitals, referred to as site 1 
(327 beds) and site 2 (233 beds). Patients were excluded 
from the study if they had an EF > 40% or if an EF was not 
documented. To determine patient eligibility for initiation of 
sacubitril/valsartan, data collection mirrored the inclusion/
exclusion criteria of the PARADIGM-HF study (Table 3).
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Table 1.

Data collection included currently prescribed heart failure 
medications for each patient, eGFR, serum potassium, 
blood pressure documentation, and NT-proB-type 
natriuretic peptide. Descriptive statistics were used to 
present the findings of the data. Blinded patient data was 
collected using Microsoft Excel. Patient demographics 
collected are in Table 2. The primary study outcome 
was percent of hospitalized heart failure patients who 
would be appropriate candidates for inpatient initiation 
of sacubitril/valsartan therapy based upon drug labeling, 
guidance from the ACC/AHA/HFSA focused update on 
new pharmacologic therapy for heart failure, and inclusion 
criteria from the PARADIGM-HF study (Table 3). Patients 
were classified as eligible for ACEI, ARB, beta blocker or 
spironolactone based on notes made by the physician or 
noted contraindication to respective therapy. 

Results
Baseline demographics of patients included in the 
final analysis are presented in Table 2. Although small 
samples, it appeared that patients were younger and 
length of stay slightly higher at site 2 compared with site 
1. All patients were noted to be hemodynamically stable at 
baseline. Results of the primary outcome and exploratory 
secondary outcomes are located in Table 4. Over the 
evaluation period, 32 and 25 patients from Site 1 and Site 
2, respectively, were identified from the reports generated, 
which included those with a diagnosis of heart failure. 
All of these patients had a documented ejection fraction 
of < 40. After excluding duplicates, 57 patients were 
analyzed; however, 5 (8.77%) patients were on maintenance 
sacubitril/valsartan therapy and therefore not included in 
the analysis of the primary outcome. 
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Discussion & Limitations
Upon reviewing a cross section of hospitalized heart failure 
patients, based on the labeling for sacubitril/valsartan, 
and current published clinical study data, only a small 
proportion of patients in an inpatient setting may qualify 
for ARNI initiation therapy and, therefore, potentially realize 
the benefits observed in the pivotal study. Despite the small 
number of patients in this evaluation, the eligibility of 3.85% 
of patients noted in this study is similar to the 2% of eligible 
patients Luo et al. noted in their review.(9) Trials such as 
PIONEER-HF, may provide insight into potential uses for 
the novel drug in the inpatient setting, and hospitals may 
then consider addition of this drug to formulary. In addition 
to the place in therapy in the inpatient setting, decision 
makers will have to consider potential safety issues with 
the use of sacubitril/valsartan. In January of 2017, the 
Institute for Safe Medication Practices (ISMP) published 
an acute care safety alert reporting 55 cases of patients 
receiving contraindicated therapy of both ACEI treatment 
and sacubitril/valsartan, a dangerous combination that can 
lead to serious outcomes including angioedema.(10)

Table 2.

Of the 52 remaining patients, 2 (3.85%) met the eligibility 
criteria outlined in Table 3 and therefore identified 
as candidates for initiation of sacubitril/valsartan in the 
inpatient setting. Both of these patients were white males, 
63 or 72 years of age, with renal function between 30 and 
60 mL/min/1.73 m², and had normal potassium values. 
The most common reason that patients were excluded as 
candidates for treatment with sacubitril/valsartan was use 
of an ACEI/ARB below the target HF dose (31%, n=16), 
followed by absence of ACEI/ARB therapy (13%, n=7) and 
presence of hypotension (13%, n=7). Causes for exclusion 
were similarly distributed between both institutions. 
Average BNP and EF for all patients was 1,305 pg/mL and 
23%, respectively, and averages were similar between 
institutions. Of the 37 patients who were candidates for 
ACEI/ARB therapy, only 16.2% (n=6) were receiving a target 
dose, and of those patients, the average ACEI enalapril 
dose equivalent was 3.39 mg/day. Of the 47 patients being 
treated with beta blockers, 95.7% (n=45) were treated with 
carvedilol, an evidence-based heart failure beta blocker. 
The two patients who were not receiving carvedilol were 
treated with metoprolol tartrate (not evidence-based). Of 
the 28 patients identified as candidates for aldosterone 
antagonist therapy, 39% (n=11) were receiving therapy.
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Table 3.

Table 4.
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The product information says that if a patient has 
been receiving an ACEI, a 36-hour washout period is 
required prior to initiation of sacubitril/valsartan.(4) To 
avoid unsafe prescribing practices, physicians should 
be educated on dosing conversions, washout periods, 
and monitoring recommendations. The QuarterWatch 
report from ISMP released another update in early 
2018 reporting an increased risk of hypotension-related 
events, citing that 1,684 events were reported in patients 
treated with sacubitril/valsartan compared with any other 
cardiovascular medication in the 12 month period of 
2017.(11) If institutions consider adding sacubitril/valsartan 
to formulary despite the lack of multiple studies, they 
may consider restricting prescribing to cardiologists and 
continue to monitor use in relevant patient populations. As 
mentioned previously, the PIONEER-HF trial has evaluated 
the inpatient initiation of sacubitril/valsartan compared 
with enalapril in patients who have been stabilized after 
hospitalization for an acute decompensated HFrEF.(12) 
Although the primary end-point of PIONEER-HF is the 
time-averaged proportional change in NT-proBNP from 
baseline, this surrogate endpoint is associated with a 
lower risk of CV mortality or hospitalization for worsening 
HF. Thus, this primary endpoint and the secondary 
endpoints studied in PIONEER-HF may provide valuable 
insights to support or question inpatient initiation following 
hospitalization for acute HF.(12)

Exploratory secondary outcomes of this medication 
use evaluation have provided insight into the general 
management of heart failure patients, and identifies some 
gaps in care. Based on the sample population in this 
analysis, most patients are unable to reach targeted doses 
of their ACEI/ARBs or beta blockers. Indeed, this was 
the main reason patients were excluded as candidates 
for sacubitril/valsartan therapy. Based on the inclusion 
criteria of the PARADIGM-HF trial, patients must be able 
to tolerate an equivalent daily dose of enalapril 10 mg or 
greater for at least four weeks before being switched to 
sacubitril/valsartan. The morbidity and mortality benefit 
of ACEIs/ARBs has been extensively studied, and most 
patients are able to tolerate titration to target doses of 
these medications over other HF therapies (beta blockers, 
aldosterone antagonists).(13-15) The titration of ACEI/ARBs 
to target doses in symptomatic HF patients should be 
a priority for clinicians before considering initiation of 
sacubitril/valsartan. An additional area for potential 
improvement in therapy is the use of an aldosterone 
antagonist where appropriately indicated, as only 37% of 
ARA-eligible patients were being treated with this therapy 
that can potentially reduce the risk of HF morbidity and 
mortality by over 30%.(16)(17) Although the PARADIGM-HF 
trial excluded patients with eGFR <30 mL/min/1.73m2, 
current product labeling notes that patients who qualify for 
sacubitril/valsartan with eGFR <30 mL/min/1.73m2 should 
be initiated on 24/26 mg twice-daily and titrated up.(4) Of 
note, both patients in this evaluation who qualified for ARNI 
therapy had an eGFR >30 mL/min/1.73m2.

Due to the retrospective nature of this study and acuity of 
the patients’ clinical status, data quality and availability 
were inherently limited by variable documentation. Major 
clinical variables that could not be reliably collected include 
whether patients were receiving a stable dose of their beta 
blocker or ACEI, history of angioedema, NYHA functional 
classification, and justification as to why patients were 
not receiving guideline directed medication therapy (e.g., 
allergy, patient preference, inability to tolerate adverse 
effects, etc.). 

In addition, there were parameters that were not collected 
that could have strengthened our data set, including patient 
weight, to determine maximum dose of carvedilol, and 
use of an aldosterone antagonist during acquisition of the 
first data set (9 patients). Finally, because patients were in 
the hospital, doses of home medications may have been 
held or doses may have been reduced for various reasons, 
leading it to appear as if the patient was not optimized 
on their HF therapy. Although the PARADIGM-HF study 
showed a significant decrease in rate of hospitalization, not 
all patients included were previously hospitalized for heart 
failure at baseline. As sacubitril/valsartan’s use increases, it 
may be beneficial to evaluate other outcomes such as time 
to re-hospitalization or readmission rates for heart failure.

Conclusion
Results of this small observational study suggest that 
only a few hospitalized patients with heart failure would 
likely qualify for inpatient initiation of sacubitril/valsartan. 
Future randomized, controlled trials of sacubitril/valsartan 
in hospitalized patients will provide further insight into 
the drug’s role in the inpatient setting, allowing providers 
and key clinical decision makers to make more informed 
formulary decisions. The collected data also suggests 
that there is an opportunity to optimize heart failure 
pharmacotherapy following guideline recommendations. 
It appears the biggest gaps in therapy include initiation 
or dose titration to target doses of ACEI/ARBs and use of 
aldosterone antagonists where clinically indicated. 
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Evaluation of the Impact of Antimicrobial 
Stewardship Program (ASP) on Unrestricted Use 
of Meropenem at an Academic Medical Center 

original research

Abstract

Objective
The primary objectives were to evaluate the prescriber 
acceptance rate of Antimicrobial Stewardship Program (ASP) 
pharmacist recommendation to de-escalate/discontinue 
meropenem, and estimate the dif ference in duration of 
meropenem therapy. The secondary objective was to determine 
incidence of adverse events in the two groups.  

Methods

It was a retrospective study. All patients admitted to Gwinnett 
Medical Center and receiving meropenem from January-
November 2015 were included in the study. Exclusion criteria 
were: patients admitted to  intensive care unit, one-time dose , 
infectious disease consultation, and age <18 years. Electronic 
medical records were reviewed for data collection. The control 
group consisted of patients from January-July 2015 when there 
was no ASP pharmacist. The intervention group consisted of 
patients from August-November 2015 during which period the 
ASP pharmacist recommended de-escalation/discontinuation of 
meropenem based on culture and sensitivity results. 

Results

A total of 41 patients were studied, 21 in the control group 
and 20 in the intervention group. There was no significant 
difference in baseline characteristics in the two groups and in 
terms of prior hospitalization or antibiotic use (within 90 days) 
and documented or suspected MDRO infection at the time of 
admission. De-escalation/discontinuation was suggested in 
16/20 patients in the intervention group (80%), and intervention 
was accepted in 68%. The mean duration of therapy was 
significantly decreased in the intervention group (5.6 days vs. 8.1 
days, p =0.0175). Two patients had thrombocytopenia (unrelated 
to meropenem), and none of the patients had seizure. 

Conclusion

Targeted antibiotic review is an effective ASP strategy, which 
significantly decreases the duration of meropenem therapy.  

Introduction
Antimicrobial resistance has emerged as a major healthcare 
problem in the 21st century. According to the Centers for 
Disease Control and Prevention (CDC) in 2013, more than 2 
million people in the United States became seriously infected 
with bacteria resistant to at least one antibiotic normally used to 
treat those infections, and at least 23,000 people died directly 
due to antibiotic-resistant infections.(1) Rates of antimicrobial 
resistance among hospitals and community pathogens have 
increased considerably during the past decade.(2) This growing 

Priyam Mithawala, PharmD

issue of antimicrobial resistance has substantially contributed 
to the economic burden of the healthcare system. Antimicrobial 
resistance leads to multidrug resistant organisms (MDROs). 
Infection with MDRO leads to an increase in length of stay in the 
hospital by more than 8 million days annually. Average duration 
of hospitalization is prolonged by 6.4 to 12.7 days.(3) According 
to the CDC data, total healthcare costs are estimated to be up to 
$55 billion, with costs related to loss of productivity contributing 
almost two-thirds.(1) 

The Infectious Diseases Society of America (IDSA) has listed 
groups of pathogens known as ‘ESKAPE’ pathogens that pose 
the highest threat, due to increments in prevalence and lack 
of effective therapeutics.(4) These pathogens currently cause 
the majority of hospital infections and effectively 'escape' the 
effects of available antibacterial drugs. The ESKAPE pathogens 
are composed mostly of gram negative bacilli (GNB), such 
as Pseudomonas aeruginosa, Acinetobacter baumannii 
and common Enterobacteriaceae (Klebsiella pneumoniae, 
Enterobacter species, and Escherichia coli).(4) Carbapenems 
are beta-lactem agents with established efficacy for treatment 
of GNBs. Due to their safety and established efficacy, 
carbapenems are usually the last resort option in hospitals' 
drug armamentarium for treating MDR-GNB. The emergence 
and spread of resistance to carbapenems among common 
GNBs have led to multiple interdisciplinary efforts attempting to 
contain its spread.(5-8)  

Since one of the major reasons for antimicrobial resistance 
is widespread access combined with inappropriate use of 
broad spectrum antibiotics, establishing and strictly adhering 
to an antimicrobial stewardship program (ASP) can reduce 
the emergence of resistance. However, there is a dearth of 
scientific evidence to support the impact of stewardship 
practices on containing carbapenem-resistant GNB emergence 
and acquisition.(9) Hence the primary objectives of this study 
were: i) to evaluate the prescriber acceptance rate of ASP 
pharmacist recommendations to de-escalate/discontinue 
meropenem, and ii) to estimate a difference in duration of 
meropenem therapy with ASP pharmacist intervention 
compared to no intervention. The secondary objective of this 
study was to determine the incidence of documented adverse 
drug reactions due to meropenem therapy, specifically seizures 
and thrombocytopenia.

Methods

Study setting and implementation                        
of ASP at the site

This was a single center pilot study conducted at Gwinnett 
Medical Center – a 553-bed ter tiary care hospital in 
Lawrenceville, Georgia. For the purpose of this study, an ASP 
pharmacist was appointed to review meropenem orders three 
times a week on selected medical floors.
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Orders were reviewed by reviewing patients’ electronic charts 
to determine the condition for which the patient is being 
treated and the medical history. If an order was found to be 
inappropriate or suboptimal, the pharmacist contacted the 
prescriber directly, to either de-escalate/discontinue the 
meropenem therapy. De-escalation/discontinuation was based 
on the following: i) negative cultures at 72 hours, and ii) final 
culture and sensitivity results. All recommendations were 
communicated to the primary care team through documentation 
in the patient’s chart and frequently included telephone or 
in-person discussions. There was no extra cost for this set-up, 
and the pharmacist who normally worked on the floors took up 
this responsibility. The pharmacist did have some help at times 
from pharmacy residents and students when on rotation. 

Sample size calculation 

To observe an acceptance rate of at least 40% (with an alpha 
error rate of 5%), a sample size of 18 will provide a statistical 
power of 95%. Similarly, to observe a decrease in mean duration 
of meropenem therapy by 1.5 days (with an alpha error rate of 
5%), a sample size of 17 will provide a statistical power of 95%. 

Data collection

Data was collected from January to November 2015. Inclusion 
criteria were: patients admitted to the hospital and receiving 
meropenem therapy. Exclusion criter ia were: patients 
admitted to  intensive care unit (ICU), one-time meropenem 
administration, infectious disease consultant on the case, or age 
<18 years. 

The control group consisted of patients who received 
meropenem therapy according to hospital practice without ASP 
pharmacist intervention (Jan – July 2015). 

The intervention group consisted of patients who were started 
on meropenem therapy and the order was reviewed by an 
ASP pharmacist to make necessary recommendations to 
de-escalate/discontinue meropenem therapy (August – 
November 2015). Patients in both groups were identified by 
VigiLanz® software program. VigiLanz® is a clinical decision 
support software that can identify patients based on the search 
criteria specified. All data were collected using electronic 
medical records. After reviewing 60 consecutive patients’ data, 
a total of 41 patients were included in the final analysis (20 in 
the control group and 21 in the intervention group). Nineteen 
patients were excluded due to the following reasons: ICU 
patients (n=8), one-time meropenem administration (n=2), 
infectious disease consultation (n=7) and age <18 years (n=2). 

Data collection included demographics, risk factors for MDRO 
infection (previous infection or colonization with MDRO, recent 
use of broad-spectrum antibiotics, invasive procedures or the 
use of medical devices (e.g., urinary catheters, endotracheal 
tubes, vascular catheters), comorbid conditions such as 
diabetes or chronic kidney disease, receiving hemodialysis, 
residents of nursing homes or long term care facilities, and 
those receiving immunosuppression therapy), indications for 
initiating meropenem therapy, duration of meropenem therapy, 
intervention rationale, and whether or not the intervention was 
accepted. In the intervention group, data on recommended 
therapy in lieu of meropenem was also gathered. A gram-
negative isolate was considered an MDRO if it was non-
susceptible to ≥1 agent in ≥3 antimicrobial classes.

Our primary outcome measures were the prescriber acceptance 
rate of ASP pharmacist recommendation and the difference 
in duration of meropenem therapy with ASP pharmacist 

intervention compared to no intervention. The prescriber 
acceptance rate was calculated (intervention accepted /total 
reviewed interventions) for the intervention group.

The secondary outcome of this study was the incidence of 
documented adverse drug reactions secondary to meropenem 
use, especially seizure and thrombocytopenia. Information 
on adverse drug reactions secondary to meropenem was 
abstracted from the patients’ electronic medical records.

A chi-square test was used to compare the categorical variables 
between the two groups and a students’  t-test was used to 
compare the continuous variables between the two groups. The 
student’s  t-test was also used to detect the difference in the 
duration of meropenem therapy between the two groups. The 
hospital’s Institutional Review Board (IRB) approved the study. 
The alpha level used for statistical tests was 0.05.

Results
The median age in the control group was 64 years (interquartile 
range (IQR) 40-100 years) vs. 59 years (IQR 34-90 years) in the 
intervention group (p=0.21). A total of 51.2% of the population 
was male (9 in the control group, 12 in the intervention group). 
There was no statistically significant difference in the ethnicity 
or clinical conditions like hypertension and diabetes between the 
two groups (Table 1). 

Risk factors for MDRO infection and indicators 
for meropenem therapy

A total of 5 patients (23.8%) in the control group had risk 
factors for MDRO infection compared to 7 patients (35%) in the 
intervention group (p=0.27). There was no statistically significant 
difference in the computerized physician order entry (CPOE) 
indications for initiating meropenem in both the groups (Table 
1). Suspected MDRO infection was found to be the major CPOE 
indication for initiating meropenem therapy (16 in the control 
group, 15 in the intervention group.) Among the total 31 patients 
who had suspected MDRO infection as CPOE indication for 
starting meropenem therapy, only 7 had cultures positive for 
MDRO (22.5%).

ASP pharmacist’s recommendations and 
meropenem de-escalation/discontinuation

In the intervention group, the de-escalation/discontinuation 
of meropenem was recommended in 16 patients (80%). 
The intervention was accepted in 11 out those 16 patients 
(68% acceptance rate). Reasons for non-acceptance of ASP 
interventions were classified as follows: 1) physician’s clinical 
decision, 2) patient still sick, do not wish to de-escalate/
discontinue, 3) patient improving with current antibiotics. 
Interventions recommended were discontinuation of meropenem 
in 6 patients (37.5%) - negative cultures at 72 hours and 
de-escalation to other antibiotics in 10 patients (62.5%) - based 
on final culture and sensitivity results (Figure 1). Ertapenem was 
the most frequently recommended antibiotic for de-escalation 
(50%) followed by ceftriaxone (20%), and ciprofloxacin (10%) 
(Figure 2). The mean duration of meropenem therapy was 
significantly decreased in the intervention group (5.6 ± 1.8 days) 
compared to the control group (8.1 ± 2.9), p=0.0175.
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Table 1.
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Adverse drug reactions 

Out of the entire study population, 2 patients (9%) had 
thrombocytopenia, which was found to be unrelated to 
meropenem therapy. There were no episodes of seizure in any 
of the patients. All meropenem doses were adjusted for renal 
function. 

FIgure 1.

FIgure 2.

Discussion
In our pilot study, we found that ASP pharmacist intervention 
was successful in significantly decreasing the mean duration of 
meropenem therapy by 2.5 days. One contributing factor to the 
low acceptance rate of our ASP interventions (68%) could have 
been the novelty of an ASP that targeted meropenem utilization 
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in our institution. However, with continued efforts it is likely to 
improve. A study by Lew et al. showed a similar acceptance rate 
(68%) for de-escalation of carbapenem utilizing an ASP setting. 
They also showed a decrease in mean duration of carbapenem 
therapy by 2 days with lower rates of adverse drug reactions 
in the ASP intervention group.10 Another interesting finding 
of our study was that 75.6% (n=31) of patients were started 
on meropenem therapy due to suspected MDRO infection. 
However, only 7 (22.5%) had positive cultures for MDRO. This 
proves that most patients with suspected MDRO infection 
actually do not have MDRO infection. 

Established risk factors for MDRO infection are previous 
infection or colonization with MDRO, recent use of broad-
spectrum antibiotics, invasive procedures or the use of 
medical devices (e.g., urinary catheters, endotracheal tubes, 
vascular catheters), comorbid conditions such as diabetes or 
chronic kidney disease, receiving hemodialysis, residents of 
nursing homes or long term care facilities, and those receiving 
immunosuppression therapy.(11) However, there is lack of 
understanding for the potential dangers of inappropriate use of 
broad-spectrum antibiotics. This along with widespread access 
to antimicrobials has led to the current state of antimicrobial 
resistance.(12) Also, up to 50% of antibiotics used are 
inappropriate.(3) Educating the hospital staff including physicians 
and nurses regarding MDRO infection risk factors can help 
create awareness and thus increase acceptance rate of ASP 
pharmacist intervention.

Since this was a pilot study, we did not look at hospital length of 
stay and cost analysis. Currently the extension of this study is 
ongoing at our institution to estimate an impact on length of stay 
and cost savings due to ASP pharmacist intervention. Future 
studies should definitely look at cost analysis, length of stay and 
readmissions data. Such data is extremely important for hospital 
administrators and policy makers, and will help them implement 
programs like ASP in a full-fledged manner. We only looked 
at meropenem in this project, but large-scale studies should 
look at all the antibiotics. Impact on length of stay and cost 
savings would be much higher if an ASP pharmacist intervenes 
on unnecessary administration of all possible antibiotics. 
Future studies should also focus on the impact of stewardship 
programs on the incidence of MDRO infections. 

Few limitations of our study need to be acknowledged. First, 
this was a retrospective study and data were obtained from 
electronic medical records. There are inherent limitations of 
this methodology like lack of proper documentation in some 
cases. Second, the sample size was small since this was a 
pilot project. Finally, the ASP pharmacist was available only 3 
days a week to review patient charts on selected floors to make 
the recommendations. However, we believe that this could 
have underestimated the difference in duration of meropenem 
therapy. If the ASP pharmacist were available every day of 
the week, there would have been more possibilities of earlier 
intervention (at least in some cases), which would have further 
decreased the duration of meropenem therapy. Studies have 
shown significant reduction in utilization of broad-spectrum 
antibiotics with hospital-wide implementation of ASP.(13)(14) 

Conclusion
A high number of patients (80%) who were initially started on 
meropenem therapy did not need it, and with ASP pharmacist 
intervention, it was discontinued/de-escalated in 68% of 
patients. This significantly decreased the mean duration of 
meropenem therapy by 2.5 days in the studied population. 
This study shows that not every patient who is suspected 
to have MDRO infection actually has an MDRO infection. 

Targeted antibiotic review is an effective ASP strategy to 
decrease unnecessary usage of broad-spectrum antibiotics like 
meropenem. 
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Type 2 Diabetes Mellitus in Patients with a 
Prior History of Corticosteroid-induced Hyperglycemia 

original research

Introduction
Corticosteroids are commonly prescribed for their anti-
inflammatory and immunosuppressive benefits for 
both acute and chronic use.(1) They have many adverse 
effects, including fluid retention, mood changes, weight 
gain, hyperglycemia, osteopenia leading to osteoporosis, 
dyslipidemia, and adrenal suppression.(1) Steroids are a 
primary cause of drug-induced hyperglycemia because 
they decrease insulin sensitivity in fat and muscle cells, 
induce gluconeogenesis in the liver, and exert direct effects 
on pancreatic beta cells to reduce insulin synthesis.(1)

(2) Only systemic administration of glucocorticoids has 
demonstrated an increased risk of hyperglycemia, as 
there has not been an association of hyperglycemia with 
inhaled or topical corticosteroids.(1) Corticosteroid-induced 
hyperglycemia is a common problem leading to frequent 
hospitalizations.(3) Hyperglycemia occurs in more than 
50% of hospitalized patients who receive high-dose, 
systemic corticosteroids.(1–4) Of patients receiving systemic 
corticosteroids in the hospital, 86% experience at least one 
episode of hyperglycemia, and 48% have a mean blood 
glucose of ≥ 140 mg/dL.(1)

General risk factors for corticosteroid-induced hyperglycemia 
include patients who have a history of gestational diabetes, a 
family history of diabetes, concomitant use of mycophenolate 
mofetil and calcineurin inhibitors, which also cause drug-
induced hyperglycemia, abnormal fasting glucose, and 
impaired glucose tolerance.(1) The main risk factors for inpatient 
corticosteroid-induced hyperglycemia are a previous history of 
diabetes, a higher prevalence of comorbidities, prolonged length 
of treatment, and older age.(1) It is unlikely that the development 
of corticosteroid-induced hyperglycemia is solely related to 
an underlying disease, because hyperglycemia has also been 
observed in healthy subjects.(3)

Prednisone, prednisolone, and methylprednisolone are 
intermediate-acting corticosteroids with a peak effect four 
to six hours after administration.(1)(2) After just one dose, 
postprandial blood glucose may be affected without much effect 
on fasting blood glucose.(1) However, after repeated doses, 
these intermediate-acting corticosteroids can cause persistent 
hyperglycemia.(1) Dexamethasone, a long-acting corticosteroid, 
is associated with hyperglycemia that may persist for longer 
than 24 hours.(1) High doses of corticosteroids, defined as 
more than 30 mg of prednisone equivalent per day, lead to 
more adverse effects, such as hyperglycemia.(5) Likewise, many 
adverse effects, including glucose intolerance, are related 
to the cumulative corticosteroid dose and longer duration of 
corticosteroid use.(2)(4-5)

A prospective, observational study of 35 patients without pre-
existing diabetes, taking high-dose corticosteroids for 6 to 
12 weeks, found 40.6% of patients to have elevated fasting 
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or postprandial blood glucose at eight weeks (fasting blood 
glucose >126 mg/dL).(6) Both higher cumulative corticosteroid 
doses and continuous corticosteroid administration were 
associated with a higher incidence of impaired fasting glucose.
(6) A case-control study found a slight association between oral 
glucocorticoid prescriptions and diagnoses of diabetes.(7) The 
majority of the patients in this study received low daily doses of 
glucocorticoids.(7)

It is presently unknown whether short-term administration of 
high-dose corticosteroids is associated with the subsequent 
development of type 2 diabetes, defined as hemoglobin A1c 
(HbA1c) ≥ 6.5% (48 mmol/mol).(8-9) In addition, no studies have 
evaluated whether the development of hyperglycemia during the 
time of short-term, high-dose corticosteroid administration is 
predictive of type 2 diabetes in the future. 

Objective(s)
The primary objective of this study was to determine if 
there is an association between hyperglycemia developed 
during short-term, high-dose corticosteroid administration 
and the subsequent diagnosis of type 2 diabetes within 
five years of the corticosteroid course. We compared the 
incidence of new-onset type 2 diabetes between previously 
hospitalized patients receiving short-term, high-dose 
corticosteroids who developed corticosteroid-induced 
hyperglycemia versus those who did not. The secondary 
objective in this population was to assess the association 
of new diagnoses of type 2 diabetes with age, gender, race, 
ethnicity, cumulative corticosteroid dose using prednisone 
equivalent dose, and duration of corticosteroid course. 

Methods
This was a single-center, retrospective cohort study at 
Duke University Hospital. The study was approved by 
the Duke University Hospital Institutional Review Board 
(IRB). Patients included in the study were admitted to 
Duke University Hospital between January 1, 2007, and 
October 31, 2011, were at least 18 years old, with a record 
of administration of three to 30 days of consecutive high-
dose (prednisone equivalent dose > 30 mg per day(5)), 
systemic corticosteroids (prednisone, prednisolone, 
methylprednisolone, dexamethasone), and at least five 
years of patient follow-up documentation. Patients were 
excluded who were pregnant, had a history of prediabetes, 
diabetes, gestational diabetes, or hyperglycemia, history 
of any HbA1c > 5.7% (39 mmol/mol), and/or concurrent 
administration during qualifying  hospital admission or 
prior to cohort entry of select medications known to 
cause hyperglycemia (specifically clozapine, olanzapine, 
paliperidone, quetiapine, risperidone, mycophenolate, 
cyclosporine, sirolimus, everolimus, or tacrolimus).
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Eligible patients were identified using a query of electronic 
records using the Duke Enterprise Data Unified Content 
Explorer (DEDUCE) database. Patient demographics (age, 
gender, race, ethnicity), date of admission and discharge 
for qualifying hospital admission, corticosteroid medication 
history (name, dose, route, directions, start and stop date), 
all recorded HbA1c values, all recorded blood glucose 
values ≥ 200 mg/dL (70 mmol/mol)(8-9), and ICD-9 or ICD-
10  codes for corticosteroid-induced hyperglycemia and 
diabetes and corresponding dates were collected for each 
patient. If patients had more than one qualifying hospital 
admission during the study period, data from the last 
qualifying admission was used. Corticosteroid-induced 
hyperglycemia was identified using ICD-9 codes  and/or 
blood glucose values ≥ 200 mg/dL (70 mmol/mol) during 
the corticosteroid course. The primary outcome of new 
diagnoses of type 2 diabetes was identified using ICD-9 or 
ICD-10 codes, and/or HbA1c values ≥ 6.5% (48 mmol/mol) 
within five years after corticosteroid course.(8-9) Cumulative 
corticosteroid dose was calculated by multiplying daily 
dose by number of days and converted to prednisone 
equivalent dose using standard corticosteroid conversion 
(prednisone 5 mg = prednisolone 5 mg = dexamethasone 
0.75 mg = methylprednisolone 4 mg).(10)

To account for the influence of the many variables in the study 
on the outcome of type 2 diabetes mellitus, a multivariable 
logistic regression model was constructed to evaluate the 
association between type 2 diabetes and corticosteroid-induced 
hyperglycemia, adjusting for covariates of interest.

Results
A total of 1,263 patients were included in the study as 
shown in Figure 1. The baseline characteristics of the 
study population are shown in Table 1. The mean (± 
standard deviation [SD]) age was 49.2 years (±16.6), 56% 
were female, 62.2% were white, 33.2% were black, and 
1.3% were Hispanic. Overall, the mean (± SD) cumulative 
corticosteroid dose, using prednisone equivalent dose, 
was 650.2 mg (±1184.4) with 56.4% receiving 225-900 
mg. The mean corticosteroid course length was 5.6 days 
(±5.7) with 88.4% of patients receiving between 3-7 days of 
corticosteroids.

Results from the multivariable logistic regression model are 
summarized in Table 2. Corticosteroid-related hyperglycemia 
was reported in 334 patients (26.4%). A diagnosis of type 2 
diabetes within five years was reported among 192 (57.5%) 
and 111 (11.9%) patients with and without corticosteroid-
induced hyperglycemia, respectively (odds ratio [OR] 9.88 [95% 
confidence interval [95% CI] 7.27-13.42; P<0.0001]). Of patients 
18 to 44 years old, 78 (15.9%) had a subsequent diagnosis of 
type 2 diabetes, compared to 146 (28.6%) patients 45 to 64 
years old (OR 0.54 [95% CI 0.38-0.77; P=0.0006]). Females were 
less likely to have a subsequent diagnosis of type 2 diabetes 
than males (OR 0.74 [95% CI 0.55-1.00; P=0.0484]). There was 
no significant association found between new diagnoses of type 
2 diabetes and race, ethnicity, cumulative corticosteroid dose, or 
length of corticosteroid course.

Discussion
Hyperglycemia development during short-term, high-dose 
systemic corticosteroid administration was associated 
with a significant increase in subsequent diagnoses of 
type 2 diabetes within five years. Previous studies report 
corticosteroid-induced hyperglycemia occurring in greater 

than 50% of patients.(1)(3-4) In this study, hyperglycemia was 
reported in 26.4% of patients receiving short-term, high-
dose corticosteroids. Inconsistencies with previous studies 
may be due to inaccuracies with data reporting given the 
retrospective nature of this study. Additionally, it may be 
due to the shorter course of corticosteroids. For example, 
in the study previously mentioned, 40.6% of patients 
developed hyperglycemia after a longer course of 6 to 
12 weeks of corticosteroids.6 In the present study, most 
patients received between 3 to 7 days of corticosteroids. 
Hyperglycemia is typically a gradual adverse effect of 
corticosteroids.(1)

Incidence of type 2 diabetes was higher in the age category of 
45-64 years (compared to 18-44 years) and in males. This is 
consistent with the national Centers for Disease Control and 
Prevention (CDC) data for percentage of adults with diabetes 
based on age (4.6% age 18-44 years; 14.3% age 45-64 years) 
and gender (15.3% males; 14.9% females).(11) There was no 
statistically significant association found between race or 
ethnicity and the development of type 2 diabetes. However, the 
study population was predominantly non-Hispanic white, which 
is the least at-risk racial/ethnic group for the development of 
type 2 diabetes.(12)

There was an unequal distribution of patients represented in 
the cumulative corticosteroid dose and corticosteroid course 
length groups. Approximately one-third of patients received 
<225 mg, and greater than half received 225-900 mg prednisone 
equivalent cumulative dose. Only 15.4% of patients received 
901-3000 mg and >3000 mg cumulative prednisone equivalent 
doses. Nearly 90% of patients received between 3-7 days of 
corticosteroids, with less than 12% of patients in the 8-14 and 
15-30 days groups. Thus, there was no significant association 
found between cumulative corticosteroid dose or corticosteroid 
course length and the subsequent development of type 2 
diabetes. Previous studies have found that higher cumulative 
corticosteroid doses and longer course lengths increase risk for 
hyperglycemia.(2)(4-5)

Strengths of the study include the large number of patients 
included, the large academic medical center study site, and 
alignment of results with the CDC National Diabetes Statistics 
Report and the American Diabetes Association (ADA) Risk Test, 
which lists males and patients greater than or equal to 40 years 
of age as having an increased risk of type 2 diabetes.(12-13)

Limitations
This study did not assess family history, blood pressure, 
level of physical activity, or weight due to limitations of 
DEDUCE, which did not record patients’ weights during 
the study period. Investigators determined that both family 
history and level of physical activity were not consistently 
documented to be utilized in the study. Furthermore, 
differing indications for corticosteroids were not assessed, 
which would determine if patients with certain disease 
states, such as chronic obstructive pulmonary disease 
(COPD), were more susceptible to the development of 
hyperglycemia and/or type 2 diabetes. These are all 
potential confounding factors of the study.

Another limitation of the study is the retrospective, single-center 
design. While most systemic corticosteroids were included in 
the study, certain systemic agents, such as betamethasone and 
hydrocortisone, were not included. The study did not assess 
route of administration to determine if intravenous, continuous 
infusion, oral, or intra-articular administration was associated 
with a greater risk of type 2 diabetes. Steroid administration was
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Table 1. Baseline Characteristics Tabulated by Cohort and Overalla
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Table 2. Multivariate Logistic Regression Model for Type 2 Diabetes Mellitus
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determined by medication orders rather than by drug 
administration records. In addition, there was a low 
representation of non-white and Hispanic patients. 
Additionally, other causes of hyperglycemia post-admission 
were not assessed. Finally, it was not feasible to accurately 
exclude patients who had received corticosteroids prior to 
their qualifying hospital admission.

Conclusion
There was a statistically significant association found 
between the development of hyperglycemia during 
short-term, high-dose corticosteroid administration and 
subsequent diagnoses of type 2 diabetes. It is uncertain 
whether corticosteroids unmask impending type 2 diabetes 
in these patients, or if corticosteroids induce physiological 
changes in these patients causing type 2 diabetes.(14) 

Further studies are needed to confirm corticosteroid-
induced hyperglycemia as a risk factor for type 2 
diabetes that may be a considered addition to the ADA 
Risk Test. Based on this study, patients who experience 
corticosteroid-induced hyperglycemia should be regularly 
screened for type 2 diabetes. These patients should take 
action to modify their lifestyle and diet to prevent the 
development of type 2 diabetes.
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Efficacy and Tolerability of non-daily Statin 
Administration: A Systematic Review of Literature

 review

Abstract

Purpose

Current issues regarding biosimilar drug use are reviewed 
in a two-part article from the perspective of pharmacy 
practice.

Background

Statins are known to be safe, but some patients 
discontinue the therapy due to adverse effects. Given 
the clinical benefits of statin therapy, it is important to 
find different strategies to maintain its use. The aims of 
this systematic review were to summarize and critically 
appraise evidence of the efficacy, tolerability, and 
economic evaluation of non-daily statin administration in 
the past ten years.

Methods

Literature was searched through Cochrane, Embase, 
PubMed and Web of Science using relevant search terms. 
Studies of any size and design published between January 
2007 and August 2017 were considered for the assessment 
of efficacy and tolerability. For economic evaluation, the 
search was repeated without restriction to the publication 
year to identify more relevant articles. 

Results

All eleven studies, of which three were randomized 
controlled trials, supported the use of intermittent statin 
regimens to lower low-density lipoprotein (LDL) levels in 
patients with dyslipidemia. Most of the studies reported 
high tolerability to intermittent statin therapy, ranging from 
72.5% to 100%. Economic analysis of four articles showed 
that the intermittent regimen is cost-saving in terms of cost 
per 1% LDL reduction.   

Conclusion

Our systematic review of current evidence suggests that 
patients with dyslipidemia may reduce their LDL levels with 
intermittent statin administration. Non-daily administration 
has other benefits of improved tolerability and lower cost 
when compared to daily administration. 

Keywords:                                             
hyperlipidemia; hypercholesterolemia; 
hydroxymethylglutaryl-coa reductase inhibitor; statins, 
intolerability, myopathy, non-daily statin, intermittent 
statin.

Cindy Park, PharmD; Quang A. Le, PharmD, PhD

Introduction
Hydroxymethylglutaryl-coa (HMG-CoA) reductase 
inhibitors or statins, a therapeutic class of lipid-lowering 
medications, reduce plasma cholesterol levels by inhibiting 
HMG-CoA reductase in the cholesterol biosynthetic 
pathway. The American Heart Association (AHA) / 
American College of Cardiology (ACC) 2013 guidelines 
recommend an initiation of moderate to high intensity 
statins to reduce cardiovascular events, including 
myocardial infraction, stroke, and death.1 Although statins 
are generally known to be safe, some patients discontinue 
the therapy due to adverse effects, including myalgia, 
gastrointestinal symptoms, and hepatic enzyme elevation. 
In an analysis of 16,496 patients with dyslipidemia, the 
rate of withdrawal from the study due to adverse events 
was 3% for atorvastatin and 4% for other statins.2 
Specifically, myalgia was reported in 1.9% of the patients 
on atorvastatin and 2% on other statins. Given the well-
known clinical benefits of statin therapy, it is important to 
find different strategies to maintain its use. 

In 2013, a systematic review by Keating et al. suggested that 
intermittent statin administration may be beneficial in lowering 
LDL.3 Of all the statins, rosuvastatin and atorvastatin were most 
commonly studied due to high potency and long half-life of 19 
hours and 14 hours, respectively.4,5 However, the previously 
published systematic review3 was based on older evidence and 
did not include economic analysis. The aims of this systematic 
review were to summarize and critically appraise evidence of the 
efficacy, tolerability and economic evaluation of non-daily statin 
administration in the past ten years.

Methods

Search strategy and study selection 

We searched literature using the following databases: 
Cochrane, Embase, PubMed and Web of Science. The 
controlled search terms and keywords used in the search 
were hydroxymethylglutaryl-coa reductase inhibitor, statin, 
drug administration schedule, side effect, intolerant, myalgia, 
cholesterol, hyperlipidemia, and hypercholesterolemia. The 
detailed search strategy was reported in Supplemental table 1. 

Identified articles were initially screened for relevance to 
research question by title and abstract. Full text was retrieved 
for relevant studies and reviewed further for exclusion criteria 
(Figure 1).

Selection criteria

Studies of any size and design published between January 
2007 to August 2017 were considered for eligibility. 
Inclusion criteria were studies that evaluated non-daily 
statin therapy for the treatment of dyslipidemia in adult 
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patients with or without a history of intolerance to statin 
therapy. Exclusion criteria were duplicates, reviews, news, 
commentaries, and articles that evaluated combination therapy. 
For the economic analysis, the search was not restricted to the 
publication year to identify more relevant studies.

Table 1.

Data collection 

Data were collected from individual studies for publication 
year, study design, sample size, statin regimen, study 
duration, baseline LDL, age, LDL reduction, tolerability 
and adverse effects. For the cost analysis, data for 
publication year, study design, sample size, country, and 
cost reduction were collected. 
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Table 2.

Results

Search results

For the assessment of efficacy and tolerability, the initial search 
from databases identified 1,339 potentially relevant articles. Of 
these, 1,229 articles were removed for being irrelevant to the 
research question. Further excluded articles were duplicates, 
reviews, news, commentaries, and articles that evaluated 
combination therapy. Three randomized controlled trials (RCTs), 
one case report and seven cohort studies were included for full 
review and assessment of efficacy and tolerability (Figure 1a). 
The details of the included studies are provided in Table 1.

For the economic analysis, the initial search from databases 
identified 1,826 potentially relevant articles. Of these, 1,229 
articles were removed for being irrelevant to the research 
question. Duplicates, reviews, news, commentaries, and articles 
that evaluated combination therapy were further excluded. 
Three RCTs and one cohort study were included for full review 
and assessment of cost (Figure 1b). The details of the included 
studies are provided in Table 2.

Changes in lipid levels

All studies supported that administering statins non-daily 
can lower LDL levels in patients with dyslipidemia. All dosing 
regimens were shown to be effective. Most studies used a 
moderate intensity statin to administer non-daily and reported a 
reduction in LDL between 12.2% and 44.8%. Given that the daily 
administration of moderate intensity therapy lowers LDL by 30% 
to 50%, the reductions in LDL were clinically meaningful in most 
studies.(14)

Mampuya et al. (2013)(6): The study included 1,605 patients with 
prior statin intolerance at the Cleveland Clinic. Patients were 
divided into three groups based on their statin regimen: statin 
discontinued group, statin daily group, or statin intermittent 
group. The patients in the statin intermittent group were on 
any non-daily statin regimens. The most commonly used statin 
was rosuvastatin. Intermittent statin group had a mean LDL 
reduction of 21.3 ±± 4.0%, compared to 8.3 ± 2.2% in statin 
discontinued group. The changes in high density lipoprotein 
(HDL) and triglycerides (TG) in the intermittent statin group were 
nonsignificant.

Alternate day

Backes et al. (2008)(7): A cohort study of 51 patients at two lipid 
specialty clinics reported a mean LDL reduction of 34.5% from 
baseline (p < 0.001) with every other day rosuvastatin regimen 
(mean dose of 5.6 ± 2.9 mg).(3) The reduction in mean total 
cholesterol (TC) from baseline was statistically significant, but 
the change in HDL was not significant. 

Pramanik et al. (2012)(8): Forty patients were randomly assigned 
to receive 20 mg atorvastatin on alternate days or daily for 12 
weeks with 4 weeks of washout period. At weeks 6 and 12, 
LDL-C and TC were significantly reduced from baseline in both 
groups. The difference in reduction between the groups was not 
statistically significant, which shows that the alternate dosing 
regimen is as effective as the daily dosing regimen. A slight 
increase in HDL levels from baseline was observed.

Three to five times a week

Goldberg et al. (2013)(9): The study included 58 patients on 
rosuvastatin 3-4 times weekly (mean dose of 29.4 ± 14.6mg per 
week) at a specialty lipid. Patients had a significant reduction in 
LDL of 34.4 ± 21.3% (P < 0.001) at week 12 from baseline. The 
reduction in TC and TG levels were significant, but the change in 
HDL was non-significant. 

Ghattas et al. (2007)(10): One hundred patients were initially given 
atorvastatin 10mg daily after 12 weeks of dietary modifications. 
At week 6, patients meeting their LDL goals were switched to 
atorvastatin 10mg for 5 times a week. At week 12, patients still 
at their LDL goals were further adjusted to atorvastatin 10mg 
for 3 times a week. Forty-eight patients who received statin 
intermittently had an average of 44.6% and 31% reduction in 
LDL and TC levels, respectively.

Two to three times a week

Mackie et al. (2007)(11): Two patients with a history of statin 
intolerance were switched to 2.5mg and 5mg rosuvastatin every 
Monday, Wednesday, and Friday. The patients tolerated the new 
regimen, and their LDL was significantly reduced by 20% and 
38%.

Gadarla et al. (2008)(12): In the study of 40 patients, the patients 
were treated with rosuvastatin 5mg or 10mg every Monday 
and Thursday to improve tolerability. The mean LDL, TC and 
TG levels were reduced by 26%, 19% and 14%, respectively. 
However, HDL level did not change significantly.
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Meek et al. (2012)(13): The study analyzed 325 patients at 9 health 
centers in the UK with a history of statin intolerance for a median 
follow-up of 14.9 months. Patients who received rosuvastatin 5 
mg 2 to 3 times weekly had a mean LDL reduction of 32%, TC 
reduction of 26%, and TG reduction of 16% (p<0.001).

Once a week

Ruisinger et al. (2009)(14): Fifty patients received rosuvastatin 
once a week (10 ± 4mg/week) due to a prior statin intolerance. 
There was a mean reduction of 23%, 17%, and 12% for LDL, TC 
and TG, respectively, and 5% increase in HDL (p <0.001). After 
discontinuation, the lipid levels were measured between 1 to 3 
days and between 4 to 7 days since the last dose. The mean 
LDL level did not change significantly even after 4 to 7 days of 
discontinuation. 

Backes et al. (2012)15: In the study, 51 patients were assigned 
to receive either rosuvastatin 80 mg once weekly or atorvastatin 

10 mg daily for 8 weeks. Both regimens had significant and 
comparable reductions of 29% in LDL and TC of 20% from 
baseline. The changes in HDL and TG levels were non-
significant.

Kennedy et al. (2011)(16): The study included 17 patients who 
experienced myalgias from prior statin therapy. Two 8-week 
treatment phases consisted of rosuvastatin 5mg once weekly 
or matching placebo. The dose was titrated to 10mg once 
weekly if not at LDL goal at week 4. The mean LDL reduction 
from baseline was 12.2% in the intervention group compared 
to 0.4% in the placebo group (p=0.002). The intervention group 
had a greater mean reduction in TC of 10.2% compared to 3% 
in the placebo group. However, the mean change in HDL was 
non-significant. All patients were middle aged males, and the 
majority were Caucasian. Also, their lipid control at baseline was 
relatively good and close to attaining goal.

Supplemental Table 1. Search strategy for (a) efficacy and tolerability assessment, and (b) cost analysis.   
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Tolerability and adverse effects

Most studies reported high tolerability to intermittent statin 
therapy, ranging from 72.5 to 100%. Some of the adverse effects 
were myalgia, gastrointestinal complaints, and return of prior 
adverse effects, including fatigue, memory impairment and 
rash.(7) In a study of 50 patients, 71% of patients who previously 
experienced myalgias tolerated a once weekly regimen.(14) 

Elevation in creatine kinase and hepatic transaminase levels 
resolved when switched to once weekly administration in most 
patients. Fifty percent of the patients with prior gastrointestinal 
complaints and 75% with other adverse effects tolerated the 
new regimen. 

Economic analysis

The economic analysis of included studies showed that the 
intermittent regimen is cost-saving in terms of cost per 1% LDL 
reduction.  

Matalka et al. (2002)(17): Thirty-five patients were randomly 
assigned to receive atorvastatin either daily or on alternate days. 
At weeks 6 and 12, the dose was doubled for patients whose 
LDL goals were not met. The study reported a significant and 
comparable decrease in LDL in both daily and alternate dosing 
groups at week twelve. However, the alternate day dosing group 
took significantly lower average milligrams of statin per day, 
which resulted in 34% cost saving compared to the daily dosing 
group.  

Figure 1. Study selection for (a) efficacy and tolerability assessment, and (b) cost analysis. 
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Ghattas et al. (2007)10: In the study, patients receiving 
atorvastatin 10mg either five times a week or three times a 
week had a 30 to 50% saving per month compared to patients 
receiving atorvastatin 10mg daily. The patients were still able to 
maintain their LDL goals with the intermittent administration.

Pramanik et al. (2012)8: The study included 40 patients in India. 
Patients received 20mg atorvastatin either on alternate days 
or daily. The cost of treatment was approximately 23.48 Indian 
rupees (INR) per 1% reduction of LDL when taken on alternate 
days, compared to 41.49 when taken daily.

Wongwiwatthananukit et al. (2006)18: Eighty patients with 
dyslipidemia were randomized to receive rosuvastatin 10mg 
once daily or every other day for 8 weeks in Thailand. The 
monthly cost per 1% reduction of LDL was 38% lower when 
taken on alternate days.(17)

Discussion
Our analysis of current evidence suggests that intermittent 
statin administration is effective in lowering LDL levels in 
patients with dyslipidemia. All dosing regimens, including 
alternate days, 3 to 5 times a week, 2 to 3 times a week, 
and once a week, were shown to be effective. Non-
daily administration showed other benefits of improved 
tolerability and lower cost when compared to daily 
administration. Although the reduction cardiovascular 
endpoints remain unclear due to short-term study duration, 
non-daily statin regimen may be used as an effective and 
safe alternative to lower LDL in patients who are not able 
to tolerate a daily regimen. Some of the limitations were 
that many of the included studies were cohort studies with 
small size and short-term follow-up. Non-pharmacological 
interventions and adherence to study medications were 
not assessed in many studies. For the economic analysis, 
the included studies were published in different countries 
when generics to atorvastatin and rosuvastatin were not 
available. Therefore, future clinical trials addressing these 
limitations may be necessary.  
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Direct Oral Anticoagulant (DOAC) to Warfarin 
Transitions in a Pharmacist-led Anticoagulation Clinic

case report

Abstract

Purpose

Patients with non-valvular atrial fibrillation or venous 
thromboembolism have historically been treated with 
vitamin-k antagonist therapy; however, due to well-
documented limitations, direct oral anticoagulant (DOAC) 
use has been increasing.(1)(2) The convenience and clinical 
utility of DOACs is not applicable to all patients, and some 
must be transitioned to warfarin therapy. Despite practice 
recommendations, suggestions from package inserts, and 
clinical trial evidence, there remains a lack of literature 
describing real-word examples of patient transition from 
DOACs to warfarin.(3-11)

Summary                           
All patients who were transitioned from a DOAC to warfarin 
from January to December 2016 and were managed by 
the clinic were included. Patients were excluded if the 
transition to warfarin did not include ≥ 2 days of DOAC 
overlap or if DOAC therapy was used as a bridge to surgery 
or procedure. St. Joseph’s/Candler Health System IRB 
granted expedited approval and waived informed consent. 
Four elderly, Caucasian patients met the inclusion criteria. 
Four patients were successfully transitioned from a DOAC 
to warfarin for their atrial fibrillation, 3 were transitioned 
from apixaban and 1 was transitioned from rivaroxaban.

Conclusion                          
Overall the purpose of this retrospective, observational 
study was to highlight real-world management of 
the transition of DOACs to warfarin in an outpatient, 
pharmacist-led clinic. 

Keywords:                          
pharmacist; anticoagulation; transitions; warfarin

Introduction
Patients with non-valvular atrial fibrillation (NVAF) or venous 
thromboembolism (VTE) have historically been treated 
with vitamin-k antagonist therapy; however, due to well-
documented limitations, direct oral anticoagulant (DOAC) 
use has been increasing.(1)(2) The convenience and clinical 
utility of DOACs is not applicable to all patients, and some 
must be transitioned to warfarin therapy.

Atrial fibrillation is the most common arrhythmia in the 
general population, and its incidence increases with age. 
Patients with atrial fibrillation are at a higher risk for stroke 
and are often placed on anticoagulation. The American 
Heart Association (AHA)/American College of Cardiology 

Ashley G. Woodhouse, PharmD, BCACP, CACP, CDTM; Madeline J. Burke, PharmD;         
Anne D. Misher, PharmD, BCACP, BC-ADM, CDE

(ACC) Atrial Fibrillation guidelines recommend warfarin, 
dabigatran, rivaroxaban or apixaban as appropriate 
anticoagulation therapy options for patients with non-
valvular atrial fibrillation.(1) Of note, edoxaban was approved 
by the Food and Drug Administration (FDA) after these 
guidelines were released and is anticipated to be included 
in future guideline recommendations.

Patients with a history of, or at high risk for, venous 
thromboembolism may also be started on warfarin or 
DOAC therapy. The 2016 CHEST guideline update 
recommends dabigatran, rivaroxaban, apixaban or 
edoxaban over warfarin for the treatment of deep vein 
thrombosis (DVT) or pulmonary embolism (PE) in patients 
without cancer for at least 3 months.(3)

Little information is available to guide evidence-based 
transitions from DOAC therapy to warfarin, and current 
guidelines acknowledge the need for further research.(3)(4) 

Additionally, DOAC package inserts do not provide specific 
recommendations for switching these agents to or from 
warfarin, but do give some suggestions. When switching 
to warfarin from rivaroxaban or apixaban, package inserts 
suggest starting parenteral anticoagulation and warfarin 
at the time patients would take their next dose.(5)(6) These 
package inserts note that rivaroxaban and apixaban may 
affect international normalized ratio (INR) results with 
concomitant use of DOAC and warfarin therapies. For 
transition to warfarin from edoxaban, the manufacturer 
suggests the use of a parenteral anticoagulant or reducing 
the dose of edoxaban by one half.(7) Warfarin should be 
started, and monitoring the INR should occur weekly until a 
stable INR ≥ 2 is reached. When switching from dabigatran 
to warfarin, renal function must be taken into account, and 
again the effect on INR is acknowledged.(8) Additionally, the 
European Heart Rhythm Association recommends clinic 
visits every 3 to 6 months for DOAC patients.(9)

In the ROCKET-AF trial, rivaroxaban was found non-inferior 
to warfarin for preventing stroke and systemic embolism in 
NVAF with moderate to high stroke risk. However, this trial 
led to a black box warning of increased thrombotic events 
after discontinuation of rivaroxaban and transition to open-
label warfarin at the end of the study. Significantly more 
major bleeds and strokes were found in patients who were 
transitioning from rivaroxaban to warfarin at the end of the 
trial compared to those who continued on warfarin.(10)

In ARISTOTLE, analysis was conducted to assess and 
understand occurrence of clinical events after  blinded 
study drug was discontinued and during transition 
to open-label warfarin.(11) When the blinded study drug 
was discontinued, patients were transitioned to open-
label warfarin (knowing that half of these patients would 
be continuing warfarin) with a 2-day (4 dose) bridging 
of apixaban or its matching placebo. Events per year in 
patients who were treated with apixaban during the trial 
were higher (4.02%/year stroke or systemic embolism and 
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4.97%/year major bleeding) when transitioned to warfarin 
at end of trial than those who continued on warfarin 
(0.99%/year for stroke or systemic embolism and 1.97%/
year major bleeding). Rate of events was similar between 
groups in the early permanent discontinuation groups. 
However, those who were warfarin-naïve at the beginning 
of ARISTOTLE were at a higher risk of stroke or systemic 
embolism during  transition period (5.41%/year) compared 
to those who had been on warfarin prior to the trial (1.42%/
year). Apixaban events were similar regardless of warfarin-
naïve or experienced at the beginning of the study. As a 
result of this post-hoc analysis, authors concluded that 
transition from a DOAC to warfarin should be avoided, but 
if necessary a transition should be similar to warfarin-naïve 
initiation.

Rationale
Despite practice recommendations, suggestions from 
package inserts, and clinical trial evidence, there remains a 
lack of literature describing real-word examples of patient 
transition from DOACs to warfarin. Overall the purpose 
of this observational study is to shed light on real-world 
management of the transition of DOACs to warfarin in an 
outpatient, pharmacist-led clinic. While many patients and 
prescribers may want to switch from a DOAC to warfarin 
due to cost, side effects, prescriber preference, or new 
medical diagnosis, there is minimal data on transitioning 
from DOACs to warfarin. This lack of data leaves a gap in 
knowledge of how patients are currently being managed in 
clinical practice. It is currently unknown how practitioners 
implement current recommendations and outcomes of 
DOAC to warfarin transitions. Our goal is to add more 
evidence for future recommendations on safe transition 
from a DOAC to warfarin.

Methodology
The St. Joseph’s/Candler Center for Medication 
Management serves over 900 patients in Savannah, 
Georgia, and its surrounding areas. Pharmacists and 
nurse practitioners provide anticoagulation services to 
patients. Clinical personnel include 4 pharmacists, 3 nurse 
practitioners, and 2 medical assistants. 

The nature of pharmacist intervention for DOAC to warfarin 
transitions varied based upon the timing of the physician’s 
referral to the clinic. In most cases, the pharmacist would 
meet face-to-face with or call the patient. Evaluation of proper 
dosing was performed utilizing patient-specific information 
prior to patient visits. Pharmacists utilized previously published 
literature from clinical trials and package inserts to guide dosing 
recommendations as guideline recommendations are not yet 
available. Counseling including specific dosing instructions, 
proper follow-up and disease state education was provided 
to the patient. Minimum intervention by pharmacists occurred 
when physicians referred patients to the clinic after they had 
been given instructions for transitioning  DOAC to warfarin. In 
these cases, the pharmacist reviewed the physician instructions 
for effectiveness, proper dosing and safety. Physicians and/or 
patients were contacted if interventions were necessary.

A retrospective, observational study of all patients who were 
transitioned from a DOAC to warfarin from January to December 
2016 was conducted. All patients managed by the clinic were 
eligible for inclusion unless exclusion criteria were met. Patients 
were excluded if the transition to warfarin did not include ≥ 
2 days of DOAC overlap or if DOAC therapy was used as a 

bridge to surgery or procedure. Two days or longer of overlap 
was deemed necessary as this was done in previous clinical 
trials. Outcomes included the number of days with overlapping 
therapy, INR (point-of-care or venous) at discontinuation of 
DOAC, time to reach target INR range, creatinine clearance 
(CrCl) at time of transition and adverse events thought to be 
associated with transition in therapy for a follow-up period of 
4 weeks. Descriptive statistics were used to report results. 
The Institutional Review Board of St. Joseph’s/Candler Health 
System granted expedited approval and waived informed 
consent.

Results
All patients were Caucasian with an average age of 
82.75 years (see Table 1). Patient 1 was an elderly male 
whose indication for anticoagulation was atrial fibrillation 
and a history of transient ischemic attacks (TIAs). His 
comorbidities were hypertension and hyperlipidemia (see 
Table 2 for more details about this patient). Previous clots 
included TIAs and patient and no previous bleeds. INR was 
not recorded when the rivaroxaban was discontinued, but 2 
days of overlap were given.

Patient 2 was an elder ly male whose indication for 
anticoagulation was atr ial f ibril lation and history of a 
cerebrovascular accident (CVA). His comorbidities included 
hypertension, hyperlipidemia, glaucoma, benign prostatic 
hypertrophy, and vertigo (see Table 2 for more details about 
this patient). He had no previous history of bleeds, and only the 
history of clot was his CVA in 1993. Patient had 2 days of overlap 
with both apixaban and warfarin, and his point-of-care INR was 
1.4 when the apixaban was discontinued.

Patient 3 was an elder ly male whose indication for 
anticoagulation was atrial fibrillation. His comorbidities included 
heart failure, chronic obstructive pulmonary disease (COPD), 
hypertension, stroke in 1984, and prostate cancer (see Table 2 
for more details about this patient). Patient had 3 days of overlap 
with both apixaban and warfarin, and his point-of-care INR was 
1.7 when the apixaban was discontinued.

Patient 4 was an elderly female whose indication for 
anticoagulation was atrial fibrillation. Her comorbidities included 
gastroesophageal reflux disease, dizziness, irritable bowel 
syndrome, COPD, hypertension, and hypothyroidism (see Table 
2 for more details about this patient). Patient had 2 days of 
overlap with both apixaban and warfarin. Her point-of-care INR 
was 1.9 on day 6 of warfarin.

Overall, 4 patients were successfully transitioned from a 
DOAC to warfarin for their atrial fibrillation. Of these patients, 3 
were transitioned from apixaban and 1 was transitioned from 
rivaroxaban. Three patients were transitioned from the DOAC 
due to cost, and 1 was transitioned due to adverse events 
associated with the DOAC. No thromboembolic or bleeding 
events were observed in patients in the 4 weeks following 
transition. Our results provide insight to successful transitions 
from DOAC to warfarin; however, further studies are needed 
to further evaluate the efficacy and safety of these transitions. 
Although our patients did not experience any thrombotic or 
bleeding events, previous trials have demonstrated patients may 
be at increased risk during this transition period.
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Table 1.

Table 2.
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Limitations
A limitation with the case series presented includes the 
fairly homogenous patient population and small sample 
size, with elderly Caucasian patients with atrial fibrillation 
in Savannah, Georgia. Other limitations included delay 
in INRs drawn at the time of transition, due to lag time 
with referrals and patient appointments. The patient data 
presented is limited in scope and duration; however, it 
provides initial evidence for treatment transitions from 
DOAC to warfarin therapy.

Conclusions
Overall the purpose of this retrospective, observational 
study was to highlight real-world management of 
the transition of DOACs to warfarin in an outpatient, 
pharmacist- led clinic. As current practice al lows 
pharmacist monitoring to be interventional in promoting 
best patient outcomes, there is a need to provide evidence 
of strategic anticoagulant conversions.

About the Authors
Ashley G. Woodhouse, PharmD, BCACP, CACP, CDTM 
graduated from The University of Georgia COP in 2008 and 
continued her career in retail pharmacy before accepting 
a position with SJ/C Center for Medication Management 
in 2010. She completed a non-traditional PGY1 residency 
with SJ/C healthcare system in 2015, currently holds an 
Ambulatory Care board certification through the Board 
of Pharmacy Specialties, an anticoagulation board 
certification through the National Certification Board of 
Anticoagulation Providers, and a CDTM license with the 
state of Georgia. Dr. Woodhouse has no bias to report.

Madeline J. Burke, PharmD was a fourth year pharmacy 
student at the University of Georgia College of Pharmacy 
when this case report was completed. She is currently a 
PGY-1 Pharmacy Practice Resident at Central Arkansas 
Veterans Healthcare System in Little Rock, AR. Dr. Burke 
has no bias to report.

Anne D. Misher, PharmD, CDE, BC-ADM is a Clinical 
Assistant Professor at University of Georgia College of 
Pharmacy. Dr. Misher has been involved in research in the 
field of anticoagulation, diabetes and transitions of care. Dr. 
Misher has no bias to report.

References
1. January CT, Wann LS, Alpert JS, et al. 2014 AHA/ACC/
HRS guideline for the management of patients with atrial 
fibrillation: a report of the American College of Cardiology/
American Heart Association Task Force on practice 
guidelines and the Heart Rhythm Society. Circulation. 
2014;130(23):e199-267

2. Nutescu EA, Burnett A, Fanikos J, et al. Pharmacology 
of anticoagulants used in the treatment of venous 
thromboembolism. J Thromb Thrombolysis. 2016 
Jan;41(1):15-31. 

3. Kearon C, Akl E, Ornelas J, et al. Antithrombotic Therapy 
for VTE Disease. CHEST. Available at: http://dx.doi.
org/10.1016/j.chest.2015.11.026.

4. Abo-Salem E, Becker R. Transitioning to and from the 
novel oral anticoagulants: a management strategy for 
clinicians. J Thromb Thrombolysis. 2014 Apr;37(3):372-9. 

5. Xarelto® [package insert]. New Brunswick, NJ: Johnson 
& Johnson: 2016. 

6. Eliquis® [package insert]. New York City, NY: Bristol-
Myers Squibb: 2016.

7. Savaysa® [package insert]. Parsippany, NJ: Daiichi 
Sankyo: 2016.

8. Pradaxa® [package insert]. Ridgefield, CT: Boehringer 
Ingelheim: 2016.

9. Heidbuchel H, Verhamme P, Alings M, Antz M, Hacke 
W, Oldgren J,Sinnaeve P, Camm AJ, Kirchhof P. EHRA 
practical guide on the use of new oral anticoagulants 
in patients with non-valvular atrial fibrillation: executive 
summary. Eur Heart J. 2013;34:2094–2106. doi: 10.1093/
eurheartj/eht134.

10. Patel M, Hellkamp A, Lokhnygina Y, et al. Outcomes 
of Discontinuing Rivaroxaban Compared With Warfarin 
in Patients With Nonvalvular Atrial Fibrillation. Journal of 
the American College of Cardiology. 2013;61(6):651-658. 
doi:10.1016/j.jacc.2012.09.057.

11. Granger C, Lopes R, Hanna M, et al. Clinical events 
after transitioning from apixaban versus warfarin to 
warfarin at the end of the Apixaban for Reduction in Stroke 
and Other Thromboembolic Events in Atrial Fibrillation 
(ARISTOTLE) trial. American Heart Journal. 2015;169(1):25-
30.

12. Phillippe H, Wright B, Bowerman K, Andrus M. 
Pharmacist Interventions Regarding the Appropriateness 
of Apixaban, Rivaroxaban, Dabigatran, and Warfarin 
in a University-Affiliated Outpatient Clinic. Journal 
o f  Pha r macy  Te chno logy.  2016;32(6 ) :245 -252. 
doi:10.1177/8755122516672693.

13. Gagnier JJ, Kienle G, Altman DG, Moher D, Sox H, Riley 
D; CARE Group. The CARE Guidelines: Consensus-based 
Clinical Case Reporting Guideline Development. Glob Adv 
Health Med. 2013 Sep;2(5):38-43.

14. Smythe M. Advances in Anticoagulation Management: 
The Role of Pharmacy. Annals of Pharmacotherapy. 
2007;41(3):493-495. doi:10.1345/aph.1k035.

15. Kirchhof P, Benussi S, Kotecha D, et al. 2016 ESC 
Guidelines for the management of atrial fibrillation 
developed in collaboration with EACTS. European Heart 
Journal. 2016;37(38):2893-2962. doi:10.1093/eurheartj/
ehw210.



Exciting and challenging career opportunities are out there. At Rx relief, we 
work with top firms – clinical, retail, small and large healthcare systems – 
to provide them with the pharmaceutical talent they need.

We’re managed by a team of pharmacists with more than 70 years of 
experience and we understand that you need more from your career.

It’s time to take the reins and elevate your career.

As career consultants, Rx relief  
can get you there.

Searching for 
something…

better?

Phone: 800.797.3543 • Fax: 888.222.1402 • rxrelief.com 

rx ad - CA Pharmacist.indd   1 3/31/2017   11:41:56 AM




