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arcotic analgesics provide effective pain relief

for patients who cannot adequately control

their pain with or have contraindications to
other pain medications. The problem with these
agents lies in the great potential and ease of abuse.

Prescription drug abuse has been fueled by

the large number of “pill mills,” especially in the state
of Florida. A Prescription Drug Monitoring Program
(PDMP) in Florida was launched in 2011 to attempt to
reduce overprescribing of controlled medications.!
Florida pharmacies and doctors sold over 622 million
doses of oxycodone in 2010.! After the PDMP was
launched, this number was reduced to 498 million
doses sold in 2011. Prescription drug abuse contribut-
ed to more than 1,268 deaths in Florida in 2010 and
1,175 in 2011.2 The attempt to limit the prescribing of
controlled medications has had some impact, but the
addictiveness of these drugs and their abuse potential
remain strong.

Popular methods of abusing these agents include
crushing tablets for faster absorption, intranasally
“snorting” powder from crushed tablets, smoking tab-
lets via inhaling vaporized particles, and intravenously
injecting the extracted drug dissolved in water. These
methods of quickly introducing the drug into the blood
stream result in very fast and high peak concentra-
tions, corresponding to increased risk of addiction.
Popularity of abusing prescription drugs has been on
the rise since 1990, creating a stigma surrounding the

prescribing and dispensing of these medications. In
2008 there were nearly 15,000 deaths due to overdose
of prescription analgesics, a large increase from the
4,000 deaths in 1999.3 Additionally, prescription drug
abuse accounted for nearly 500,000 emergency de-
partment visits in 2009, costing health insurers ap-
proximately $72.5 billion per year. According to the
Drug Abuse Warning Network (DAWN) in 2010, 12
million people reported using prescription medica-
tions without a prescription or misusing their pre-
scription to get a euphoric effect.# The National Survey
on Drug Use and Health showed how widely abused
narcotic pain relievers are among persons aged 12
years or older: in 2009, these medications were the
most commonly abused drugs next to marijuana.>

Due to the rise in abuse of these drugs, many
pharmaceutical companies have begun investigating
different formulations that provide pain relief to those
patients who need it, while simultaneously minimizing
abuse potential. This article will explore these agents
and formulations along with a discussion of the clini-
cal impact and relevance of these medications in to-
day’s health care model.

PHARMACOLOGY OF NARCOTICS

The pharmacologic actions of opioids are mediated by
mu, kappa, and delta opioid receptors (Table 1). Most
opioid analgesics achieve their analgesic activity from
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action at mu opioid receptors. However, these are also
the receptors which stimulate physical dependence.
Antagonists to opioid receptors include naloxone, nal-
trexone, nalbuphine (mixed agonist/antagonist), and
buprenorphine (mixed agonist/antagonist). Many of
the actions of these opioid receptors are suppressed
as tolerance to agonists increases. Mechanisms of tol-
erance, such as receptor down-regulation, contribute
to addiction and abuse associated with the need for
higher doses to feel the same “high.”¢-9

MECHANISMS OF DRUG ABUSE RESISTANCE
AND DETERRENCE

when compared to the original drug.1112 Combinations
of opioid receptor agonists and antagonists prevent
abuse by releasing the sequestered antagonist when
the original dosage form is crushed or dissolved. Com-
binations allow for normal absorption of the active
agent when taken orally as prescribed. The release of
the antagonist causes withdrawal effects in the abuser,
decreasing the desirability of the medication for
abuse. Another abuse deterrent formulation proposed
is a combination of an opioid with niacin, with the in-
tent to cause intense flushing when taken in excess.

FDA APPROVED ABUSE RESISTANT NARCOTICS

With the rise in narcotic abuse pharmaceutical
companies have developed novel formulations and
combinations of prescription narcotics in an attempt
to reduce abuse of these medications. However, to
date the FDA has not approved any language on labels
that include drug abuse prevention for these novel
medication forumulations.

Abuse resistant formulations attempt to prevent
abuse by minimizing the chance that a significant por-
tion of active ingredient can be extracted through
physical or chemical manipulation of the product.10
Extended-, controlled-, and sustained-release dosage
forms prevent rapid absorption of medications when
taken whole, but do not necessarily prevent forms of
abuse involving crushing tablets or extracting cap-
sules. Formulations that employ physical barriers are
designed to prevent abuse by preventing or limiting
extraction of the active ingredient. A subset of the
physical barrier method includes crush resistant for-
mulations that specifically prevent a tablet from being
crushed into a fine powder and thus limit extraction.
Prodrugs require the medication be ingested and en-
zymatically converted to the active form hepatically,
however this idea has yet to be incorporated in an
FDA approved medication.

Abuse deterrent formulations (ADFs) attempt to
reduce abuse by adding a second drug that has unde-
sirable effects when taken in excess. ADFs are de-
signed to reduce abuse without affecting analgesia

Table 1 | Opioid Receptor Effects

There are no narcotics approved by the FDA based
on claims of reducing abuse. However, there are prod-
ucts approved with various formulations to aid in pre-
venting abuse (Table 2).

Suboxone® (buprenorphine 2 mg and 8 mg, nalox-
one 0.5 mg and 2 mg) was approved for opioid de-
pendence and withdrawal in 2002.13 The inclusion of
naloxone to buprenorphine at a 1:4 ratio allows for
the medication to be effective when taken orally, but
causes withdrawal symptoms when injected by pa-
tients with previous opioid tolerance.'4 Naloxone un-
dergoes extensive hepatic first-pass metabolism re-
sulting in minimal systemic absorption when taken
orally.’> Suboxone®, however, is still able to produce
an opioid agonist “high” without withdrawal symp-
toms when injected by non-dependent or opioid-naive
patients, resulting in some debate of the effectiveness
of naloxone in blunting the opioid agonist effects (e.g.
euphoria).1¢

Talwin NX® (pentazocine 50 mg, naloxone 0.5 mg)
is another example of a combination agonist/
antagonist formulation. Due to increased abuse of Tal-
win® and tripelennamine through intravenous injec-
tion, Talwin NX®, a combination of 50 mg pentazocine
and 0.5 mg naloxone, was approved for moderate and
severe pain in 1982 and Talwin® was subsequently
discontinued. Based on DAWN reports of pentazocine
abuse, events were reduced by 70% - 71% in the two
years after Talwin NX® was approved.1?

Opioid . . . .
P Receptor Mediated Actions Actions Reduced with Tolerance
Receptor Type
Mu (p) analgesia, respiratory depression, euphoria, miosis, sedation, analgesia, respiratory depression, euphoria,
muscular rigidity, nausea, constipation, physical dependence sedation, nausea
Kappa (k) analgesia, dysphoria, miosis, sedation, muscular rigidity analgesia, dysphoria, sedation
Delta (8) analgesia, muscular rigidity analgesia
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Table 2 | Abuse Resistant and Deterrent Narcotics

Abuse Resistant or

*
Drug (Brand Name) Dose/Frequency Deterrent Features FDA Status Cost (30 count)

Buprenorphine/naloxone 2 mg/0.5 mg Combination Approved Tabs: 5;185399
(Suboxone®) 8 mg/2 mg agonist/antagonist . :

QD Film: $149.99

$233.99

Pentazocine/naloxone 50 mg/0.5 mg Combination Approved Generic: 523.99
(Talwin NX®) Q3-4h agonist/antagonist
Extended-release morphine/ 20 mg — 100 mg/ Combination Approved 5157.99 - $535.99
naltrexone (Embeda®) 0.8 mg—-4mg agonist/antagonist

Q12-24h
Extended-release tramadol 100 mg, 200 mg, 300 Crush resistant Approved $;69'99
(Ultram ER®) mg $264.99

QD $367.99
Extended-release oxycodone 10 mg — 80 mg Crush resistant Approved 583.59 - $535.99
(Oxycontin®) Ql2h
Extended-release 8 mg, 12mg, Crush resistant Approved 5326.99
hydromorphone (Exalgo®) 16 mg 5488.99

QD $649.99
Oxycodone (Oxecta®) 5mg, 7.5 mg Crush resistant, nasal Approved iﬁggg

Q4-6h irritation, gel-forming :
Extended-release oxycodone 5mg-40mg Water insoluble, crush ~ Complete Re- N/A
(Remoxy®) Q12h resistant sponse Letter
Oxycodone/niacin (Acurox®) 5 mg/30 mg Unpleasant effects, Rejected, N/A

7.5 mg/30 mg crush resistant, nasal switched to

Q6h irritation, gel-forming Oxecta
Controlled-release oxycodone 40 mg Crush resistant, re- Proposed, no NDA N/A
(Rexista®) QD duced absorption with  submitted

alcohol

Extended-release oxycodone/  N/A Combination NDA, status N/A
naltrexone (Oxynal®) agonist/antagonist undetermined
Oxycodone/ultra-low- N/A Combination NDA, status N/A

dose naltrexone (Oxytrex®)

agonist/antagonist

undetermined

N/A — Not available; NDA — New Drug Application; Q12h — every 12 hours; QD — once daily
*Prices represent cash prices obtained from a Central Florida chain pharmacy

Embeda® (extended-release morphine sulfate 20
mg - 100mg, naltrexone 0.8 mg - 4 mg) was approved
for moderate to severe pain in 2009. Embeda® cap-
sules contain small pellets of morphine sulfate embed-
ded with naltrexone.l® When swallowed whole, the
medication relieves pain without any effects from the
naltrexone. However, when chewed or crushed, nal-
trexone is released, blocking of the effects of mor-
phine and causing subsequent unwanted negative ef-

fects. Safety reports have confirmed Embeda® to be
comparable to extended release morphine with 25
reports of opioid withdrawal symptoms reported.1?
Most reports are attributable to capsule tampering or
history of substance abuse. Further studies regarding
the clinical significance of naltrexone released upon
tampering are required to be able to interpret the ef-
fectiveness of this formulation in deterring abuse.
Some extended release formulations incorporate
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physical barriers and crush resistant formulations in
an attempt to prevent tampering of the agent for intra-
venous injection. Ultram ER® (extended-release tra-
madol 100 mg - 300 mg), Exalgo® (extended-release
hydromorphone 8 mg - 16 mg), and OxyContin®
(controlled-release oxycodone 10 mg - 80 mg) are all
approved narcotic agents that incorporate crush re-
sistance to prevent tampering.20-22 The claims of abuse
resistance are not endorsed by the FDA and studies
have yet to be performed to confirm the effectiveness
of these abuse-prevention formulations.

Oxecta® (immediate-release oxycodone) was ap-
proved for moderate to severe pain in 2011. Originally
investigated under the name Acurox® (oxycodone
and niacin), Oxecta® removed the niacin portion and
focused on physical resistance to abuse without affect-
ing effectiveness.23 Utilizing patented Aversion Tech-
nology, the tablet is designed to break into larger
clumps instead of fine powder when crushed to pre-
vent abuse. If inhalation is attempted, the product will
cause irritation.2* Additionally, the product is formu-
lated to form a thick gel when combined with water to
prevent intravenous abuse. To date, there has yet to
be an established study linking the new formulation of
Oxecta® to a lower abuse liability compared to imme-
diate-release oxycodone.2s

NOVEL ABUSE RESISTANT NARCOTICS
UNDER REVIEW

Pharmaceutical companies have begun investigat-
ing different formulations to reduce abuse liability.
Because it is difficult to organize a controlled clinical
trial to assess reduced abuse, no product has yet
gained approval for this purpose. The following prod-
ucts are currently in New Drug Application (NDA) sta-
tus or have received a Complete Response Letter
(CRL) from the FDA (meaning the drug has been re-
jected by the FDA in its present form).

Remoxy® (extended-release oxycodone 5 mg - 40
mg) is a water insoluble, highly viscous formulation of
oxycodone, utilizing Aversion Technology similar to
Oxecta. A CRL from the FDA was received in June
2011. A Phase I trial conducted compared chewed and
whole Remoxy® under fed conditions to oxycodone
IR and crushed oxycodone ER under fasting condi-
tions.26 The study concluded there was some promise
for reduced abuse potential. Because the comparison
groups did not have the same conditions however, the
results for the study do not reliably translate into real-
world abuse potential.

Acurox® (oxycodone 5 mg - 7.5 mg and niacin 30
mg) was the precursor to the now approved Oxecta®.
The niacin in the formulation added a new dimension

to the abuse deterrence by utilizing the undesirable
flushing effect when taken in large doses. This will
prevent abuse not only from intravenous and intrana-
sal use, but also from oral use. The NDA was rejected
by the FDA in April 2010 due to lack of evidence of
niacin being a strong enough deterrent to prevent
abuse, eventually leading to the removal of niacin and
approval of Oxecta®.2”

Rexista® (controlled-release oxycodone) is a pro-
posed product with once daily (QD) dosing and claims
that it will prevent crushing and injecting. The capsule
is formulated with a paste inside in attempt to deter
abuse through snorting, inhalation, or injection.z8 The
product also claims the ability to resist release of the
active ingredient when taken simultaneously with al-
cohol, though an explanation for this mechanism is
not yet available. There has been no NDA submitted
for this product.

Oxynal® (extended-release oxycodone and nal-
trexone) and Oxytrex® (oxycodone and ultra-low-
dose naltrexone) are two additional products that
have submitted NDAs, but the current status of their
development is unclear. Both products utilize agonist/
antagonist combinations to deter abuse when the
product is crushed or injected.

Several patents have been filed with plans to in-
vestigate prodrugs as a means of reducing abuse lia-
bility. No NDAs have been submitted to investigate the
impact of prodrugs on abuse of narcotics. One exam-
ple, NRP-290, is currently in Phase I/II trials.2? [t is a
lysine-modified opioid prodrug that requires enzy-
matic cleavage within the gastrointestinal tract. This
causes the drug’s effects to be nullified with intranasal
or intravenous administration. No published trials are
available at this time to support the effectiveness of
this formulation.

CLINICAL TRIALS FOR DRUG ABUSE DETERRENT
EFFECTIVENESS

There have been few clinical studies evaluating
the effectiveness of the products reviewed in this arti-
cle at reducing abuse potential. Most of the studies
have a low number of subjects and lack significance to
confirm or deny the effectiveness of different deter-
rence mechanisms. To establish a method to evaluate
the abuse potential of different products a 2006 study
designed and validated an Opioid Attractiveness Scale
(OAS).30 The OAS study consisted of 144 subjects and
developed a 17-item scale to assess intrinsic
(pharmacological effects, methods of abuse, etc.) and
extrinsic (availability, cost, etc.) factors of individual
drug products. The study demonstrated agreement of
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OAS scoring on 14 different medications by groups
consisting of opioid abusers and experts in opioid
abuse. A study concluded Oxycontin® to have the
highest abuse potential of the studied drugs and Dura-
gesic Transdermal® to have the lowest abuse poten-
tial. A follow-up study was completed in 2010 with the
intent to predict the attractiveness of the not-yet-
marketed Remoxy® for abuse as determined by 38
substance abuse counselors.3! Using the previously
validated OAS, Butler et al. concluded Remoxy® to
have a lower abuse potential than Oxycontin®,
Percocet®, and Vicodin®, but not Talwin NX®.

While many of the products reviewed in this arti-
cle have traits believed to reduce abuse potential and
attractiveness, few studies have been conducted to
support these claims. A handful of studies demonstrat-
ed how different formulations reduce value and attrac-
tiveness of abuse, most of which showed positive re-
sults.32:36 Tomkins et al. showed no difference in abuse
liability when comparing oxycodone to oxycodone +
ultra-low-dose naltrexone in experienced opioid abus-
ers.37 Webster et al. studied oxycodone + naltrexone
and showed adequate pain control compared to ox-
ycodone alone with significantly reduced side effects
of constipation, somnolence, and pruritis.35

Of the studies demonstrating abuse liability, some
study designs may contribute to a better understand-
ing of how to assess a drug’s potential for abuse. In a
randomized, double-blind, crossover trial, Stauffer et
al. compared the pharmacodynamic effects (including
drug-liking and euphoria) of whole and crushed mor-
phine sulfate + sequestered naltrexone (ALO-01) to
morphine sulfate solution (MSS) and placebo in non-
dependent opioid users.32 The study found whole and
crushed ALO-01 produced lower peak concentration
levels and flatter effect-time profiles for subjective
measures. ALO-01 caused less pupillary constriction
than MSS. The authors concluded that ALO-01 has re-
duced desirability compared to MSS. Another study
using Embeda® found when the capsule was crushed,
the naltrexone abated drug liking and euphoria rela-
tive to that of an equal dose of immediate-release mor-
phine.33

An unpublished study performed on 40 subjects
assessed the “drug-liking” response and safety of
crushed Oxecta® compared with crushed immediate-
release oxycodone tablets inhaled intranasally.25 The
study demonstrated that Oxecta’s® mechanism of re-
ducing abuse may reduce “drug-liking,” but a defini-
tive conclusion could not be reached.

Lastly, Vosurg et al. took an objective approach to
determine abuse potential of crush resistant oxy-
morphone compared to non-crush resistant oxy-
morphone in 25 current intravenous prescription opi-

oid abusers.3¢ The study measured the particle size of
crushed tablets for intranasal inhalation and percent
yield in extracts for intravenous abuse in addition to
subjective opinions from subjects on desire to abuse
the prepared formulations. The investigators found
fewer crush resistant than regular particles were
smaller than 1.705mm (9.8% vs. 97.7%), the maxi-
mum cutoff for the Sympatec Qicpic image analyzer
used to analyze particle size. There was no significant
difference in percent yield of extracts and a less rela-
tive abuse value of the crush resistant tablets. This
study shows promise for crush resistant formulations
to be effective in preventing abuse

These studies form a good foundation for future
study designs to determine the effectiveness of differ-
ent abuse deterrent technologies, but ultimately epi-
demiologic studies need to be conducted to determine
the true impact these new formulations have on wide-
spread abuse. Without this data, accurate assessment
the impact these new formulations have on drug abuse
cannot be made.

CLINICAL APPLICATION OF ABUSE RESISTANT AND
DETERRENT MEDICATIONS

With increased awareness of alternative formula-
tions for many narcotics, it is important to use good
judgment on a case by case basis to determine the ap-
propriateness of these agents. Many screening meth-
ods can be used to evaluate an individual patient’s opi-
oid abuse potential including the Current Opioid Mis-
use Measure (COMM),38 Opioid Risk Tool, Prescription
Drug Abuse Questionnaire, and several others. Anoth-
er useful tool is the Prescription Opioid Documenta-
tion and Surveillance (PODS) System, used to identify
patients at risk for opioid abuse as well as helping
identify patients with comorbidities contributing or
related to chronic pain.3?

After assessing a patient’s risk of prescription drug
abuse, it is important to take into account the higher
costs that may be associated with abuse deterrent for-
mulations. Since most of these formulations are not
available generically, drug acquisition cost will be
higher.

After starting therapy with a prescribed narcotic, it
is important to follow up with the patient and monitor
their progress. If a patient is taking more medication
than prescribed, there is the possibility of dependence
and abuse or the possibility that increased pain levels
are requiring dose adjustments. Utilizing the Pain As-
sessment and Documentation Tool (PADT), a practi-
tioner can assess pain management using the 4 A’s
(analgesia, activities of daily living, adverse events,
and aberrant drug-related behaviors) of successful
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care.*0 Whether utilizing developed assessment and
monitoring tools or not, it is important to evaluate
each case individually to determine the appropriate-
ness of using an abuse resistant or abuse deterrent
formulation.

SUMMARY

To counter the growing abuse of prescription nar-
cotics in the United States, many pharmaceutical com-
panies have developed newer formulations of these
medications with abuse resistant and abuse deterrent
mechanisms. Though significant trials and data of
their effectiveness in curbing abuse are lacking, there
is promise that these formulations, in addition to the
development of newer electronic prescription data-
bases, can be used together to make abuse of these
agents more difficult. When prescribing these agents,
it is important to analyze and assess the appropriate-
ness of opioid pain management and the utility of
abuse-reducing options.

® 6 o
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$ Use of selective and non-cardioselective beta-blockers in ’
¢ patients with respiratory disease and heart failure — Beta- f.
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$ patients with heart failure (HF) caused by left ventricular
3 systolic dysfunction (LVSD). Given the overlap of beta-
3 receptors in cardiac (B1 predominantly) and pulmonary ([32
3 predominantly) tissues many clinicians are hesitant to pre-
3 scribe beta-blockers in patients with pulmonary dlsease,
3 such as chronic obstructive pulmonary disease (COPD). The $
3 use of cardioselective beta-blockers has been one strategy
3 proposed to provide cardiovascular benefit while minimiz-
ging pulmonary adverse events, although it has not been
2 prospectively determined to be a superior strategy. There-
{ fore, the use of beta-blockers in patients with both COPD
$ and HF remains a challenging clinical scenario.

Using data from the OPTIMIZE-HF regist,ry Mentz and 3 3
colleagues evaluated the interaction between beta- blocker5
select|V|ty in patients with COPD following an admission for '
HF.! The original OPTIMIZE-HF registry enrolled 48,612 pa- ;:
tients hospltallzed with new-onset or worsening HF. A3} 3
“follow-up” subgroup was prespecified which |ncIuded s

those patients followed for 60 to 90 days after hospital dis-
charge; approximately 12% of the overall study population
was included in this subgroup (n=5701).

The present analysis included only those patients in the $ s
“follow-up” subgroup with LVSD (n=2682); 725 of theseg
patients (27%) had comorbid COPD in addition to LVSDﬁ
s while 1957 had only LVSD. Of the patients with COPD, 27%
s received a cardioselective (CS) beta-blocker while 43% re-
s ceived a non-cardioselective (non-CS) beta-blocker; 30% of $
s subjects did not receive a beta-blocker. For those with onIy
s LVSD, 31% received a CS beta-blocker, 45% a non-CS beta-
s blocker, and 24% did not receive a beta-blocker. OveraII,
s carvedilol and metoprolol succinate accounted for 58% and %
g 20% of beta-blockers used, respectively, and were the mos st $
$ commonly used beta-blockers within their respective beta-
"‘» blocker class (non-CS and CS, respectively).

The associations between CS and non-CS beta- blockers
on 60-day mortality and 60- to 90-day mortality or rehospi- §
talization were analyzed through regression modeling; co-
ariate predictors were included in the models to adjust for §
otential confounders.

At discharge, patients with COPD were less likely to
receive beta-blockers than those without COPD (p=0.001). $
Among those receiving beta-blockers, approximately 40% $
received a CS beta-blocker while 60% received a non- CS;
beta-blocker, which was consistent regardless of COPD sta-
tus.
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Estimates of 60-day mortality were similar for those
with and without COPD at 6.2% and 6%, respectively. Addi-
s tionally, mortality rates were similar in those without and
$ without COPD receiving either a non-CS or CS beta-blocker.
',;No beta-blocker use was associated with a higher rate of;
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": mortality regardless of COPD status.
The composite outcome of 60- to 90-day mortality or5
$ rehospitalization occurred more frequently in those W|th5
': COPD (41%) compared to those without COPD (34%). Event $ ;’
g rates were similar in patients with COPD who received a CS ;’
s beta-blocker (43.6%) and in those who did not receive a beta 5
-blocker (44.1%); those receiving a non-CS beta-blocker had
a lower event rate (37.7%).

Overall, the use of a CS or non-CS beta-blocker was as-
3 sociated with a lower 60-day mortality compared to no beta-
blocker use, regardless of COPD status. With respect to spe-
cific beta-blocker subtype, there was no significant differ-
ence found between non-CS and CS beta-blockers for 60-day
mortality (p=0.82). Similar doses of beta-blockers were
achieved in both groups, indicating that those with COP
3 tolerated the agents as well as those without COPD.

The authors concluded that potential changes in pulmo- §
ary function with non-CS beta-blockers, as compared to CS §
eta-blockers, are not associated with worse outcomes in ’
atients with COPD and HF Instead, the potential pulmonary $ 3
erangements caused by non-CS beta-blockers may be bal- 5’
nced by beneficial cardiovascular effects. Therefore, the £ :
referential use of CS beta-blockers in those with concomi-
ant COPD and HF is not supported by the results of the pre-
ent study. The authors note that these results should be $
alidated in prospective randomized studies.
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3 1. Mentz RJ, et al. Am J Cardiol 2012 Nov 29. doi:10.1016/
3 j.amcard.2012.10.041
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