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Preface

Most of our education as psychiatrists consists of learning how to diag-
nose patients and then learning how to choose the right treatment. This
is important stuff. For example, I recently admitted a 36-year-old woman
to the inpatient unit. The day before, she had been observed by neighbors
trying to open the doors of several other apartments in her complex. When
confronted, she screamed at them and said that “all these domiciles are my
own.” The police were called, and she was admitted on an involuntary basis
to our unit.

My training enabled me to quickly establish rapport, arrive at a diag-
nostic differential (I entertained bipolar disorder, schizophrenia, and schi-
zoaffective disorder, among others), and efficiently ask the right questions
to rule those diagnoses in or out. I decided that she was suffering a manic
episode, and my psychopharmacology training directed me to the most
efficacious cocktail for quelling acute mania—a combination of a mood
stabilizer, an antipsychotic, and a benzodiazepine.

But here’s where the difficult decisions really begin, for this patient and
others like her. Which mood stabilizer? I chose lithium. But which version of
lithium? Should I start it in the morning or at night? How frequently should
I dose it? When should I draw a blood level? Should I worry about other
drugs the patient might be taking, such as ibuprofen for a sprained ankle?

The secret of excellent psychiatric treatment lies in the detailed answers
to such questions. Over the course of our careers, we gradually learn about
how different formulations of a given drug can make a big difference, how
timing blood draws helps us titrate doses, how drugs can interact with one
another, etc. But these lessons take many years to learn, and the answers
change periodically as we learn more and with the development of new
medications, new kinds of medications, and new technologies such as phar-
macogenetics. There are few textbooks that focus explicitly on the details of
drug metabolism and formulation—details that end up making the differ-
ence between superior treatment and treatment that is just “good enough.”

That’s why I wrote the first edition of this book, back in 200S. I fanci-
fully titled it When Molecules Collide, not realizing that prospective readers
would mistake it for a science fiction book. The second and third editions
were retitled Drug Metabolism in Psychiatry—very faithful to the contents,

v



but a title to go to sleep by. For the fourth edition, I teamed up with my
colleagues Chris Aiken and Josh Feder to produce an expanded book, and
decided to give it the somewhat more titillating title Prescribing Psycho-
tropics: From Drug Interactions to Pharmacogenetics.

I hope you like it.

Daniel J. Carlat, MD
Newburyport, MA
November, 2021

vi



SECTION |

The Basics



This page intentionally left blank



CHAPTER 1

Introduction: An Overview
of Drug Metabolism and a
Road Map to the Book

LET’S BEGIN THIS JOURNEY with a very basic question. Why do we
need drug metabolism at all?

The best thinking among pharmacologists is that metabolism started
when early organisms realized that they could improve their chances of
survival by producing toxins and delivering them to potential predators.
While poisoning enemies was good fun, a problem arose: how to avoid poi-
soning themselves. Metabolic enzyme systems therefore initially evolved in
order to get rid of these endogenous toxins, but they turned out to be quite
good at neutralizing exogenous toxins as well, such as food byproducts and
(fast-forward a billion years) modern pharmaceuticals.

In order for drugs to work, they need to get into our system and into our
cells. First, that means that the drug molecules have to be packaged in a
delivery system that patients find attractive and are willing to swallow (see
Chapter 2 on the secrets of pills and capsules)—or, sometimes they might
be more efficiently delivered as patches, intranasally, or as injectables (see
Chapters 6 and 7). Once the medications get into our system, they have
to be absorbed and distributed. For GI absorption to happen, the stomach
must grind down pills and capsules so that the molecules can come into
contact with intestinal villi, where most of the actual absorption into the
bloodstream takes place.

To effectively prescribe drugs, you need to know a bit about pharma-
cokinetics, which is the study of how long drugs stick around inside the
body and what concentrations they typically achieve. The most clinically
relevant parameters are half-life and area under the curve (AUC). The half-
life is a measure of how rapidly half the amount of a drug is excreted, and
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4  PRESCRIBING PSYCHOTROPICS: From Drug Interactions to Pharmacogenetics

the AUC represents the entire amount of drug that is present in the blood
over a given period of time. Chapter 4 focuses on half-life, steady state, and
the whole field of pharmacokinetics.

After drugs have worked their magic, we have to get rid of them. How
do we accomplish this? The answer, which we discuss in Chapters 8 and
9, is that we transform them into water-soluble versions of themselves, so
that they can be swept away in (watery) urine or stool. To do this, we use
cytochrome P450 enzymes and glucuronidation, which you’ll learn about
in Chapter 8 as well.

By the way, as part of our effort to explain drug excretion in Chapter
9, we offer you our take on the kidney, that intimidating organ that we all
know we should know more about but have been studiously avoiding. We
show you that the kidney is made up of nephrons that do the work of drug
excretion, and how understanding the process of tubule absorption will
help you feel comfortable prescribing lithium and knowing when to order
lithium levels.

Before drugs get excreted, they spend some time in the bloodstream,
hopefully getting into the brain and doing something constructive for our
patients (see Chapter 3 for an explanation of the blood-brain barrier).
Along the way, they may encounter other drugs, leading to drug-drug
interactions. We cover such interactions in Chapters 10, 11, and 12, and
also focus on drug-food interactions that aren’t as well known (Chapter
13) and interactions with recreational drugs (Chapter 14).

In Chapter 15 we cover the very important topic of pharmacodynamic
interactions, in which some of our drugs combine forces with other drugs
to cause potentially fatal assaults on the brain, such as serotonin syndrome
and MAOI-induced hypertension. In that same chapter, we remind you of
the dangers of anticholinergic interactions and how to minimize them in
your patients.

Throughout the text, we try to keep a practical eye on how these concepts
apply to your prescription pad. Toward that end, the new edition features
more extensive coverage of three trends that have expanded since the first
edition came out in 2005. More drugs have gone generic (Chapter 16), and
a dizzying array of new formulations have become available, from delayed-re-
lease mechanisms to fast-acting dissolvable tablets (Chapters 5-7).

The third area of growth is pharmacogenetic testing, which we cover in
Chapter 17. We explain the ever-controversial field of CYP450 genotyping
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and discuss whether commercial genetic panels are ever worth ordering.
The final chapters (18-20) remind us of patient characteristics that can
alter drug metabolism but do not require a genetic test to detect: age, gen-
der, and ethnicity.

Don’t forget the appendix, which brings the most useful charts and
tables together for easy reference.
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CHAPTER 2

Pills, Capsules, and Wafers:
How Drugs Are Formulated
and Why It Matters

APSYCHOPHARMACOLOGIST PRESCRIBES thousands of pills over
a career but is likely to have very little idea of how those medications are
manufactured and formulated. In this chapter, we’ll help to remedy this
knowledge gap.

Some Definitions

The word “pill” comes from the Latin pillula, meaning a little ball or pellet.
The term was first used in its medical sense in the 1400s and referred to a
package of medicinal herbs with inert substances rolled into a sphere.

In modern usage, “pill” and “tablet” are interchangeable and refer to solid
forms of medicines. They are manufactured by combining the powderized
active molecule with inactive fillers called excipients. Those ingredients are
then compressed together into a shape and size that is easily swallowed. The
excipients are used for various reasons, including to bulk up the medicine
so it’s big enough to handle; to give the outer layer a pleasing taste, texture,
or color; to help preserve the medicine; and to enhance the medicine’s
ability to effectively dissolve in the GI tract.

Unlike pills and tablets, capsules are not solid. Capsules are dissolvable
shells that contain a powder or liquid form of the medication.

A@ VEGAN MEDICINES?

Many capsule shells are made of gelatin from animal collagen,
but recently there’s been a shift toward plant derivatives. Unfortunately
for your vegan or vegetarian patients, it is very difficult to determine if
a given medication contains animal products. One study in Britain
looked at the ingredients of the 100 most commonly prescribed

7



8  PRESCRIBING PSYCHOTROPICS: From Drug Interactions to Pharmacogenetics

medications in the National Health Service. Two-thirds of them con-
tained ingredients that were potentially of animal origin, but the
researchers were unable to determine that with greater precision. At
this point, if you have a vegan patient who asks you about this issue,
you should counsel them to reach out to the manufacturer directly.

Pills vs Capsules

Pills and tablets have a few advantages over capsules: lower cost, ease of
cutting them in half, and longer shelflife. Their disadvantages include that
they are typically harder to swallow and can have a bitter taste.

Liquid formulations are another common option to try when people
have trouble swallowing medications. Many classes of psychotropic medi-
cations, including antipsychotics, antidepressants, stimulants, and anticon-
vulsants, are available in liquid form, and many more can be turned into a
liquid by a compounding pharmacy. Liquids are also useful when patients
have to taper off a medication very slowly to prevent withdrawal effects.

TABLE 2-1. Pros and Cons of Pills and Capsules
Pills and Tablets | Capsules

Harder to swallow but usually can be Easier to swallow
crushed (as long as they aren’t extended
or delayed release)

Can have bitter taste Tasteless, odorless

Most can be cut in half Most can be opened and mixed into
foods or liquids

Longer shelf life, often lower cost The power of suggestion: Capsules
enhance the placebo response

TABLE 2-2. Prescription Abbreviations, Decoded

Abbreviation Latin Term Meaning
Rx Recipe Prescription
QD Quaque die Once a day
BID Bis in die Twice a day
TID Ter in die Three times a day
QID Quater in die Four times a day
HS Hora somni At bedtime
Q4h Quaque 4 hora Every four hours
PO Per os By mouth
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Tough Pills to Swallow

Difficulty swallowing is a common cause of non-adherence, but it
can also be dangerous. A pill that gets stuck going down can cause
esophagitis and delayed absorption. This is why we advise patients to
take their medication with a glass of water or with applesauce, yogurt,
or a thick liquid. Patients with dysphagia should avoid thin liquids,
which can cause aspiration.

Patients young and old can get creative with this. We've heard of suc-
cess with ingesting meds mixed with peanut butter, whipped cream,
M&Ms, or cake decorating sprinkles. Special devices are available to
make swallowing easier, but most lack evidence. The do-it-yourself
methods below were tested in a study of 151 adults and improved
their ability to swallow medications 60%-89% of the time (Schiele
JT et al, Ann Fam Med 2014;12(6):550-552).

Water Bottle Method for Tablets
1. Fill a flexible plastic water bottle
(the kind you could crush by suck-
ing on the opening) with water.
2. Place the tablet on your tongue
and close your lips tightly around
the bottle. Then drink the water by
sucking it down. Your lips should
form a tight seal to keep air from
getting in the bottle, so that the bottle squeezes in on itself as you
suck the water down. Don’t let air get into the bottle.

Lean-Forward Method for Capsules

1. Place the capsule on your tongue.

2. Take a medium sip of water, but don’t
swallow yet.

3. Bend your head down by tilting your
chin toward your chest and swallow the
water and capsule.

9
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TABLE 2-3. Techniques to Improve Swallowing

Swallowing Aid | Success Rate

Pill-swallowing cups Unstudied (eg, Oralflo)

Pill-swallowing straws Unstudied (eg, SafeStraw)

Pill-coating devices Medcoat improved swallowing and taste in
98%-99%

Lubricant gels Unstudied

Lubricant sprays Pill Glide improved swallowing in 60%

Water bottle method for tablets Improved swallowing in 60%

Lean-forward method for capsules | Improved swallowing in 89%

Orally Disintegrating Formulations

Orally disintegrating tablets (ODTs) have come on the scene over the last
20 years. Two of the most popular are olanzapine and mirtazapine ODT
(formerly branded as Zyprexa Zydis and Remeron SolTab), but there are
many others (see chart on page 11). In this section, we’ll discuss some of
the potential advantages of ODTs and describe various situations in which
you might consider prescribing them.

ODTs are designed to dissolve quickly on the tongue. The first ODTs
were vitamins that fizzed up in order to make them more pleasant for chil-
dren. To achieve this, pharmaceutical companies used “loose-compression
tableting,” which is just as it sounds: a process where the tablets are com-
pressed under low force. Loosely compressed tablets take about 20 seconds
to dissolve. The FDA says that in order to be called an ODT, a tablet has to
dissolve within 30 seconds.

An advance on the loose-compression technology is the Zydis technol-
ogy, which was developed in the 1990s by R.P. Scherer Corporation. This
process involves freeze-drying the various ingredients, resulting in pills that
dissolve within 3 seconds. The first FDA-approved ODT was a Zydis form
of Claritin in 1996. Klonopin Zydis (“wafers”) was approved in 1997, and
Zyprexa Zydis was approved in 2000.

ODT formulations are especially helpful for the following types of
patients:

« Patients who don’t like to swallow pills. According to some figures, this

includes up to 35% of the general population and is especially common
in psychiatric patients, children, and elderly patients.
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« Patients with dysphagia (difficulty swallowing). This is especially
common among elderly patients in nursing homes, where up to 60%

have dysphagia.

« Disabled or bedridden patients who may not have easy access to water.
« Noncompliant patients who fake swallowing pills by cheeking them.

Another potential advantage of ODTs is that they may have a faster onset
of action because some of the dissolved medication gets absorbed directly

into the oral mucosa, avoiding the delays of the first-pass effect.

ODTs have at least two disadvantages. They are more expensive than

regular pills, even after they’ve gone generic, and most of them can’t be cut

(some can, but the patient has to throw the remaining half of the pill away).
Most of the ODTs in Table 2-4 have lost their patent, with the exception
of two stimulants—Adzenys and Cotempla—that are slated for generic

release in 2026.

TABLE 2-4. Orally Disintegrating Psychotropics

Generic Name

Orally Disintegrating Version

Aripiprazole Aripiprazole ODT (Abilify Discmelt)
Asenapine Asenapine sublingual (Saphris)
Clozapine Clozapine ODT (FazaClo)
Olanzapine Olanzapine ODT (Zyprexa Zydis)
Risperidone Risperidone ODT (Risperdal M-Tab)
Mirtazapine Mirtazapine ODT (Remeron SolTab)
Lamotrigine Lamotrigine ODT

Amphetamine salts | Adzenys XR ODT

Methylphenidate Cotempla XR ODT

Alprazolam Alprazolam ODT (Niravam)
Clonazepam Clonazepam ODT (Klonopin Wafers)
Zolpidem Zolpidem sublingual (Edluar, Intermezzo)

Zolpidem oral spray (Zolpimist)

Diphenhydramine

Diphenhydramine ODT (Benadryl FastMelt, Unisom SleepMelts)

Buprenorphine/
naloxone

Buprenorphine/naloxone sublingual tablet or film (Suboxone)

Donepezil

Donepezil ODT
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A Closer Look at Olanzapine ODT

Olanzapine ODT (Zyprexa Zydis) has achieved something of a niche in
the treatment of agitated and psychotic patients in emergency rooms and
inpatient settings. While many such patients require restraints and invol-
untary intramuscular medication cocktails such as haloperidol/lorazepam/
diphenhydramine, others are willing to take oral meds. For these patients,
we need medications that get into the system as quickly and reliably as
possible, which brings us to the orally disintegrating antipsychotic.

In an effort to determine if the ODT form of olanzapine has advantages
over the standard oral version, researchers compared them in 11 healthy
people. Each subject received three versions of olanzapine S mg, about
2 weeks apart: regular olanzapine tablets, olanzapine ODT swallowed,
and olanzapine ODT sublingually. For the sublingual form, subjects were
encouraged to leave the medicine in their mouth for 15 minutes. The sub-
lingual condition was added to see if pregastric absorption would speed up
the effects of ODT.

After taking the dose, 14 samples of blood were drawn over the next 8
hours. Both ODT formulations reached peak concentration a bit earlier
than the tablet:

« Tablet: 4.4 hours

« ODT swallowed: 3.5 hours

« ODT sublingual: 3.8 hours

Perhaps more relevant for use in acute agitation, researchers found
that at the 10-minute mark, both ODT forms were detectable in subjects’
serum, whereas it took 30 minutes for the tablet form to be detectable.
There was no statistically significant difference between swallowing the
ODT and allowing it to dissolve sublingually (Markowitz JS et al, ] Clin
Pharmacol 2006;46(2):164-171).

The bottom line is that olanzapine ODT is a good choice for rapid
control of agitation when patients are willing to take a pill, and it has
the advantage of being very difficult to cheek because it dissolves almost
instantaneously.

Does Olanzapine ODT Cause Less Weight Gain?

Soon after its release in 2000, the idea began to spread that olanzapine
ODT caused less weight gain than the standard tablet. The theory was that


https://www.ncbi.nlm.nih.gov/pubmed/?term=Markowitz%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=16432268
https://www.ncbi.nlm.nih.gov/pubmed/16432268
https://www.ncbi.nlm.nih.gov/pubmed/16432268
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the ODT version would have less contact with the appetite-regulating sero-
tonin receptors in the gut. By 2010, there were nine open-label studies and
case reports documenting weight loss (half a pound a week, on average)
after switching from standard olanzapine to ODT.

However, this is a cautionary tale. Like a lot of ideas in psychiatry, the
uncontrolled, open-label studies were positive, but all three randomized,
placebo-controlled trials that followed were negative. It’s tempting to
believe in the open-label studies, since they tell a hopeful story that’s easy
to understand. The problem is that they don’t tell the whole story. Besides
the hidden placebo effect, there’s a strong publication bias against nega-
tive studies. Lots of doctors switched their patients to ODT, but only the
handful who saw a drop in weight bothered to publish their observations.

Dissolvable Zolpidem Formulations

Zolpidem (Ambien) comes in three sublingual forms. The standard dose
(Edluar) is prescribed as S or 10 mg before bed just like zolpidem. The low
dose (Intermezzo, 1.75-3.5 mg) is FDA approved for middle-of-the-night
awakening when patients have at least 4 hours left to sleep. Then there’s
Zolpimist, a sprayable liquid that’s absorbed under the tongue and through
the cheeks and comes in doses equivalent to standard zolpidem. All of these
are promoted for their rapid action, but in reality their serum levels take
about as long to peak (1 hour Tmax) as regular zolpidem.

Can Patients Have Allergic Reactions
to Inactive Ingredients?

The short answer: definitely. A team of researchers at Brigham and Women’s
Hospital recently published the first comprehensive review of excipients
and their potential for adverse reactions. The paper is interesting in a variety
of ways. First of all, it’s surprising how many inactive ingredients are used in
the world of pills. The average pill, they found, is made up of 75% inactive
ingredients, with an average of 8.8 excipients present.

How common are allergies to inactive ingredients? 90% of oral medi-
cations have at least one excipient that has been reported to cause adverse
reactions in sensitive patients. Common culprits found in pills include
lactose (present in 45% of oral drugs), peanut oil (often found in valproic
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acid), gluten (in 18% of drugs), and chemical dyes (Reker D et al, Sci Transl
Med 2019;11(483):eaau6753).

If you have patients with sensitivities to lactose, peanuts, gluten, or
chemical dyes, make sure they know to work with their pharmacist in iden-
tifying pills that may contain these products.

The Myth of the “Expired Pill”

If a medication expires in March 2028, that means it will remain stable until
at least March 2028, but the medication won’t necessarily expire then—it
could remain active for many years after that. The reason for this confusion
has to do with a loophole in the FDA regulations. Drug manufacturers are
required to state how long a drug remained stable in their testing before
releasing it to the public, but they aren’t required to carry on that testing
to the point of expiration. That would be a long time, and pharmaceutical
companies are understandably impatient to bring their products to market.
That’s why the typical expiration date for most medications is 1 year out,
but most remain “good” for decades when tested by independent labs.
“Good” means that the medication retains 90% of its dosage.

In one study, eight long-expired medications with 15 different active
ingredients were discovered in a retail pharmacy in their original, unopened
containers. All had “expired” 28 to 40 years prior to analysis. Researchers
chemically analyzed the pills and found that 12 of the 14 drug compounds
tested (86%) were present in concentrations of at least 90% of the labeled
amounts—and two registered at 110% concentration, even higher than the
labeled levels (Cantrell L et al, Arch Intern Med 2012;172(21):1685-1687).

There are many more formulations of drugs to choose from, but you’ll have
a better sense of how to use them after we describe how they are absorbed
and metabolized in the next two chapters. Then we’ll get into the XRs,
transdermals, injectables, and other creative formulations that have blos-
somed in recent years.



CHAPTER 3

Gl Absorption, Distribution,
and the Blood-Brain Barrier

IN THIS CHAPTER, WE'LL FOCUS on the most common way that our
patients take their medications: by mouth, or “PO” (an abbreviation of the
Latin “per os,” meaning by mouth). When a patient puts a pill or capsule in
their mouth, it begins a process through which the molecules get absorbed
into the body and transported to the organ of interest—which, for our
patients, is the brain.

To start with an overview, the GI tract is essentially a long tube lined
with an absorptive mucous membrane. The tube is divided conceptually
into different sections, which have different shapes and are specialized to
do different things. As drugs get propelled through the tube, the carriers
(capsules or tablets) disintegrate, liberating the drug molecules. These
molecules are small enough to pass through cell membranes, which they
do as they make direct contact with the gut mucosa. Most drugs that we
use are lipophilic, meaning that they have no ionic charge. Only lipophilic
drugs diffuse easily through cell membranes in the gut. Once through this
epithelium, the drug molecules diffuse into the capillaries, which transport
them into arteries. From there, they travel to the organs.

The Details of Gl Drug Absorption

Pills gradually move through the entire GI system—the mouth, the esoph-
agus, the stomach, the small intestine, the large intestine, and finally the
rectum. For most of the drugs we prescribe, no meaningful absorption
occurs in the mouth, as the pills spend very little time there. Nor does the
stomach do much absorption; instead, it grinds and shoots acid at the pills,
helping them disintegrate. Most actual absorption doesn’t occur until the
drugs reach the small intestine, an organ that is specialized for this task.

15
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The small intestine contains millions of villi and microvilli in its folds,
providing an absorptive area about the size of a tennis court. Now that’s a
lot of absorption.

FIGURE 3-1.The Gl System

Once drugs are absorbed by the GI tract, they go into the hepatic portal
circulation to the liver. This delay before delivery to the target tissues is
famously known as the “first-pass effect” because drugs pass first through
the liver en route to the heart. Depending on the drug, the liver may metab-
olize well over 50% of the active ingredients before they arrive at the brain.

There are, however, two regions of the GI tract that drain into vessels
that go directly to the heart, bypassing the greedy liver: the sublingual area
(under the tongue) and the rectal area. When administered sublingually
or rectally, drugs can get to work faster and in higher concentrations. We
prescribe drugs this way when rapid onset of action is crucial. Sublingual
nitroglycerin, for instance, quickly relieves cardiac anginal pain, hope-
fully preventing a heart attack. More relevant to psychiatry, sublingual
alprazolam quickly relieves the anxiety of panic attacks, and sublingual
zolpidem (Edluar and Intermezzo) can be taken in the middle of the night
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for insomnia. Theoretically, most drugs can be administered sublingually,
but some dissolve too slowly or taste too bitter to make this a good option.

Drug Absorption After Bariatric Surgery

There are two main types of bariatric surgery: gastric bypass (Roux-
en-Y), in which the stomach is made very small and is attached to
the middle part of the small intestine, bypassing the duodenum;
and vertical-sleeve gastrectomy, in which much of the stomach is
removed, leaving a banana-shaped sleeve that connects directly to
the duodenum. While both types of surgery can impair medication
absorption, the gastric bypass is the worse actor, since it bypasses part
of the intestine where drug absorption occurs.

After bariatric surgery, modified-release (MR) formulations (eg,
extended release, controlled release) pose the main challenges
because they don’t spend enough time in the shortened GI tract to
get fully absorbed. These include a few drugs that don’t broadcast
their MR design: desvenlafaxine (Pristiq), duloxetine (Cymbalta),
levomilnacipran (Fetzima), and paliperidone (Invega). Some imme-
diate-release medications can also see a drop in their absorption, like
fluoxetine, paroxetine, sertraline, amitriptyline, lamotrigine, olanzap-
ine, and quetiapine. On the other hand, lithium can rise to toxic levels
as the patient loses weight after the surgery.

The solution is to switch to immediate-release formulations or, better
yet, sublingual, transdermal, or liquid formulations. If the medication
is critical to the patient’s stability, you may want to check their serum
level before and after the bariatric surgery. Serum lab tests are avail-
able for most medications and cost $20-$50.

These changes in absorption usually stabilize after 6 months as the GI
tract adapts to its new anatomy. At that point, you can slowly revert
to the patient’s presurgical regimen, checking response and serum
levels as you go.

From the Gl Tract to the Brain

The remaining active molecules leave the liver through the hepatic vein
and then travel through the circulatory system in the following order: the
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inferior vena cava, the heart’s right atrium and ventricle, the pulmonary
artery into the lungs, the pulmonary vein to the left atrium and left ventri-
cle. From the left ventricle, blood is pumped into the aorta and onward to
systemic circulation.

As our patients’ psychotropic-enriched blood is propelled out of the left
ventricle and into the ascending aorta, it branches into the left and right
common carotids (the right carotid actually branches out of another artery,
but close enough). The internal carotid arteries branch off from the com-
mon carotids, and these supply blood to the middle and front portions of
the brain. The posterior part of the brain is supplied by a more complicated
set of arteries, including the vertebral and basilar arteries.

Volume of Distribution

Now is when we have to introduce the somewhat confusing topic of volume
of distribution (Vd). It’s worth learning, because it has a lot of implications
for how we dose medications, especially in patients who are elderly and/
or overweight.

The Vd is a measure of how widely a drug is distributed throughout
the entire body, as opposed to how much is in the bloodstream alone. It is
defined according to the equation:

vd Total amount of drug in the body

Concentration of drug in the bloodstream

The concept of Vd has confused medical students through the ages,
because a “high volume of distribution” sounds like it should mean that
there’s a lot of medication around, giving it a strong effect. However, if you
take a close look at the equation, you'll see that the opposite is true. A high
Vd means that there is relatively little drug in the bloodstream, so less is
available to accomplish its therapeutic task. On the other hand, a low Vd
means that relatively more medication is available in the blood.

So where does all this drug go if it’s not in the bloodstream? Primarily
into the adipose tissue. Most drugs dissolve in fatty tissue because they
are lipophilic. A typical normal-weight person has a 4:1 ratio of lean to
adipose tissue (about 80% lean weight vs 20% fat weight). An obese per-
son (defined as having a body mass index of over 30) has a lean-to-fat ratio
closer to 3:2, or 60% lean vs 40% fat (Barras M and Legg A, Aust Prescr
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2017;40(5):189-193). If there’s more fat in the body, lipophilic drugs will
be drawn into those fat stores, which means less of the drug is available to
have an effect. However, over the ensuing hours or days, the fat stores get
saturated and the drug is gradually released back into the bloodstream.

How does knowing this affect your prescribing? In patients with more
adipose tissue, the initial doses of a medication may need to be higher to
have an effect. This is particularly relevant when treating acute anxiety or
agitation. Benzodiazepines and antipsychotics may need to be dosed higher
in obese individuals to get around the high volume of distribution. However,
over time, with repeated dosing, an equilibrium between fat and blood-
stream is reached and you can generally decrease the dose back to normal.

Aside from obese patients, other people with relatively more adipose
tissue include the elderly, who lose lean body mass and therefore may have
significant fat stores even if they are underweight. We’ll talk more about
drug metabolism in the elderly in Chapter 18, but the bottom line is the
first dose of an antianxiety medication may need to be relatively higher than
you'd expect, followed by lower dosing as you continue the medication.

While lipid solubility may lower the initial serum levels of a drug, it has
avery different effect at the blood-brain barrier. Here, lipid-soluble medica-
tions enter the lipid-rich brain more rapidly, which is why benzodiazepines
that are highly lipid soluble have a more rapid onset of action.

The Blood-Brain Barrier

At this point we have our drugs in the brain’s neighborhood, but how do they
actually make it to the neurons where we want them to be? As in the rest of
the body, arteries turn into narrow arterioles and then into capillaries, and
medications must squeeze between the endothelial cells lining the capillaries
in order to make it into the tissue. But in the brain, this vasculature “switches
from delivery route to security system,” in the words of The Scientist.

This is the blood-brain barrier (BBB), and it prevents over 90% of drugs
from entering the brain. There are various mechanisms that accomplish
this, such as proteins that cause tight junctions between endothelial cells,
and efflux transport cells that oust drugs out of the endothelium and back
into the bloodstream, like bouncers keeping the riffraff out of a nightclub.

The BBB is one of the reasons that it is difficult to develop new psychi-
atric drugs. Generally, the lucky few drugs that can make it into the brain
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share a couple of qualities: They are pretty small molecules, and they are
very lipid soluble. Two of the original drugs that fit these criteria are mor-
phine and heroin, which were often used to treat depression and anxiety
before 1950. The antidepressants that replaced them are also small and
lipid soluble.

Because neither serotonin nor dopamine can cross the BBB, we cannot
use pure neurotransmitters to treat brain illness. In order to affect serotonin
levels, we must do so indirectly by creating drugs that are small enough to
get inside the brain, where they can increase the supply of serotonin by
interfering with reuptake.

This is also why we can’t treat Parkinson’s disease (caused by a dopamine
deficiency) by giving pure dopamine, which doesn’t cross the BBB. Instead,
we give dopamine’s precursor, levodopa, which can enter the brain and then
be metabolized to dopamine. Sinemet, a common Parkinson’s treatment, is
actually a combination of levodopa and carbidopa; carbidopa is added to
prevent the levodopa from being degraded too much before it enters the
brain, which minimizes peripheral side effects.

That’s how the journey looks, but to troubleshoot your patient’s meds
and dose them correctly, you'll need to know how the journey is measured.
In the next chapter, we'll look at how fast medications get in and out of the
system and how high their levels go.



CHAPTER 4

Basic Pharmacokinetics:
Onset, Duration, and Half-Life

PHARMACOKINETICS REFERS TO HOW DRUGS move through the
body and what makes their serum levels go high or low. Pharmacodynam-
ics, on the other hand, refers to a drug’s therapeutic and adverse effects. The
two are sometimes distinguished in the following way: Pharmacokinetics
is what the body does to the drug, whereas pharmacodynamics is what
the drug does to the body. In this chapter, we’ll review the need-to-know
material on pharmacokinetics that will guide your medication decisions.

Tmax, Cmax, and Onset of Action

After a patient swallows a pill, the drug is absorbed and rises fairly
quickly to a peak concentration, termed “Cmax.” The time required for a
particular drug to reach Cmax is called its “Tmax.” Note that Tmax is not
the same thing as onset of action. For example, sildenafil (Viagra) takes
about an hour to reach Cmax, but its onset of action is 20-30 minutes.
This is because most drugs start to affect the body at concentrations
lower than their maximum eventual concentrations. For sildenafil, the
effective concentration is attained well before Cmax (this is true for
benzodiazepines as well).

After reaching Cmax, the concentration gradually falls, eventually reach-
ing a “Cmin,” or trough concentration, just before the next dose is taken.
Graphically, the best way to comprehend these concepts is to look at a
concentration-time curve, which is printed in the Physician’s Desk Reference
(PDR) for most drugs. It shows how the amount of a single dose of a drug
in the blood varies over time:

21
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FIGURE 4-1. Concentration-Time Curve

The area under the curve (AUC) is a measure of the total amount of drug
absorbed by the body over time, and it’s often used by drug reps to pro-
mote modified-release (MR) formulations of drugs. They may show you
such curves to prove that a once-a-day MR formulation leads to an AUC
comparable to BID or TID dosing of the instant-release formulation. We’ll

scrutinize the value of MR compounds more closely in Chapter S.

Half-Life

The half-life is the time required for half of a drug to leave your patient’s
body. Five is the magic number: It takes S half-lives for a drug to be com-
pletely cleared from the patient’s system. Conversely, it takes S half-lives
after a patient starts taking a drug for it to reach a steady state, at which

point a blood level is reliable.

Dosing by Half-Life
When a manufacturer releases a new medication, it usually bases the dosing
schedule on the half-life. A medication with a 24-hour half-life is dosed

once a day (QD); one with a 12-hour half-life is dosed twice a day (BID);
and a drug with an 8-hour half-life is dosed three times a day (TID). Over
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time, clinicians often simplify these schedules to once a day. That makes it
easier for patients to follow, but does it compromise the drugs’ efficacy?

A few studies have tested this out, comparing daily to twice-daily dosing
for antipsychotics and antidepressants with short half-lives. In all cases
that we're aware of, the two dosing strategies had the same outcomes.
The most likely explanation is that the involved drugs’ therapeutic bene-
fits depend on downstream effects like neurotropic factors and receptor
adaptation, and the brain doesn’t require constant steady-state exposure
to the drug to achieve those effects (Yyldyz A and Sachs GS, ] Affect Disord
2001;66(2-3):199-206).

Once-a-day dosing is more likely to alter a drug’s side effects than its
therapeutic effects. Sedation improves with evening dosing, a strategy that
has been successfully employed with antidepressant doses of trazodone,
which can be given entirely at night. Other side effects improve with
divided dosing, particularly the ones that worsen as the level peaks: nausea,
dizziness, fatigue, orthostasis, and QTc prolongation.

VERDICT

Psychiatric medications with delayed benefits can usually be given once a
day without loss of efficacy. This strategy improves some side effects like
sedation, but other side effects benefit from spreading out the dose and
lowering the drug’s peak levels.

The Half-Lives of Stimulants and Sedatives

Stimulants and sedatives are among the few psychiatric medications with
immediate effects, so these drugs are usually given in divided doses that
follow their half-lives. For example, alprazolam has a half-life of 612 hours
and is dosed every 6—12 hours. Why the range? Half-lives are not fixed in
stone but vary by patient. Ask your patient when they feel the medication
start to wear off, and use that to personalize the dosing schedule.
Anything that speeds up drug metabolism will shorten the half-life,
necessitating more frequent dosing. Metabolism is speeded up by drug
interactions with potent inducers, genetic variations of the “rapid metab-
olizer” type, and youth. The opposite factors slow down drug metabolism
and lengthen the half-life: drug interactions with potent inhibitors, genetic
variations of the “poor metabolizer” type, and old age. For example, lam-
otrigine’s half-life is 24 hours, but that stretches to 48 hours with a potent
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inhibitor like valproate and shrinks to 12 hours with a potent inducer like
carbamazepine.

We've listed the half-lives of stimulants and sedatives in the following
tables, from the prescribed to the unprescribed (but often taken, like caf-
feine). Here are a few trends to pay attention to. When selecting a sleep
medication, a short half-life option like zaleplon (Sonata) is less likely to
cause problems with memory or coordination the next morning. Zaleplon’s
half-life is 1 hour, which is why the FDA allows it to be taken a little later
than other hypnotics (specifically, after the patient has gone to bed and
has experienced difficulty falling asleep instead of restricting the dose to
before bed).

You’ll notice that benzodiazepines are often dosed more frequently
than their half-lives would suggest. This is because their duration of action

TABLE 4-1. Stimulant Half-Lives

Stimulant | Half-Life | Dosing Schedule
Caffeine 3-4 hr Varies
Methylphenidate and dexmethylphenidate 3hr TID
Amphetamine salts and dextroamphetamine 10-14 hr BID
Modafinil and armodafinil 15 hr QAM

TABLE 4-2. Benzodiazepine Half-Lives

. HaIf-L.ife Dosing Dose Equivalent
Half-Life of Active to Clonazepam
Metabolites Schedule Tmg

Triazolam 2-6 hr None QHS 0.5-1mg
Oxazepam 4-15 hr None TID-QID 60 mg
Temazepam 8-22 hr None QHS 30-60 mg
Alprazolam 6-12hr None BID-TID 1-2mg
Lorazepam 10-20 hr None BID-TID 2-4mg
Estazolam 10-24 hr None QHS 2-4mg
Clonazepam 1-2 days None BID 1 mg
Quazepam 2-3 days 1-6 days QHS 30-40 mg
Diazepam 1-4 days 1-8 days BID-TID 20 mg
Clorazepate <30 min 2-8 days BID-QID 30 mg
Chlordiazepoxide | 0.5-2 days 2-8 days BID-QID 50 mg
Flurazepam 2-3 hr 2-10 days QHS 30-60 mg
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TABLE 4-3. Sedative-Hypnotic Half-Lives

Sedative | Half-Life | Tmax
Melatonin 40-60 min 15-30 min
Ramelteon (Rozerem) 1-2 hr 45 min
Zaleplon (Sonata) 1.5 hr 1hr
Zolpidem (Ambien) 25hr 1.6 hr
Prazosin 25hr 1hr
Diphenhydramine (Benadryl) 2-4 hr 2hr
Eszopiclone (Lunesta) 6 hr 1hr
Chloral hydrate 8-10 hr 30 min
Doxylamine (Unisom) 10 hr 1.5-2.5hr
Trazodone 5-9 hr 1-2 hr
Suvorexant (Belsomra) 15 hr 2 hr
Lemborexant (Dayvigo) 18 hr 1-3 hr
Hydroxyzine 20 hr 2 hr
Doxepin (Silenor) 15-30 hr 35hr

depends on their levels in the CNS, not in the bloodstream. Some ben-
zodiazepines (the more lipophilic or “fat-loving” ones) get into the CNS
faster, like diazepam and the ones that are approved for sleep (estazolam,
flurazepam, quazepam, temazepam, and triazolam). That means they work
faster, but this rapid onset of action also makes them more likely to cause
amnesia and addiction. If you have to use a benzo in a patient with a his-
tory of addiction, consider one with a slower onset like lorazepam or—the
slowest of all—oxazepam.

Several benzodiazepines have “effective half-lives” that are longer than
their actual half-life. This is because they are converted into other active
benzos through hepatic enzymes, and these active metabolites extend the
original medications’ effective half-lives by several days. Chlordiazepoxide
and diazepam are metabolized into oxazepam and nordiazepam, and diaze-
pam is further dismantled into temazepam. This kind of metabolic buildup
can be dangerous in the elderly, who have trouble clearing out all these
metabolites. On the other hand, having active metabolites can be benefi-
cial in situations like alcohol detox treatment, because those metabolites
prevent breakthrough withdrawal symptoms between doses.
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VERDICT

Dosing schedules are more critical with fast-acting medications, but half-
life is only a rough guide to dosing frequency. Some drugs need more fre-
quent administration than their half-life suggests because they don’t spend
as much time in the CNS as they do in the bloodstream.

Short Half-Lives and Drug Discontinuation

One risk with short half-life drugs is that they cause withdrawal symptoms
as they quickly exit the body. This is a particular problem with benzodiaz-
epines and serotonergic antidepressants like SSRIs and SNRIs. The syn-
dromes themselves are quite awful, and raise fears of addiction that cause
some patients to avoid psychiatric medications altogether.

About half of patients experience withdrawal problems from SSRIs and
SNRIs, including dizziness, electric shock sensations, ear ringing, headache,
and fatigue, as well as mood and anxiety symptoms that can make it look
like they are relapsing back into depression.

The severity of serotonin withdrawal generally falls right in line with
the half-life, with one exception: paroxetine (Paxil). This SSRI ranks right
beside venlafaxine as having the most notorious withdrawal problems, but
its 20-hour half-life is 3—4 times longer than venlafaxine’s brief S hours.
The reason is that paroxetine slows down its own metabolism by inhibiting
the enzyme that metabolizes it (CYP2D6). When your patient stops par-
oxetine, this enzyme revs back up, effectively shortening the half-life and
hastening the withdrawal (Fava GA and Grandi S, ] Clin Psychopharmacol
1995;15(5):374-375).

There are two ways to manage withdrawal syndromes. You can either
taper the original drug slowly (eg, over several months), or switch to a
long half-life drug, such as fluoxetine for serotonin withdrawal syndrome
or diazepam for the benzodiazepines. You may still need to taper off the old
drug as you add in the long half-life version because the new medication
won't bind to the receptor in exactly the same way.

What about changing to a modified-release (MR) version to prevent
withdrawal? This might sound like a good idea, but it will only change the
rate of absorption, not of excretion, so MRs don’t actually lengthen the
half-life. However, if you factor in the delay between swallowing the pill and
excreting it, they do effectively slow down the final clearance of the drug
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(ie, the effective half-life), but the difference is usually not enough to ease
a withdrawal syndrome.

The Pros and Cons of a Long Half-Life

Long half-life drugs stay a while, which is a plus for patients who miss
occasional doses (ie, most patients). On the other hand, these extended
stays are a liability when drug interactions are involved, as when you have
to wait for S half-lives to pass to avoid drug interactions before starting an
MAOIL For fluoxetine, the wait is 6 weeks, vortioxetine is 2 weeks, and for
most other antidepressants it is 3-S5 days.

Fluoxetine’s lingering half-life can also cause a problem when it’s used in
bipolar disorder in the form of olanzapine/fluoxetine combination (OFC
or Symbyax). In bipolar depression, fluoxetine is supposed to be taken

along with olanzapine to counteract the SSRI's pro-manic effects. When

Half-Lives in Action: Modafinil vs Armodafinil
Modafinil (Provigil) and armodafinil (Nuvigil) are wakefulness-pro-

moting medications that are used off label in psychiatry for depres-
sion, fatigue, and ADHD. Like many medications, modafinil is
actually two chemicals that are mirror images of each other, called
enantiomers. They are armodafinil and S-modafinil, and Nuvigil is
pure armodafinil. These two enantiomers have similar potencies but
different half-lives, which is why there is no simple way to convert
from modafinil to armodafinil. Armodafinil’s half-life is 15 hours,
while S-modafinil’s is 4-5 hours. This means that when your patient
takes modafinil (a 50/50 mix of the two enantiomers), they will get
a bigger effect in the first half of the day, but that will wear oft as the
short-acting S-modafinil quickly tapers out. In contrast, armodafinil
(Nuvigil) delivers steadier levels throughout the day.

VERDICT

Most patients prefer the smoother, longer-lasting armodafinil
(Nuvigil), but those who need more help in the morning or have
insomnia on the drug should try modafinil (Provigil).
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TABLE 4-4. Short Half-Life Drugs

Class | Half-Life (hours) | Relevance

SSRIs Fluvoxamine (15), paroxetine | Higher risk of withdrawal
(15-21) syndrome

SNRIs Venlafaxine (5), milnacipran Higher risk of withdrawal
(Savella) (8), desvenlafaxine* | syndrome
(Pristig) (11), duloxetine* (12),
levomilnacipran* (Fetzima)
(12)

Other Nefazodone (2-4), amoxapine | Bupropion IR should be divided

antidepressants

(8), bupropion (14)

TID to avoid seizures; nefazodone
and amoxapine can be given BID
or QHS; amoxapine is the only
tricyclic with a short half-life

MAOIs Tranylcypromine (2), Most MAOIs are dosed BID, and
isocarboxazid (2-4), selegiline patch is dosed QD
phenelzine (12), selegiline
patch (EMSAM) (22), selegiline
oral (2-10)

Buspirone 2-3 Can be dosed BID or TID

Anticonvulsants

Gabapentin (6), pregabalin (6),
tiagabine (8), oxcarbazepine
(7-20), carbamazepine
(12-17), valproate (9-16)

Carbamazepine and valproate
should be dosed BID;
oxcarbazepine’s half-life is
prolonged from 1-5 to 7-20 hr by
its active metabolite, MHD

Antipsychotics

Loxapine (3), quetiapine (7),
ziprasidone (7), thioridazine
(8), perphenazine (10),
clozapine (12), fluphenazine
(15)

Short half-life antipsychotics can
be dosed once a day to improve
adherence

Tardive
dyskinesia

Deutetrabenazine (Austedo)

9

Deutetrabenazine needs to be
dosed BID to reduce the risk of
QTc prolongation; valbenazine
has a longer half-life and is dosed
QHS, unless drug interactions or
genetic factors cause its half-life
to shorten (see Chapter 20)

Sexual

Bremelanotide (Vyleesi)
(3), flibanserin (Addyi)
(6), sildenafil (Viagra) (4),
vardenafil (Levitra) (5)

The 18-hour half-life of tadalafil
(Cialis) is longer than the others,
allowing a needed window of
spontaneity

*These antidepressants can be dosed QD because they were originally released, and are only
available, as XR formulations
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TABLE 4-5. Long Half-Life Drugs

Class | Half-Life | Relevance
Antidepressants | Vortioxetine (3 days), Fluoxetine is the SSRI with
protriptyline (2-8 days), the lowest withdrawal risk;
fluoxetine (1-4 days; active protriptyline is the only tricyclic
metabolite 7-10 days) with a long half-life
Antipsychotics | Cariprazine (2-4 days; These antipsychotics are good
active metabolites up to choices for patients who miss
3 weeks), aripiprazole (3 doses

days), brexpiprazole (4
days), pimozide (4-5 days),
pimavanserin (2 days; active
metabolite 8 days)

Other Disulfiram (2-3 days), Disulfiram’s alcohol interactions
memantine (2-3 days), persist for up to 2 weeks after it is
donepezil (3 days), stopped

levothyroxine (6-7 days)

OFC is stopped, the olanzapine leaves quickly over 5 days, but fluoxetine
lingers for over a month. A safer approach is to stop fluoxetine first and then
taper off the olanzapine.

Most psychotropics have half-lives in the medium range, around 24
hours. It’s the ones with short and long half-lives that you need to know,
and we've listed them in tables 4-4 and 4-5 with practical tips on how their
half-lives inform their use.

How Lithium Reaches Steady State in 5 Half-Lives

Have you ever wondered what “steady state” actually means, why it takes S
half-lives to achieve it, and what makes it the right time to get an accurate
blood level? The answer is not as simple as you might think. A common
misconception about steady state is that it means the serum drug levels are
the same throughout the day. Not true. Steady state means your body is
eliminating the drug at the same overall rate as you are ingesting it.

To understand how this works, let’s look at the example of starting a
patient on lithium, a drug that requires periodic monitoring to ensure an
adequate dose and prevent toxicity. The half-life of lithium is about 24
hours. Let’s assume we start our patient on 600 mg QD on day 1 (see “Day
1 Max” in the chart below). 24 hours later, just before his second dose
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on day 2, the amount left in his body is 300 mg (“Day 2 Min”), because
24 hours (one half-life) have passed; therefore, the patient has excreted
half of the initial amount. He then swallows another 600 mg for his day 2
dose, resulting in a day 2 max of 300 mg + 600 mg = 900 mg. On day 3, he
starts the day with half of 900 mg, or 450 mg, and after his 600 mg dose he
has 1050 mg. And so on. As you can see, with each passing day, the blood
levels—both peak and trough—become more and more predictable. They
still fluctuate by 600 mg a day, but the peak and trough are relatively stable.

And this explains why we wait S half-lives before drawing a blood level.
At day 2, the trough blood level would be 300, and at day 3, it would be 450.
There’s a big difference between 300 mg and 450 mg, which shows why
drawing blood levels too early yields unreliable results. However, a blood
level draw at day S (562) is not much different from day 7 (590), which in
turn will not be much different from the result on day 300, as long as the
dose stays at 600 mg. Eventually, a limit is reached, with the peak hovering
around 1200 and the trough around 600.

FIGURE 4-2. How Lithium Rises When Dosed 600 mg QHS

VERDICT

It takes S half-lives to achieve steady state, and that’s how long you need to
wait before checking a serum level on drugs like lithium, valproate, or car-
bamazepine. If you check any earlier, your trough level will underestimate
the actual level that the patient will achieve after steady state.

Do Drugs With Long Half-Lives
Take Longer to Work?

There’s a strange myth floating around that drugs with long half-lives take
longer to work than drugs with short half-lives. Apparently, this comes from
misinterpreting the meaning of steady state. It’s true that long half-life meds
take longer to get to steady state. For example, fluoxetine, in concert with
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its norfluoxetine metabolite, has a half-life of about 2 weeks and takes 2 Y2
months to reach steady state. Nonetheless, fluoxetine works just as quickly
as short half-life antidepressants (Gelenberg AJ and Chesen CL, J Clin Psy-
chiatry 2000;61 (10):712-721). Evidently, serotonin receptors aren't waiting
around for fluoxetine to reach steady state. Still, it can take time for the rising
level to reach an effective dosage (eg, OCD often requires higher doses of
SSRIs). While the slow rise in serum levels doesn’t lower the efficacy, it may
cause some side effects to build up as the levels rise over weeks or months,
sometimes requiring a dose adjustment to improve tolerability.

Linear vs Nonlinear Pharmacokinetics

Drugs with linear pharmacokinetics rise predictably along a straight line
(this is sometimes called “first-order pharmacokinetics”). When you dou-
ble the dose, the serum level doubles. Most psychiatric medications operate
this way, but there are a few that follow the unwieldy rules of nonlinear
pharmacokinetics, rising faster or slower than expected.

Three SSRIs rise faster than expected: fluoxetine, fluvoxamine, and par-
oxetine. These three inhibit their own metabolism after a few days, effec-
tively slowing their excretion and stretching their half-lives. The other three
nonlinear meds rise slower than expected, and they are all anticonvulsants:
carbamazepine, valproate, and gabapentin.

Each of these anticonvulsants has a different reason for its slow rise.
Carbamazepine induces its own metabolism, hastening its excretion and
shortening its half-life. This effect revs up gradually over 2—4 weeks, which
is why carbamazepine levels need to be rechecked 1-2 months after starting
it. Valproate has trouble getting into the serum because it binds to proteins
that render it therapeutically inactive. This is particularly true at the lower
levels (eg, < S0 mcg/mL), so you can expect dose changes to make a more
dramatic difference when the patient’s valproate level is in the higher range.
Gabapentin’s pattern is the opposite. It rises quickly at first and then slows
down. Gabapentin saturates the transporters that absorb it in the small
intestine, causing its levels to rise at a snail’s pace when the dose goes above
the saturation point (around 900 mg/day). From there, its absorption
trickles down. At 900 mg/day, 60% is absorbed; at 1200 mg/day, it drops
to 50%; and at 3000 mg/day, only 30% of the gabapentin you've prescribed
is actually getting into the patient’s system.
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VERDICT

Carbamazepine’s levels will drop after 1-2 months. For valproate, small
dose changes can have big effects once the level is beyond 50 mcg/mL.
High doses of gabapentin are not as big as they seem once you get beyond
900 mg/day.

Potency vs Effectiveness

The term “potency” often confuses patients, and occasionally clinicians as
well. In general, potency refers to a drug’s power per unit, or the amount
of pharmacological activity per milligram. This issue sometimes comes up
when we switch from one medication to another. For example, switching
from 20 mg of fluoxetine to 150 mg of venlafaxine XR sometimes causes
patients to wonder if we are trying to overdose them. Conversely (and
probably more relevant to patient safety), when we switch from, say, 100
mg of sertraline to 20 mg of citalopram, some patients may think that they
are being underdosed and may then increase their doses between visits if
they do not see a rapid improvement.

VERDICT

Clarify the difference between potency and dose for patients before switch-
ing medications. For benzodiazepines, the relative potencies are listed in
Table 4-2 on page 24 and can be used to guide the transition from one
benzo to another.

Now that you understand how to shift the manual gears of pharmacoki-
netics, we'll look at something closer to an automatic transmission: the
modified release.



CHAPTER 5

Modified-Release Medications:
XR, R, ER, and Beyond

ONCE-A-DAY DOSING IS HARD ENOUGH, and twice a day is a little
worse, but adherence takes a sharp decline when the dosing schedule jumps
to three or four times a day. Modified-release formulations were developed
in the 1960s to solve this problem, and they’ve become increasingly sophis-
ticated in the decades since.

Modified-release medications go by many names—controlled, extended,
prolonged, delayed, slow, and sustained—but there are really only two
categories: sustained release and delayed release. As their names imply,
sustained-release pills smooth out the serum levels by releasing the medi-
cation at a steady rate. Delayed-release pills don’t get absorbed until they’ve
traveled to a specific site in the gut, hence “delaying” their release. To avoid
confusion, we’ll use the term modified release (MR) throughout this book
to refer to all these formulations and distinguish them from their immedi-
ate-release (IR) forbearers.

IR medications dissolve rapidly in the GI tract and are absorbed within
an hour or two. Their serum concentrations spike quickly and then fall
back down, leading to low trough levels before the next dose. Those ups
and downs in serum levels can cause side effects or efficacy problems. For
example, bupropion can increase the risk of seizures if the serum level peaks
too high, IR stimulants can lose efficacy in the afternoon, and the rise and
fall of haloperidol levels increases the likelihood of dystonic reactions.

How MR Medications Work

Modified-release mechanisms come in many variations, and these mech-
anisms have gotten more complex and sophisticated since the first one—
Dexedrine Spansules—was released in 1952. We don’t need to know the

33
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gory details of their underlying physics, but it’s useful to at least get an
overview and learn a few common examples in depth.

There are generally three release mechanisms. In dissolution control, the
medication is released as the outer coating dissolves (Dexedrine Spansules,
Seroquel XR, Mydayis, and Adhansia). In diffusion control, the medicine
slowly diffuses out of a semipermeable membrane (Effexor XR capsules,
Wellbutrin XL, and Focalin XR). And in osmotic-release pills, the medicine
is pushed out by a tiny pump that’s powered by the osmotic flow of water
across a semipermeable membrane (Concerta, Invega, and Effexor XR
tablets). Often, a formulation will combine several of these technologies.

Pros and Cons of Modified-Release Medications

With their convenient dosing and lower rates of side effects, the pros usu-
ally outweigh the cons for MRs. But there are situations where the instant
release is preferred, such as in the first 6 months after bariatric surgery when
the truncated GI tract is unable to fully absorb an MR medication.

TABLE 5-1. Modified-Release Medications: Pros and Cons

Pros | Cons

Less frequent dosing Less flexible dosing

Smoother plasma levels Inconsistent absorption, particularly
after bariatric surgery

Fewer adverse effects Prolongation of adverse effects

Lower abuse potential Higher risk of accidental overdose
with MR opioids and benzos

Some are available as easy-to-swallow Most come as large pills that are

liquids or chews (Quillivant XR liquid and difficult to swallow

QuilliChew ER) or capsules that can be
opened and sprinkled

Higher cost

Dosing Convenience

MR mechanisms offer convenient dosing, but some patients prefer the
flexibility of immediate release. That’s particularly true with stimulants
and benzos. Most of us have patients with ADHD who, for example, prefer
methylphenidate IR over MR versions such as Concerta. The IR stimulant
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allows them to take more or fewer pills depending on the concentration
demands of the day.

Splitting and Crushing

Most MR medications can’t be split or crushed without disrupting the
integrity of the time-release mechanism. This makes it more difficult to
titrate or taper doses of these drugs in small increments. However, a few
MR medications come as capsules that can be opened and partially sprin-
kled out because each bead inside the capsule has its own time-release
mechanism. Some medications are on both lists because you can sprinkle
them but you can’t crush them.

TABLE 5-2. MR Medications That Can Be Opened or Sprinkled

Adderall XR, Mydayis, Dexedrine Spansules

Carbamazepine XR (Equetro, Carbatrol, Tegretol XR)

Depakote sprinkles
Dexmethylphenidate XR (Focalin XR)

Duloxetine sprinkles

Namenda XR, Namzaric
Ritalin LA, Aptensio XR, Jornay PM, Metadate CD, Adhansia XR

Topiramate (all forms including IR)

Venlafaxine XR
Viloxazine ER (Qelbree)

Vyvanse

TABLE 5-3. The Do Not Crush List
Abilify MyCite kit
Adderall XR, Adzenys XR-ODT, Mydayis
Alprazolam XR
Ambien CR, Edluar
Amphetamine ODT (Evekeo ODT)
Bupropion (all forms: IR, XL, SR, Aplenzin, Zyban)

Carbamazepine XR (Equetro, Carbatrol, Tegretol XR)

Clonidine ER (Kapvay)

Concerta, Cotempla XR-ODT, Adhansia XR, Aptensio XR, Jornay PM,
Metadate CD, Metadate ER, Methylin ER, Ritalin LA

(table continues)
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TABLE 5-3. The Do Not Crush List (continued)

Depakene, Depakote, Depakote ER

Desvenlafaxine (Pristiq, Khedezla)

Deutetrabenazine (Austedo)

Dexmethylphenidate XR (Focalin XR)

Donepezil (Aricept) 23 mg

Duloxetine

Fluoxetine weekly (Prozac Weekly)

Fluvoxamine ER

Gabapentin (Neurontin, Gralise, Horizant)

Galantamine ER (Razadyne ER)

Guanfacine ER (Intuniv)

Lamotrigine XR
Lithium ER (Lithobid) and CR (Eskalith)

Memantine XR (Namenda XR), memantine/donepezil combo
(Namzaric)

Metformin XR (Glucophage XR)
Oxcarbazepine XR (Oxtellar XR)

Paliperidone (Invega)

Paroxetine IR, CR, and mesylate forms (Paxil, Pexeva)
Pregabalin CR (Lyrica CR)
Quetiapine XR

Strattera (contents can irritate the eyes)

Topiramate (bad taste if crushed)

Venlafaxine XR
Viloxazine ER (Qelbree)

MR Medications and Side Effects

Some side eftects improve with MR mechanisms, particularly those that
result from high serum levels (fatigue, dry mouth, and dizziness) or direct
irritation of the GI tract (nausea). On the other hand, MRs can cause side
effects to last too long. Insomnia on stimulants and morning-after effects
with MR hypnotics are two examples. This is why the FDA has a stronger
warning about driving in the morning after taking zolpidem CR than they
do for zolpidem IR.
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MR Medications and Substance Use Disorders

Modified-release mechanisms might reduce the abuse potential of con-
trolled substances because they dampen the reinforcing peaks in the serum
level (known as the Cmax). This is true in theory and is supported by a
study where subjects with a history of sedative abuse were given blinded
samples of alprazolam XR, alprazolam IR, and placebo. When asked if they
would be willing to pay cash to have another dose, they answered “yes” for
the IR but “no” for the XR and placebo (Mumford GK et al, Clin Pharmacol
Ther 1995;57(3):356-365).

Patients who are committed to getting high can still overcome the MR
obstacle by crushing the pill and snorting or injecting the contents. A possi-
ble exception is Vyvanse, which does not become pharmacologically active
until it is cleaved in the bloodstream.

On the other hand, MR formulations increase the risk of an accidental
overdose by prolonging the effects of the drug. This is well documented
with opioids, where MR formulations double the risk of accidental over-
dose (Chua KP et al, JAMA Pediatr 2020;174(2):141-148).

Ghost Pills

The sight of an undigested capsule in their stool is an unpleasant
surprise for many patients. However, this “ghost pill” is normal and
expected with modified-release capsules that use an osmotic delivery
system. The medication is absorbed, but the capsule is excreted intact.
A little advance warning helps, so consider informing your patients
about the possibility of ghost pills from the following medications:
Concerta, carbamazepine XR (Tegretol XR), paliperidone (Invega),
and venlafaxine XR tablets (Effexor).

Aless alarming phenomenon occurs with diffusion-controlled release
mechanisms. Here, parts of the pill may pass into the stool. This can
occur with bupropion XL (Wellbutrin XL or Aplenzin), desvenla-
faxine tablets (Pristiq), Focalin XR capsules, Ritalin SR tablets, and
venlafaxine XR capsules (Effexor).
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Specific Modified-Release Medications

Antidepressants

Patients with depression have a hard enough time getting out of bed and
brushing their teeth. Expecting them to take a medication multiple times
a day is not a recipe for success. MR formulations are helpful here, partic-
ularly with the otherwise thrice-daily bupropion and venlafaxine. Three
other antidepressants are only available as MRs: desvenlafaxine (Pristiq),
duloxetine (Cymbalta), and levomilnacipran (Fetzima). With their 12-hour
half-lives, these three would normally be dosed twice a day, but their man-
ufacturers spared our patients that tedium by releasing them exclusively in
MR forms.

Bupropion

There are four formulations of bupropion on the market (Table 5-4). All
four versions contain the same molecule, of course (bupropion), and there
is no difference in antidepressant efficacy among them. As you might
expect, the IR version releases all of its medication quickly (its Tmax is
quite short at 1.5 hours) followed by progressively more delayed release in
the SR and XR. Figure 5-1 on page 40 compares the concentration-time
curves of three of the versions (IR, SR, and XL). Wellbutrin IR has a
sawtooth pattern, with three Grand Teton-type peaks corresponding to
TID dosing; SR has two gentler peaks; and XL has only one broad Appa-
lachian-appearing peak.

Bupropion and Seizure Risk
Do any of the modified-release formulations decrease seizure risk? Possibly,
since seizure risk is related to the peak level, and these formulations smooth
over those peaks and reduce the risk that patients will take their doses too
close together. But the greater player in the seizure risk is the total daily dose.
When bupropion was first released in 1985, it was available in the IR
versions only, and the suggested daily maximum dose was 600 mg. The
rate of seizures with those liberal dosing limits was an alarming 3%, and
the drug was withdrawn from the market in 1986. It returned in 1989 with
a more cautious maximum dose of 450 mg. Bupropion’s seizure risk fell to
0.4% at 450 mg/day and 0.1% at 300 mg/day—and now it’s actually one of
the antidepressants least likely to cause seizures. In fact, a 2018 meta-anal-
ysis ranked it near the bottom for its epileptogenic effects. In that analysis,
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clomipramine had the highest risk, followed by amitriptyline, venlafaxine,
citalopram, sertraline, trazodone, mirtazapine, paroxetine, bupropion,
escitalopram, fluoxetine, and duloxetine (Steinert T and Fréscher W, Phar-
macopsychiatry 2018;51(4):121-135).

TABLE 5-4. Bupropion Formulations

Dosages Max Allowed

How to Dose | Tmax at 300

Available in a Single
300 Dail Dail
) Dose mg Daily mg Daily
Bupropion IR 75,100 150 mg 100 mg TID 1.5 hours
Bupropion SR 100, 150,200 | 200 mg 150 mg BID 2.5 hours
Bupropion ER/XL 150, 300,450 | 450 mg 300 mg QAM | 5 hours
(eg, Forfivo)
Bupropion 174,348,522 | 522 mg 348 mg QAM | 5 hours
hydrobromide ER
(Aplenzin)

Let’s go through each of the formulations of bupropion and discuss the
pros and cons of choosing it for a particular patient:

Bupropion IR: The rationale for starting patients on IR is that you
want to see whether they will have any side effects at the lowest exposure
possible. Then, when it’s clear they tolerate it, you will switch to one of the
time-release formulations. We often use this strategy when patients are at
risk for significant side effects on bupropion, particularly anxiety, insomnia,
and mania. A common sequence would be to start with 75 mg QAM for a
few days, then increase to 75 or 100 mg BID, and if they tolerate this you
might switch to an MR form, such as SR or XL. Another advantage of the
IR medication is that you can cut it in half without disturbing its formula-
tion—good for those patients who are ultra-sensitive to side effects.

Bupropion hydrochloride SR (Wellbutrin SR, Zyban): This early MR
formulation reduced bupropion’s dosing from TID to BID, but it has largely
been supplanted by the once-a-day XL. However, there are a couple rea-
sons to consider the SR. First, the SR is the only version with official FDA
approval for smoking cessation, in the form of Zyban, which is identical to
generic bupropion SR (target dose 150 mg SR BID). However, bupropion
XL also has empirical support for smoking cessation even if it lacks FDA
approval (Gray KM et al, Nicotine Tob Res 2012;14(2):234-239).
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FIGURE 5-1. Steady-State Plasma Level Concentrations for
Wellbutrin 300 mg/day for IR, SR, and XL Formulations
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The other use for the SR is when you are treating depression and you
want some sustained blood levels, but you're concerned about insomnia so
you don’t want to use the XL. In this case you might just prescribe 150-200
mg of the SR in the morning and leave it at that. If you need a higher dose,
you can give 150 mg BID with instructions to not take the second dose too
late in the day.

Bupropion hydrochloride XL (Wellbutrin XL, Forfivo): Bupropion
XL is the favorite of many psychiatrists and their patients because you can
safely give the entire effective dose once a day in the morning. Yes, you can
go all the way up to 450 mg in a single dose, and the cleverly named Forfivo
brand allows you to give 450 mg in a single pill (get it? 4-5-O).

Bupropion hydrobromide XL (Aplenzin): This formulation has sim-
ilar pharmacokinetics to the previous XL and the same once-a-day dosing,
but a different binding agent: hydrobromide instead of hydrochloride. The
hydrobromide reduces bupropion’s absorption, which is why Aplenzin is
packaged in higher doses, each of which is equivalent to small, medium,
and large bupropion (174 mg Aplenzin = 150 mg bupropion, 348 mg = 300
mg, and 522 mg = 450 mg). There is no advantage to prescribing Aplen-
zin, and in fact there is a debatable disadvantage because the bromide that
it is packaged with has been linked to various side effects, such as sexual
dysfunction and thyroid disorders (Shader R, J Clin Psychopharmacol
2009;29(4):317-318).

VERDICT

Bupropion is probably safer and better tolerated in its modified-release
forms. The immediate release comes in a lower dose (75 mg) that’s useful
for slow titrations in sensitive patients, such as those with anxiety or bipo-
lar disorder, or the very young or very old. Most of the time, bupropion
hydrochloride XL is the preferred form.

Venlafaxine XR

Venlafaxine was one of the first MR drugs to capture the imagination
of psychiatrists and represents a good success story for MR versions of
drugs. Some of you may recall that when Effexor was first introduced in
1995, it was nicknamed “side effexor” because of a harsh combination of
nausea, daytime sedation, and nighttime insomnia. In 1997, Effexor XR
was introduced, and it was tolerated so much better that it became one
of the most widely prescribed antidepressants (Entsuah R and Chitra R,
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Psychopharmacol Bull 1997;33(4):671-676). The XR version also simpli-
fied the regimen from TID to QD.

The XR capsule is packed with coated spheroids that slowly release their
contents as they diffuse through the membrane. A second MR—venlafax-
ine ER—was released in 2008 with a different mechanism, delivering the
drug through an osmotic tablet. The XR and ER formulations have similar
pharmacokinetics, but the ER tablets are more expensive.

VERDICT
Venlafaxine XR is a significant improvement over the IR form and less
expensive than venlafaxine ER.

Paroxetine

Paroxetine CR has a geomatrix coating that allows the tablet to pass
through the stomach unaltered. This means that most of it is absorbed in
the small intestine where there are fewer serotonin SHT-3 receptors, theo-
retically causing less serotonergic nausea. The early clinical trials comparing
paroxetine IR with CR found that fewer patients reported nausea during
the first week on CR (14%) than IR (23%). However, by week 2, there were
no significant differences in nausea rates between the formulations (Golden
RN et al, ] Clin Psychiatry 2002;63(7):577-584).

VERDICT

Paroxetine CR has only mild advantages over the IR form.

Fluoxetine Weekly

Fluoxetine weekly is a delayed-release version of the antidepressant that
never really got off the ground. For one thing; it is only available in a single
dose: 90 mg/week. That’s supposed to be equivalent to 20 mg/day, but
there are enough pharmacokinetic variations in this weekly tablet to doubt
that. At steady state, the weekly version only achieves half the average con-
centration of the daily pill. The troughs are 76% lower and the peaks 170%
higher. And then there’s the matter of remembering to take a dose on the
same day every week. We could go on, but that’s probably enough said.

VERDICT
Weekly fluoxetine is a risky venture.

Anticonvulsants and Mood Stabilizers
Instant-release anticonvulsants pose a clear and present danger in epilepsy,
where a drop in serum levels can cause breakthrough seizures. That’s why
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most anticonvulsants are available in modified-release form. Things are
different in bipolar disorder, where the mood-stabilizing effects of anticon-
vulsants build slowly and are less vulnerable to serum level fluctuations.
MR formulations are not necessary to prevent mood episodes, but they
can reduce some side effects by smoothing out the peaks and troughs. In
particular, nausea, dizziness, double vision, and tremor improve when those
peaks are smoothed out.

Lithium

Most patients prefer MR lithium over IR, and for good reason. The MR
cuts the rate of many side effects in half, including nausea, tremor, and
possibly cognitive dulling and urinary frequency. One side effect is lower
with the IR, though: diarrhea.

There are two MR versions of lithium: lithium ER (Lithobid) and lith-
ium CR (Eskalith). These two have slightly different pharmacokinetics—
lithium CR releases slower and has a smoother peak than lithium ER. Some
patients appreciate the CR’s higher dose (450 mg instead of the ER’s 300
mg), as it means they have fewer pills to take.

Both MR versions release lithium more gradually than the IR, a fact
appreciated by the stomach (less nausea) and the kidneys. Renal toxicity
on lithium is linked to serum levels, and there is some evidence that kidney
damage can be avoided by keeping the level below 0.9 mmol/mL. In theory,
the MR formulations reduce that risk by smoothing over those peaks.

Another way to reduce lithium’s renal risks is to give the entire dose at
night. That strategy worked better than twice-a-day dosing in a few con-
trolled studies, and it makes sense with lithium’s half-life of 18—-24 hours
(Girardi P et al, Drugs R D 2016;16(4):293-302). But wait. Didn’t we just
say that the kidneys do better when lithium’s levels are spread out with an
MR formulation? The kidneys are finicky organs. They like their lithium
levels low, and they also like to get a break from lithium for part of each day.
Evening dosing with an MR formulation satisfies both ends.

VERDICT
MR lithium is more tolerable than IR, unless diarrhea is the problem. To
protect the kidneys, give lithium all at night and avoid toxic levels.

Valproic Acid
This anticonvulsant has a confusing array of names, but there are really only
three versions:
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1. Valproic acid or valproate (Depakene). The basic, irreducible molecule
is valproic acid, also known as valproate, and the brand name of this is
“Depakene,” not Depakote.

2. Sodium divalproex (Depakote DR). Sodium divalproex is formed by
adding sodium hydroxide to two valproic acid molecules, yielding a mol-
ecule that is double the size of valproic acid but that gets cleaved apart
in the GI tract, releasing the original single valproic acid. The “kote” in
Depakote refers to the fact that it comes in an enteric-coated (“koted”)
tablet. Depakote tends to cause fewer GI side effects than Depakene, is
absorbed more slowly, and has a somewhat longer half-life (12 hours vs
8 hours). Because of the delayed absorption, Depakote is often referred
to as “Depakote DR,” mostly to distinguish it from its more modern
cousin, “Depakote ER”

Sodium divalproex also comes as a capsule that can be opened up and
sprinkled on food, but those “sprinkles” only come as 125 mg, which
means your patient would have to open up 10-20 capsules a day to
achieve the typical dose.

3. Sodium divalproex extended release (Depakote ER). This is an extend-
ed-release version of Depakote DR and is FDA approved for once-daily
dosing. In comparative studies, Depakote ER was better tolerated than
standard Depakote DR with half as many GI side effects and lower
rates of both tremor and weight gain (Smith MC et al, Epilepsy Behav
2004;5(5):746-751).

By the way, when you switch a patient to Depakote ER, you have to
increase the dose. Why? Because Depakote ER does not fully dissolve until
it reaches the colon, and since the colon is not as specialized for absorbing
molecules as the small intestine, some of the drug is excreted unchanged.
In practice, this means that in order to make up for the unabsorbed portion,
you have to dose the medication 10%-20% higher than the dose a patient
would receive with Depakote IR or DR.

You'll also need to finesse the timing when checking serum levels on
Depakote ER. Serum levels are checked at the trough, or lowest level of the
drug. With Depakote ER, that is 21-24 hours after the last dose, but with
other versions the trough is about 12 hours. So if your patient takes their
dose in the evening, they’d need to get their level drawn just before the labs
close at 5 pm the next day. However, if they do get it drawn in the morning,
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you can estimate the true trough level by multiplying the morning level by
0.75 (Damegunta SR, Indian ] Psychol Med 2014;36(3):349-350).

TABLE 5-5. Three Versions of Valproic Acid

Generic Name | Brands and Synonyms | U.S. Release | Dosing
Valproic acid Valproate, Depakene 1978 BID-TID
Sodium Divalproex EC, 1983 BID
divalproex Depakote DR, Depakote

Sprinkles
Divalproex ER Depakote SA 2002 QD
VERDICT

Depakote ER is preferred for its simpler dosing and more favorable side
effect profile. There is little reason to go old-school with valproic acid.

Carbamazepine

There are three versions of carbamazepine:

1. Carbamazepine IR (Tegretol) is the basic molecule. It has a short half-
life (10-20 hours) and is typically dosed twice a day in psychiatry. In
epilepsy, where irregular serum levels are much more risky, it is dosed
three or four times a day.

2. Carbamazepine ER (Carbatrol, Equetro) is a capsule filled with a com-
bination of immediate- and extended-release beads. Equetro is FDA
approved in bipolar disorder, but as of this writing, it’s also the only
version of carbamazepine that is not available as a generic. Carbatrol
(approved for epilepsy) is identical to Equetro, however, and can be
prescribed as a generic (as carbamazepine ER).

3. Carbamazepine XR (Tegretol XR) is an OROS tablet that uses an
osmotic pump similar to Concerta. Its pharmacokinetics are similar to
those of the beaded carbamazepine ER, but the XR has slightly more
variability between the peaks and troughs (20% vs 12%).

Both MR versions are better tolerated than IR carbamazepine, with
lower rates of dizziness, double vision, fatigue, and imbalance (Powell
G et al, Cochrane Database Syst Rev 2010;(1):CD007124). Low doses of
carbamazepine MR can be given all at night (eg, below 800 mg). Beyond
that, tolerability usually improves with BID dosing, but most patients
prefer a smaller dose in the morning and a larger portion in the evening to
minimize sedation.
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VERDICT

Start most patients on carbamazepine ER. It’s a generic equivalent to the
version that’s FDA approved in bipolar, is better tolerated than the IR, and
has slightly better pharmacokinetics than the XR.

Lamotrigine
Lamotrigine is available in several formulations: XR, orally disintegrating
tablets (ODT), and chewable tablets. All are available as generics.

The XR version was designed to improve adherence in epilepsy, where
lamotrigine is usually dosed twice a day. However, lamotrigine’s half-life
is a solid 24 hours, so that kind of conservative dosing is only necessary
in epilepsy, where a minor slip in serum levels could spell disaster. The
XR formulation does improve on a few side effects, specifically dizziness,
imbalance, and nausea, which is the main reason to consider it in psychia-
try (Ramey P et al, Epilepsy Res 2014;108(9):1637-1641). On the other
hand, its extended duration may be an impediment to patients who have
insomnia or vivid dreams on the drug.

For those who have difficulty swallowing, the cherry- or peppermint-fla-
vored ODT version is a good choice. Psychiatric patients preferred lam-
otrigine ODT for its ease of swallowing in a comparative study from the
aptly titled Journal of Patient Preference and Adherence (Sajatovic M et al,
Patient Prefer Adherence 2013;7:411-417).

Lamotrigine chewable tablets (which can also be dissolved in water) are
not generally used in psychiatry. They are useful for young children with
epilepsy and only come in small doses (5 and 25 mg).

VERDICT

Lamotrigine XR is preferred for patients with dizziness, imbalance, or
nausea on the drug, and the ODT version will be favored by patients who
don’t like the bitter taste of the pill.

Antipsychotics

Quetiapine (Seroquel) and paliperidone (Invega) are the only antipsy-
chotics that are available as MRs. Paliperidone was originally released
as an MR, and no IR versions are available. That might seem like an odd
choice, given that the IR version already has a 23-hour half-life, but the MR
formulation improved paliperidone’s tolerability, allowing patients to start
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the antipsychotic at a clinically effective dose without the need for titration
(Chue PS et al, Expert Rev Neurother 2012;12(12):1399-1410).

Quetiapine

First introduced in 2007, quetiapine XR allows once-daily dosing for this
antipsychotic that was traditionally dosed twice a day. This is particularly
useful in schizophrenia, mania, and mixed states, where doses beyond 300
mg per day are usually needed. Those higher doses can cause hypotension
and falls as the serum level peaks, and the XR reduces that risk by smooth-
ing out the serum levels.

On the other hand, the XR formulation can linger too long, causing
daytime sedation. This problem is partially overcome by dosing it 4-5
hours before bed, which is about how long it takes for the level, and hence
the sedation, to peak (by contrast, the IR version peaks in about 2 hours).
Taking the XR earlier in the evening makes it less likely to cause fatigue the
next morning. However, keep in mind that the dose needs to be spaced out
an hour away from a meal because food causes the XR mechanism to break
down, releasing the entire dose at once.

VERDICT

At doses below 400 mg, use IR quetiapine and dose it all at night. Use
the XR version if higher doses are required or the patient is prone to
orthostasis.

Stimulants

For an extended-release enthusiast, the world of psychostimulants is Jeru-
salem and Mecca combined. It’s where extended-release formulations all
began, and from where dozens have been devised and marketed over the
years. Due to this embarrassment of riches, this section will be fairly long—
but we hope that it will give you the tools you need to sort through all the
stimulant options as you decide on which to offer your patients.

There are two basic types of stimulants: methylphenidate (Ritalin and its
knockoffs) and amphetamine (Adderall, Dexedrine, Vyvanse, & company).
Within each of these broad categories are subcategories with different
mixtures of the drug’s isomers. To understand these variations, you have
to understand something about isomers.

Isomers are mirror-image molecules of one another, and each stimulant
comes in two isomer forms. Although they look alike, they don’t work the
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same way in the brain, just as right-handed scissors don’t work well for
left-handed people.

The methylphenidate isomers are dex- and levo-methylphenidate.
Methylphenidate products are either a 1:1 mix of these two (eg, Ritalin,
Concerta, and others labeled “methylphenidate”), or 100% pure dexmeth-
ylphenidate (eg, Focalin). There are no pure levo- products because this
isomer has little CNS activity.

The main amphetamine isomers are dextro- and levo-amphetamine. Of
the two, dextroamphetamine is more potent, with a higher abuse potential
and greater appetite suppressant effects. Levoamphetamine is longer lasting
and causes more cardiac side effects. Amphetamines are available as a 3:1
dextro:levo mixture (mixed amphetamine salts, eg, Adderall), as a 1:1 mix
(Evekeo), and as pure dextroamphetamine (Dexedrine and, in prodrug
form, Vyvanse).

Next we’ll look at how these basic products are wrapped in various
drug-delivery packages.

The Methylphenidates

With an onset of 15-30 minutes and a duration of 3-5 hours, methylphe-
nidate IR is quick to act and quick to fade away. A series of formulations
have appeared to extend its effects, beginning with wax-coated tablets in
1987 (eg, Ritalin SR and Metadate ER). These were supposed to release
equal doses of methylphenidate 4 hours apart, but they often got the timing
wrong by an hour or two, so they’ve fallen out of use. The one advantage
of wax tablets is their low cost, but wax capsules (eg, Metadate CD) work
better for a similar price.

The next generation of methylphenidate MRs started hitting the market
in 2000. Most of these are mixtures of immediate- and extended-release
beads that cause two biphasic peaks in their serum levels. Concerta stands
out for its single, monophasic peak, made possible by an osmotic delivery
that gradually releases the drug. Concerta is favored for its long, 12-hour
duration and generic price point, but its slow speed of onset can be a
drawback. It takes 1-2 hours for Concerta to start working, which can be a
problem for patients trying to get to school or work on time.

That problem could be fixed with a small dose of methylphenidate IR in
the morning, but several brands have also stepped in with their own solu-
tions. First came Ritalin LA, which is packed with 50% immediate-release



CHAPTER 5: Modified-Release Medications: XR, CR, ER, and Beyond 49

TABLE 5-6. Methylphenidate Formulations

Brand | Mechanism | Duration (hr) | Release Date

Ritalin, Methylin chew | IR 3-5 1955
tabs, liquid

Ritalin SR, Methylin ER, | Wax coating 4-8 1987
Metadate ER

Ritalin LA Mixed beads 6-9 2000
Metadate CD Mixed beads 8-10 2001
Aptensio XR* Mixed beads 12 2015
Adhansia XR* Mixed beads 16 2019
Concerta Osmotic extended 12 2000

release (ER)

QuilliChew ER* lon exchange resin 8 2015
Quillivant XR liquid* Liquid XR 12 2012
Cotempla XR-ODT* lon exchange resin 12 2017
Daytrana patch* Transdermal patch 12 2006
Jornay PM* Delayed release 8-11 2018

*Available as brand only

and 50% XR beads for patients who need more effect in the first 4 hours
after taking it. However, Ritalin LA peters out 3—6 hours before Concerta
does. Another beaded system, Aptensio XR, attempts to balance both ends
with XR beads that last longer than Ritalin LA’s. The result is an onset that’s
2-3 times faster than Concerta’s and a 12-hour duration that’s nearly iden-
tical. Those specs might make Aptensio XR the preferred choice for many
patients if cost was not an issue.

A novel solution to the morning problem is to take the stimulant at night
and have it turn on in the morning through a long delayed-release mech-
anism. Jornay PM, which takes effect 8—10 hours after ingestion, was the
first to try this approach, and others are under development.

The remaining methylphenidate MRs stand out more for their ease of
swallowing than their duration of action. Those include liquid (Quillivant),
chewable (QuilliChew), and orally disintegrating (Cotempla XR-ODT).
All are clinically sound but financially costly. Another alternative is the
Daytrana patch, but it has significant drawbacks. The patch was developed
to allow easy on-off effects, but it is slow to start (1-2 hours) and lingers
for 2-3 hours, or even up to S hours in some patients, after its removal. It is
prone to falling off, and can lead to mild overdoses with excess heat. It can
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also cause leukoderma, or permanent loss of skin pigmentation around the
application site. The amphetamine varieties have yet to appear as a patch,
but one is under development from Noven Pharmaceuticals.

Dexmethylphenidate

The dexmethylphenidate stimulants once went by the brand name Focalin,
but both are generic now. Although they isolate the more potent dex- iso-
mer, there is little evidence that they are any better than methylphenidate
as long as the doses are comparable. Methylphenidate 20 mg = dexmeth-
ylphenidate 10 mg; the dose is cut in half to adjust for the dex- isomer’s
higher potency. Dexmethylphenidate is rumored to cause less insomnia
and appetite suppression than methylphenidate, but head-to-head studies
to prove that claim are lacking.

TABLE 5-7. Dexmethylphenidate Formulations

Brand | Mechanism | Duration (hr) | Release Date

Dexmethylphenidate (Focalin) IR 3-5 2001
Dexmethylphenidate XR (Focalin XR) | Mixed beads | 8-12 2005
The Amphetamines

Released in 1935, amphetamine is the original stimulant. Throughout its
long career, the drug has sometimes fallen out of favor, only to return in a
new formulation. The original brand of racemic amphetamine, Benzedrine,
was tarnished in the 1960s by a highly publicized epidemic of Benzedrine
(“bennies”) abuse. It continued as dextroamphetamine (Dexedrine), even
though this potent isomer has an abuse potential that rivals that of Benze-
drine. The mix of amphetamine salts we know as Adderall was originally
marketed for obesity as Oleptro. The name was changed to Adderall (as in
“ADD for All”) in the 1990s after physicians became concerned about the
risk-benefit ratio of amphetamines in weight control. In the last decade,
racemic amphetamine was reintroduced as Evekeo, even though it is iden-
tical to the Benzedrine of 1935.

That leaves us with three basic mixtures of amphetamine: racemic (1:1
dextro:levo), mixed salts (3:1 dextro:levo), and pure, 100% dextroam-
phetamine. Once you settle on the mixture that is best suited for your
patient, the next step is to figure out which formulation they need. Racemic
amphetamine (Evekeo) lasts a generous 9 hours and is not available in MR
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form. The other amphetamines last 4-6 hours and have several MRs avail-
able that extend that duration to 10—16 hours (Table 5-9).

Besides extending the duration, MR stimulants also reduce the abuse
potential. Lisdexamfetamine (Vyvanse) takes this one step further by
locking down the dextroamphetamine molecule with a lysine bond, pre-
venting the drug from becoming active until the lysine is cleaved off in the
bloodstream. This interesting formulation accomplishes two things. First,
it slows down the drug’s release, and second, it makes Vyvanse impossible
to abuse by snorting—though it can still be abused by swallowing.

Compared to other versions of dextroamphetamine, Vyvanse’s metab-
olism is more steady and consistent, which translates to a longer duration
of action and smoother effects throughout the day (Mattingly GW et al,
Postgrad Med 2017;129(7):657-666). Those advantages make Vyvanse the
preferred form of pure dextroamphetamine in all respects except cost. The
dextro- isomer also has unique anorexic effects, which led Vyvanse to gain
FDA approval in binge-eating disorder in the higher dose range (50-70 mg).

TABLE 5-8. Racemic Amphetamine (1:1 dextro:levo)

Brand | Mechanism | Duration (hr) | Release Date
Evekeo, Evekeo ODT IR 9 1935

TABLE 5-9. Mixed Amphetamine Salts (3:1 dextro:levo)

Brand Mechanism Duration (hr) Release Date
Adderall IR 4-6 1996
Adderall XR Mixed beads 10-12 2001
Adzenys XR-ODT and ER-liquid | lon exchange resin | 10-12 2016-2017
Dyanavel XR liquid lon exchange resin | 12 2016
Mydayis Mixed beads 16 2017

TABLE 5-10. Dextroamphetamine (100% dextro)

Brand | Mechanism | Duration (hr) | Release Date
Dexedrine, Zenzedi IR 4-6 1937
Dextroamphetamine ER Mixed beads 6-10 1952

(Spansules)
Vyvanse Prodrug 9-14 2007
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Methamphetamine

There is one more stimulant that we left off the list: methamphetamine
(Desoxyn). You'll need to know about it if only to avoid it. This structural
analogue of amphetamine was popular as a diet pill and ADHD treatment
from the 1940s until the 1960s. While there are occasional patients who
seem to be particularly responsive to methamphetamine, its neurotoxicity
and high addictive potential make it unsuitable for most if not all patients
(Kim B et al, Biomol Ther (Seoul) 2020;28(5):381-388).



CHAPTER 6

Transdermal and
Intranasal Delivery

ORALDELIVERY OF MEDICATIONS is the standard, but we’ve learned
that the process of GI absorption can take a big bite out of a drug’s bio-
availability. Both transdermal and intranasal administration largely bypass
first-pass metabolism in the liver, ensuring faster and more reliable drug
delivery and avoiding Gl irritation. Once in the bloodstream, transdermal
and intranasal medications still pass through the liver, but only a small
portion (around 10%) of the medication makes it there—meaning that
there are fewer drug metabolites around to cause mischief.

Transdermal Medications in Psychiatry

Transdermal Selegiline Patch (EMSAM)

The MAOI antidepressant EMSAM (transdermal selegiline) was the first
major psychiatric medication to be released as a patch, and it was for a good
reason. Standard MAOISs can cause a hypertensive crisis when people ingest
tyramine-rich foods like aged cheese. Usually, when we ingest tyramine,
it is broken down by the enzyme monoamine oxidase. But if you have an
MAOI on board, you are inhibiting the MAO enzyme and therefore caus-
ing a buildup of tyramine. Tyramine is an amino acid, and one of its actions
in the body is to cause the release of catecholamines from nerve terminals.
Catecholamines include epinephrine and norepinephrine, both of which
can cause hypertension, and MAOIs can cause dangerously high blood
pressure when taken with tyramine-rich foods.

How does EMSAM minimize this problem? Since it is absorbed trans-
dermally, it mostly bypasses the GI tract and therefore does not signifi-
cantly inhibit the MAO enzymes there. This allows ingested tyramine to be
metabolized normally so it doesn’t build up to dangerous levels.
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Unfortunately, this is not a major triumph for EMSAM because only
the lowest dose (6 mg/day) is completely free of these food interactions.
Higher doses will inhibit tyramine’s breakdown, which is a problem
because EMSAM’s antidepressant effects are dose dependent. Most
patients eventually need up to 9-12 mg, at which point dietary restrictions
around tyramine become necessary. It’s also not clear that EMSAM works
as well as the other MAOQOISs that, unlike EMSAM, have been shown to work
in treatment-resistant depression.

While EMSAM doesn’t completely get around the food restriction, its
transdermal delivery does make it more tolerable than traditional MAOIs.
The patch has few side effects outside of skin irritation.

VERDICT

MAOIs are preferred in atypical depression (overeating, oversleeping,
heavy feelings in limbs), and EMSAM’s tolerability makes it a good option
there. However, it isn’t known to work in treatment-resistant depression,
and its transdermal delivery only gets around the food limitations in the
lower dose range.

Transdermal Asenapine (Secuado)

Secuado is a transdermal form of the atypical antipsychotic asenapine

(Saphris). It was released in 2019, which was a year before Saphris’ patent

expired. Like Saphris, Secuado is FDA approved in schizophrenia, but

unlike Saphris it lacks approval in bipolar disorder.

The main difference between Saphris and Secuado is in their pharmaco-
kinetics. Saphris is administered under the tongue and is absorbed directly
through the oral mucosa. Like other sublingual agents, Saphris comes on
fast, peaking within an hour. Transdermal asenapine, on the other hand,
takes 12-24 hours to peak.

So why would you choose Secuado over Saphris? The only rationales
we could find came from industry-sponsored papers, and they don’t hold
up well to scrutiny:

1. Unlike Saphris, Secuado does not leave a bad taste (dysgeusia). True, the
original formulation of Saphris had an awful taste. That problem, how-
ever, was largely fixed when the manufacturer added a cherry flavor.

2. Secuado has no food and drink restrictions. Food and drink do interfere
with Saphris” absorption in the oral mucosa, but this is not a major
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drawback because they only need to be avoided for 10 minutes after
the dose.

. Secuado bypasses first-pass metabolism. This is true, but since Saphris is
absorbed through the oral membrane, it largely bypasses the first-pass
effect as well.

. As a transdermal patch, Secuado improves adherence. The idea here is
that caregivers can visually check to make sure that the patch is on—
whereas they can’t ensure that a patient has taken an oral medication.
While this has theoretical appeal, there is no empirical evidence that
Secuado improves adherence over Saphris. Indeed, since Saphris can’t
be cheeked, or peeled off later like the patch can, it might provide better
support when adherence is a struggle.

When it comes to the bottom line—side effects—Secuado looks virtu-
ally identical to Saphris except for an additional nuisance: skin irritation,
which affected 1 in 7 patients and caused 1 in 200 to stop the medication
(Citrome L et al, ] Clin Psychiatry 2020;82(1):20m13602).

TABLE 6-1. Asenapine: Sublingual Saphris vs Transdermal Secuado

| Saphris | Secuado
Dose conversion 10 mg/day 3.8 mg/day
15 mg/day 5.7 mg/day
20 mg/day 7.6 mg/day

Unique side effects | Unpleasant taste Skin irritation (15%)

Faster Tmax (1 hr), same Slower Tmax (12-24 hr)
half-life (30 hr), same drug

interactions

Pharmacokinetics

Transdermal patches preferred
by some patients and families

Advantages Fatigue can be minimized
by taking the entire dose at

night

Cannot eat or drink within 10
minutes of taking it

Disadvantages Absorption is decreased by
oily, hairy skin, and increased

by heat

Monthly cost

$120 and dropping

$1,200

VERDICT

It’s hard to see an advantage with transdermal asenapine, and economic

factors will point most patients toward the generic, sublingual form.
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Other Transdermal Patches Used in Psychiatry

Nicotine Patch

The nicotine patch was released in 1991 as a prescription and transitioned
to over-the-counter in 1996 to improve access. Overall, it works as well as
other nicotine replacement therapies, but some smokers prefer the faster
onset of nicotine gum, vapes, or nasal spray. Combining the two offers the
best of both worlds. The long-acting patch lessens cravings overall, while
the immediate-release nicotine provides a quick fix for breakthrough crav-
ings. If insomnia is a problem on the patch, it can usually be managed by
removing it in the evening. Nicotine patches also have promising studies
for depression and age-related cognitive decline.

Methylphenidate Patch (Daytrana)

Daytrana is a methylphenidate patch that is useful for patients who need
coverage in the evening hours but also need an “off switch” to halt drug
delivery before sleep. See Chapter 5 for our discussion of its advantages
and disadvantages.

Clonidine Patch

The alpha-agonist clonidine is available as IR, ER, and a weekly transdermal
patch. Although it is applied once a week, the patch produces serum levels
that are similar to those of the IR and ER—and even a little steadier. The
patch is also better tolerated when it comes to sedation and dry mouth. So
what’s the catch? Like many patches, it can irritate the skin (Pastore MN et
al, Br ] Pharmacol 2015;172(9):2179-2209). Also, transdermal clonidine
lacks FDA approval in psychiatry. Only clonidine ER (Kapvay) holds that
status, in ADHD.

Still, the patch has been used successfully in half a dozen psychiatric tri-
als, including trials in ADHD and a few other conditions where clonidine
has shown off-label potential: opioid withdrawal, nicotine cessation, tics,
autism, and PTSD.

The patch is available in 0.1, 0.2, and 0.3 mg/day doses, which are
equivalent to the same mg/day in the IR form. The conversion from ER
to transdermal is less exact, as only 70%-90% of the ER form actually gets
absorbed (ie, 0.3 mg/day of the ER formulation is equivalent to about
0.21-0.27 mg/day IR).
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Rivastigmine Patch (Exelon)

Rivastigmine is an anticholinesterase inhibitor used to treat dementia.
Gastrointestinal side effects often limit the oral form, so a transdermal
patch was developed in hopes of improving its tolerability by smoothing
the peak serum levels. The strategy succeeded. In a large head-to-head trial,
72% of caregivers preferred the patch because it had fewer side effects and
was easier to dose (it is dosed once a day, while oral rivastigmine is a twice-

a-day med).

Managing Skin Irritation

Skin irritation is a common theme with all these patches, which can cause
problems that range from mild irritation to bullous conflagrations. Patients
can reduce those risks by avoiding harsh soaps, applying a lipid-rich mois-
turizer a few hours before putting the patch on, and gently cleaning away
any residual adhesive after removing the patch. Rotating the delivery site
also helps. If the problem persists, prescribe a steroid ointment (eg, 2.5%
hydrocortisone cream) to apply before adhering the patch, or refer to a
dermatologist for further guidance.

VERDICT

Keep transdermal clonidine and rivastigmine in your toolbox—both of
these patches are an improvement on their tolerability. Nicotine patches are
also useful to help smokers reduce cravings. Daytrana, however, is seriously
hindered by the risk of permanent skin discoloration.

TABLE 6-2. The Pros and Cons of Transdermal Patches

Pros | Cons

Sustained release at a steady rate with
fewer peaks and troughs (as long as the
patch stays on)

Slower onset, longer duration

Usually has less variability in absorption
compared to oral

Oil, sweat, and hair reduce absorption,
while hot temperatures speed it up

Fewer side effects from metabolites and
Gl irritation

Skin irritation

Drug delivery can be stopped by pulling
it off

Patch can fall off accidentally, and the
medication still lingers after the patch is
removed

Simplifies adherence through once-daily
(or, for some, weekly) dosing

Stigma of wearing it
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Intranasal Medications in Psychiatry

While transdermal medications are slower to act than oral ones, the nasal
route speeds up medications’ effects through the rich vascular supply of the
nose. Some medications can even get into the CNS directly through the
olfactory pathways, bypassing the tight blood-brain barrier.

Esketamine

Ketamine and its enantiomer esketamine have a hard time getting from
the GI tract to the brain because they are extensively metabolized in the
liver. Only 10%-20% of oral ketamine makes it past the liver. The sublin-
gual route improves on this a little (30% survives liver metabolism), while
intranasal and intravenous delivery brings it closer to 100%. Ketamine is
usually given intravenously, but the manufacturer of esketamine chose the

intranasal route for convenience.

Naloxone

When an opioid overdose shuts off the respiratory system, rapid action
makes the difference between life and death. The opioid antagonist nal-
oxone achieves that when given intranasally or intramuscularly, and the
intranasal route is the preferred route for home delivery by the patient’s
caregivers. Some people wonder how this intranasal spray can work in an
unconscious person who can't sniff. As a sophisticated psychopharmacol-
ogist, you can tell them that the key is for the drug to make contact with
the nasal mucosa and its rich blood supply and that no sniffing is required
for absorption. Bystanders are instructed to spray into one nostril initially,
and can spray additional doses into the other nostril after 2 minutes if there
is no response.

Naloxone lasts only 30—60 minutes, so caregivers may need to give mul-
tiple doses to keep the patient alive while they await EMS. And—while it
may save a life—the patient may not thank their rescuer right away. Nalox-
one will usually precipitate opioid withdrawal symptoms like restlessness,
agitation, nausea, vomiting, a fast heart rate, and sweating.

Since 2020, the FDA has required that physicians discuss naloxone
before prescribing opioids and highly recommends this conversation with
patients who are at risk for opioid overdose. That includes patients who are
often encountered in outpatient psychiatry: those who recreationally use
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opioids, have a history of opioid overdoses, or are taking a benzodiazepine
along with an opioid from another doctor.

Oxytocin

This “bonding” hormone has been used in an intranasal form with varying
results to try to improve social connection in autistic adults and children.
While trials to date have been small, the approach is promising enough
and generally apparently safe enough for reasonable consideration as
a possible adjunct treatment (Parker K]J et al, Proc Natl Acad Sci USA
2017;114(30):8119-8124).

Aromatherapy: The Original Intranasal Route

Some of your patients may already be using intranasal psychotropics
through aromatherapy. Lavender oil has anxiolytic and sleep-induc-
ing effects that may be unrelated to its pleasant scent. Aromatized
lavender reduced anxious behavior in mice even when the animals
were unable to smell. The bioactive compounds in lavender oil have
multiple pharmacodynamic effects, including serotonin-1A agonism,
NMDA antagonism, and GABA-ergic properties. An oral extract of
lavender, Silexan, is licensed for generalized anxiety disorder in 14
countries and available over-the-counter in the US as CalmAid.

Through the Lungs: Oral Inhalation

Inhaled Loxapine

Like the intranasal route, oral inhalation allows rapid entry and quick
effects. We only have one inhaled medication in psychiatry: loxapine
inhalation powder (Adasuve). Inhaled alprazolam is under development
for epilepsy, but its rapid onset may prove to be a liability as this inhaled
benzo is more addictive than the slow-acting oral. The hypnotic zolpidem
is available as a sprayable version (Zolpimist), but this is absorbed in the
mouth much like a sublingual med and should not be inhaled.

Inhaled loxapine is FDA approved for agitation in bipolar disorder and
schizophrenia and is sometimes used off label for agitation in borderline
personality disorder. The powder delivery system is similar to other inhaled
medications and easy to use. Inhaled loxapine is well tolerated in adults and
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in children, with sedation and taste changes (dysgeusia) as the most com-
mon side effects. The main drawback of inhaled loxapine is that it is contra-
indicated in respiratory illnesses associated with bronchospasms, including
asthma and COPD, and that medical history may be hard to verify in the
emergency settings it’s used in. Loxapine is not available for outpatient use,
and facilities must be registered with a REMS program to use it.

Inhaled loxapine works quickly, peaking in a few minutes and reaching
full clinical effect in 10-20 minutes. Its half-life is about 7 hours in adults
and 1S hours in children.



CHAPTER 7
Injectable Medications

INJECTIONS ARE GIVEN IN PSYCHIATRY for various reasons:
« Short-acting intramuscular (IM) injections for agitated patients who
refuse oral meds
« Long-acting depot injections for patients who, for various reasons,
cannot or will not take oral meds consistently
« Intravenous (IV) injections in rare cases, such as when ultrarapid
action is needed in medically ill patients with IV access

Short-Acting IM Injections for Agitation

When rapid action is of the essence and you are unable to calmly encour-
age your patient to try an oral or sublingual medication, go with IM
injection. IMs generally produce an effect within S minutes, four times
faster than most oral meds. The reason they are so rapid is that the med-
ication is injected deep within the muscles, which are richly supplied
with blood vessels, and these vessels bypass portal circulation and go
directly to the brain.

However, there are some oral formulations with speeds that rival IM
meds. One small study of 42 patients found that orally disintegrating
Zyprexa Zydis and risperidone liquid worked just as quickly as IM haloper-
idol for agitated psychotic patients (Hsu WY et al, J Clin Psychopharmacol
2010;30(3):230-234).

One thing most clinicians don’t realize is that IM injections are actually
not that reliable, and that they have a relatively high “failure rate.” An IM
“failure” refers to situations where the needle does not reach far enough to
actually penetrate the muscle, and instead is injected into the subcutaneous
tissue. There’s much less vasculature in the subcutaneous tissue, so absorp-
tion is likely to be poorer and less drug will be delivered to the brain. The
failure rate ranges from 50% to 70% and is higher in patients with thicker
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subcutaneous tissue, including women and people who are obese (Soli-
man E et al, Biodes Manuf2018;1(3):161-170).

Is there anything you can do to improve the chances that your patient’s
IM injection will be successful? Though you are unlikely to actually give
the injection, you can encourage the nurses you work with to follow

these guidelines:

« Choose ventrogluteal over dorsogluteal sites. Gluteal injections can
be given in two areas. The dorsogluteal area is the easiest to locate
(it’s in the upper-left quadrant of the buttocks), doesn’t require as
much training, and is easier to access when you are dealing with a
highly agitated patient. However, the ventrogluteal site (in the hip,
just below the femur) has a higher success rate because there is less
subcutaneous tissue.

« Use the Z-track method. With the non-injecting hand, you laterally
displace the skin and the subcutaneous tissue prior to injection. This
enhances the likelihood that the needle will reach the IM area.

Use the right needle size. Needles used for IM injections are typically
25-38 mm (1-1.5 in) long and 19-22 gauge. Needle gauge is the
measure of the thickness of the needle and ranges from 7 gauge (the
largest) to 33 (the smallest) on the Stubs scale. 21-gauge needles are
most commonly used for IM injections. The person giving the injec-
tion will usually choose a needle based on the size of the patient—Ilon-
ger needles are needed for more obese patients. However, in the case
of long-acting injectables, the dose pack usually comes with a needle
that the manufacturers require for the injection, which ensures that the

right needle is chosen for the given patient.

The bottom line is that, in an emergency situation with an acutely agi-
tated patient, the IM injection is not the panacea that we often assume.
If your patient is obese, the medication may not be well absorbed—so
don’t be surprised if the injection doesn’t seem to have much effect. For
such patients, consider choosing an orally disintegrating or liquid version.

Let’s go through some of the more common short-acting IM medica-
tions that we use in psychiatry, primarily for treating agitation. In a later

section, we’ll take a close look at the long-acting injectables.
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Short-Acting IM Antipsychotics

Haloperidol (Haldol) and the Haloperidol Cocktails

IM haloperidol is still the gold standard for rapid tranquilization because it
has a long track record, and no other drug has ever been shown to be more
effective—and indeed there have been many such comparative studies.
The problem with haloperidol is that it has a high rate of dystonia when
used alone—as high as 50%. That is why IM haloperidol is usually given
with two other drugs as follows: haloperidol 5-10 mg/lorazepam 1-2 mg/
diphenhydramine 50 mg (or benztropine 1-2 mg)—given either IM or
orally. The rationale is that lorazepam reduces agitation and diphenhydr-
amine prevents dystonia and extrapyramidal side effects (EPS), but recent
research indicates that lorazepam alone may be sufficient to prevent EPS
(Bak M et al, Eur Psychiatry 2019;57:78-100). An advantage of using hal-
operidol + lorazepam alone is that these meds can be administered in one
syringe. When diphenhydramine or benztropine are mixed with haloperi-
dol, a precipitate forms within minutes, leading most hospital pharmacies
to recommend separate syringes.

Olanzapine (Zyprexa)

Many inpatient psychiatrists are finding good success by choosing IM
olanzapine over haloperidol combinations. A four-way comparison of
IM agents found that olanzapine was just as effective as the haloperidol/
midazolam combination, and that both options were more effective than
either ziprasidone or haloperidol plus promethazine (Mantovani C et al, ]
Clin Psychopharmacol 2013;33(3):306-312).

Olanzapine + Benzos—Safe or Unsafe?

For patients who don’t respond to IM olanzapine, you may be tempted to
add IM lorazepam or another benzodiazepine. If you prescribe this duo,
you will likely get a call from the hospital pharmacist informing you that the
combination is too dangerous. This is based on a 2005 warning issued by Eli
Lilly (olanzapine’s manufacturer) about 29 post-marketing fatalities linked
to IM olanzapine/IM benzodiazepine combinations from January 2004
to September 200S. However, a closer examination of the data has raised
questions about whether any of the deaths were actually causally related to
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the combination, and a recent review concluded that the combination is
likely safe (Williams AM, Ment Health Clin 2018;8(5):208-213).

Ziprasidone (Geodon)

IM ziprasidone has gained popularity in some hospitals because it appears
to quell agitation without the sedative effects of haloperidol and olanzapine.
However, studies show that it’s overall less effective than IM olanzapine or
IM haloperidol/benzo combination (Mantovani C et al, J Clin Psychophar-
macol 2013;33(3):306-312). While we are often alert to the concern that
ziprasidone increases the risk of QTc prolongation, IM haloperidol has the
same risk, and this increase in QTc has not translated into an elevated rate

of cardiac arrhythmias with ziprasidone.

Aripiprazole (Abilify)

Aripiprazole is no longer available in the short-acting IM version as it was
withdrawn by the manufacturer due to poor sales. Its drawbacks included
a high risk of akathisia and a low rate of efficacy compared to other sec-
ond-generation antipsychotic IMs (Wilson MP et al, West ] Emerg Med
2012;13:26-34).

Chlorpromazine (Thorazine)

Chlorpromazine, the first antipsychotic to be developed, has a long track
record of use for agitation, especially in its IM form. This medication’s main
advantage is a low risk of EPS. Its drawbacks include QTc prolongation,
orthostatic dizziness, and a lowered seizure threshold. While these side
effects lead some authorities to discourage its use, in the real world of inpa-
tient psychiatry we find that many of our agitated patients respond better
to chlorpromazine than any other agent.

IM Benzodiazepines and Anticholinergics

There are three benzodiazepines that can be given IM or IV: lorazepam
(Ativan), diazepam (Valium), and midazolam (Versed). Of these three,
lorazepam is by far the most popular in psychiatry. It’s preferred over
diazepam for two reasons: a shorter half-life and a lack of active metabo-

lites. In addition, diazepam’s IM absorption tends to be more erratic than
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TABLE 7-1. IM Medications Commonly Used for Acute Agitation

| Medication | Dose | Notes
Haloperidol 2-10 mg IM every | Gold standard; should administer with
4-8 hours a benzodiazepine or an anticholinergic
to prevent dystonia
© | Olanzapine 2.5-10 mg IM, Good option as a stand-alone; usage
E max 30 mg/day with IM benzos likely safe despite 2005
% warning
-% Ziprasidone 20-40 mg IM/day | Less sedating but less effective than
< other agents
Chlorpromazine 25-50 mg IM, Very sedating and low risk of EPS;
max 200 mg/day | drawbacks include orthostasis and—
rarely—seizures or QTc prolongation
Lorazepam 0.5-2 mg every Useful for catatonia, akathisia, and
4-6 hours, max neuroleptic malignant syndrome
g 10 mg/day
g Diazepam 5-10 mg every Erratic IM absorption makes it less
(] 3-4 hours reliable; mainly used IV for seizures
Midazolam 5-15mg IM for Use is limited by respiratory
acute agitation depression
Benztropine 1-4mgIMupto | For akathisia or acute dystonia; may be
9 BID given to prevent EPS
S Diphenhydramine | 25-50 mg IM Used for acute dystonia, a disulfiram
_g every 4-6 hours | reaction, or allergic reactions; often
E given with haloperidol to prevent EPS
.5
<
Promethazine 25-50mg IM Less used in the US in psychiatry
every 4-6 hours

lorazepam’s IM absorption. Parenteral diazepam is more commonly used
in its IV form for status epilepticus.

What about midazolam? Midazolam is a very short-acting benzodiaz-
epine with a half-life of 1-2 hours, and it has an unusually rapid onset of
action. This benzodiazepine is often used in anesthesia before a surgery or
colonoscopy because of its rapid onset and strong amnestic effects. Patients
typically will not recall anything during the procedure after they receive
the injection.

Why isn’t midazolam used more often in psychiatry? It’s not completely
clear, since there were a few studies showing that it’s quite effective for agi-
tation. For example, one study in Brazil randomly assigned 301 aggressive
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or agitated psychotic patients to either 7.5-15 mg IM midazolam or 5-10
mg IM haloperidol/promethazine combination (promethazine is a sedat-
ing antihistamine/anticholinergic, similar to Benadryl). Midazolam worked
faster than haloperidol—89% of patients given midazolam were tranquil or
asleep after 20 minutes compared with 67% of those given the haloperidol
combination, a statistically significant difference (TREC Collaborative
Group, BMJ 2003;327(7417):708-713). One patient on midazolam devel-
oped significant respiratory depression—and this may clue us in to why
psychiatrists are not using midazolam. It has a reputation of being more
likely to cause respiratory depression and profound sedation, though to
our knowledge there are no studies comparing it on these variables with
other benzodiazepines.

Finally, there are three anticholinergics available in injectable form:
diphenhydramine (Benadryl), benztropine (Cogentin), and promethazine
(Phenergan). They all have similar onsets of action (around 15 minutes)
when given IM. Of the three, diphenhydramine is the most commonly used
in the US for the acute treatment of agitation or dystonia.

Long-Acting Injectable Antipsychotics (LAls)

LAIs can be helpful for patients who are unable to comply with regular
oral medication over the long course of these illnesses. Also known as
depot medications, LAIs can reduce rates of rehospitalization by 29% in
real-world settings compared to treatment with oral antipsychotics (Kim
HO et al, Ann Gen Psychiatry 2020;19:1). Another advantage of LAIs is that
the average