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Introduction 

You Already Know Something Is Missing 
The monitor starts alarming. The physician calls for a vasopressor drip. Your hand goes to 

your pocket before your brain has even finished processing the order. You're reaching for your 

phone, opening the calculator app, and typing in numbers while the room moves fast around you. 

You already know what that moment feels like. And you already know, somewhere underneath 

the routine of it, that it shouldn't feel that way. 

That moment is the reason this book exists. 

It's not a moment of incompetence. You're not a bad clinician because you reach for a 

calculator. Most of the nurses, paramedics, and physicians working in critical care settings right 

now do exactly the same thing. They hang drips every shift. They titrate vasopressors. They mix 

emergency infusions. And almost all of them do it while quietly carrying the same low-grade 

anxiety that you carry: the feeling that they're performing a task they don't fully understand, that 

they're trusting a number without truly knowing what that number means, and that one day, in the 

wrong moment, that gap is going to matter. 

That gap is real. And it's not your fault. 

Pharmacology training in nursing school, medical school, and paramedic programs teaches 

formulas. Preceptors teach policy. Drug handbooks list concentrations. What almost nobody 

teaches is the actual skill of looking at an IV bag and instantly knowing what's inside it. Nobody 

sits down with you and builds the mental model that lets you see a norepinephrine bag and 

immediately understand the drug density, the expected infusion rate, and whether the pump 

setting in front of you makes sense. That skill exists in experienced clinicians, but it was never 

formally handed to them either. They built it over years of repetition, trial, and the occasional 

near-miss that sharpened their attention fast. 

This book hands you that skill directly. 

The best clinicians in any ICU or emergency department aren't smarter than you. They 

didn't go to better schools or have better preceptors. What they have is a mental system, a way of 
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organizing concentration information that lets them process it instantly instead of calculating it 

slowly. They've seen the same bags so many times, in so many clinical contexts, that the numbers 

stopped being math problems and became pictures. They look at a bag labeled "norepinephrine 8 

mg in 250 ml" and they don't calculate. They see. They know. And that knowing frees up mental 

bandwidth to focus on the patient instead of the pump. 

You can build that same system. That's exactly what this book teaches. 

Consider a hypothetical scenario that will feel familiar. Imagine a flight nurse, seven years 

into her career, who has worked everything from community ICUs to air transport. She's skilled, 

calm under pressure, and well-respected by her crew. But on a transport one night, the ground 

team hands off a patient on a dopamine drip mixed at an unusual concentration by a rural facility. 

The label is hand-written. The rate on the pump doesn't match what she'd expect. She knows 

something feels off, but she can't confirm it quickly because she's never built the mental model 

that would let her instantly recognize what a "normal" dopamine concentration looks like versus 

what's in front of her. She adjusts cautiously, does her best, and the patient is fine. But she spends 

the rest of that transport and most of the drive home thinking about how close that felt, and how 

much she wishes she'd had a faster, more reliable way to check her own instincts in that moment. 

That scenario isn't an edge case. It plays out in some version every single day across critical 

care medicine. The details change. The drug changes. The setting changes. But the core problem 

stays the same: a skilled clinician, in a high-stakes moment, without a fast enough mental system 

to confirm what's in the bag. 

Being honest enough to recognize that gap takes more self-awareness than most people give 

themselves credit for. A lot of clinicians never do. They stay comfortable with the calculator, 

never push past it, and never build anything deeper. The fact that you're here, reading this, means 

you've already decided to do something different. That decision matters more than you might 

think. 

What This Book Teaches and Why Nothing Else Does 

It 
There's no shortage of pharmacology resources. Drug handbooks. Pocket references. 
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Calculator apps. Infusion rate charts taped to the inside of medication room cabinets. Most units 

have all of these, and most clinicians use them constantly. So why does the gap still exist? Why 

do experienced nurses still freeze when the concentration changes? Why do paramedics still 

fumble with phones during critical transports? Why do residents still hesitate when a pharmacist 

isn't available? 

Because none of those resources teach understanding. They teach lookup. 

A drug handbook tells you that norepinephrine is typically dosed between 0.01 and 3 mcg 

per kilogram per minute. It doesn't teach you to instantly picture what that means for the specific 

bag in front of you, at the specific patient weight you're working with, running through the 

specific pump setting you're staring at right now. A calculator app gives you an answer, but it 

doesn't build the mental model that lets you know whether that answer is reasonable before you 

even run the calculation. And pharmacology textbooks, for all their depth, were written for 

classrooms. They cover mechanisms, receptor binding, and pharmacokinetics. They were not 

written for the moment when the monitor is alarming and you have about four seconds to decide 

whether the rate on that pump is safe. 

This book was built from the bedside up. 

What you're going to learn here is a complete mental system for IV drug concentration 

mastery. Not a list of formulas. Not a reference table. A system. One that works across every 

major emergency infusion, every bag size, and every clinical scenario you're likely to face. A 

system that, once built, lives in your head and works whether your phone has signal or not, 

whether the pharmacist is available or not, and whether you've seen that specific drug 

concentration before or not. 

The system has several interconnected pieces, and this book teaches all of them in sequence. 

You'll start by building a true visual understanding of what concentration actually means, not just 

mathematically, but physically. You'll learn to picture drug density the way an experienced 

clinician does, so that numbers on a label stop being abstract and start being meaningful. From 

there, you'll build fast, reliable unit conversion skills using mental shortcuts that don't require a 

calculator. You'll learn why grams become milligrams become micrograms, and how to move 

between those units in your head in under five seconds. 

Copyright 2026, Alfred Ricks Jr., MD 



7 

Then the math gets practical. 

You'll learn the "divide by volume" shortcuts that form the backbone of rapid bedside 

concentration calculation. Dividing by 250. Dividing by 500. Dividing by 1000. These aren't 

tricks. They're patterns that show up in clinical practice over and over again, and once you can do 

them automatically, you'll be able to calculate the concentration of almost any standard drip 

before you've finished reading the label. You'll learn how to estimate infusion rates mentally, how 

to recognize when a pump setting doesn't match the expected dose range, and how to catch 

decimal errors before they reach the patient. 

After the foundations, the book goes drug by drug through every major emergency infusion. 

Dopamine. Norepinephrine. Epinephrine. Phenylephrine. Vasopressin. Dobutamine. 

Amiodarone. Lidocaine. Heparin. Insulin. Nitroglycerin. Cardizem. Magnesium. Ketamine. 

Propofol. Fentanyl. Versed. Precedex. Nicardipine. Sodium bicarbonate. For each one, you'll get 

the typical mixing concentrations, the common premixed bag strengths, the expected dosing 

ranges, the mental math shortcuts specific to that drug, and the clinical pearls that experienced 

clinicians carry in their heads but rarely write down anywhere. 

You'll also get the errors. The real ones. The decimal mistakes that have caused patient 

harm. The concentration mix-ups that happen during bag changes. The titration errors that occur 

when the pharmacy sends a different strength than usual and nobody adjusts the pump. These 

aren't included to scare you. They're included because knowing what wrong looks like is just as 

important as knowing what right looks like. A clinician who can recognize an abnormal 

concentration instantly is worth more to a patient than one who can only calculate a correct one. 

No other resource puts all of this together in one place, in a format built for actual clinical 

use. That's not an accident. It's a design choice. This book exists because the gap it fills is real, 

and the resources that should have filled it never did. 

How the Book Is Built and What You Will Walk Away 

With 
The book moves in a deliberate sequence, and understanding that sequence will help you get 

the most out of it. Each section builds on the one before it. You don't need to read it in one 
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sitting. In fact, it was designed for the reality of clinical life: twelve-hour shifts, short breaks, 

commutes, the fifteen minutes before a shift when your brain is still fresh. Every chapter can 

stand on its own as a teaching unit, but the full picture comes together when you move through 

them in order. 

The first section builds your foundation. You'll learn what concentration actually means at a 

physical level, how to visualize it, and why that visual understanding is the single most important 

thing you can develop as a clinician working with IV medications. This isn't review material. 

Most clinicians have never been taught to think about concentration this way, and the shift in 

perspective that happens in this section changes how every subsequent chapter lands. 

The second section covers unit conversions. This is where many clinicians have hidden gaps 

they don't talk about. Moving between grams, milligrams, and micrograms under pressure is a 

skill that has to be automatic, and this section teaches the mental shortcuts that make it 

automatic. You won't be memorizing conversion tables. You'll be building a number sense that 

works in real time. 

The third section is where mental math becomes a clinical tool. You'll work through the 

most common concentration patterns in emergency medicine, learn the shortcuts for each 

standard bag size, and practice the kind of rapid approximation that lets you sanity-check any 

infusion rate in seconds. By the end of this section, numbers like "8 mg in 250 ml" or "400 mg in 

250 ml" will stop being calculation problems and start being instantly recognizable pictures. 

The fourth section covers IV fluid science. This matters more than most clinicians realize. 

Understanding what's in the carrier fluid, how compatibility affects drug stability, and what 

happens to concentration when volumes change gives you a layer of clinical understanding that 

goes well beyond pump settings. It's the difference between following a protocol and 

understanding why the protocol exists. 

The fifth section is the drug-by-drug mastery section, and it's the largest part of the book. 

Each major emergency infusion gets its own focused chapter with everything you need to know 

about that drug's concentration profile, dosing behavior, and common error patterns. These 

chapters are built to be used as reference and as study material. You can read them cover to cover 

or go straight to the drug you're working with tonight. 
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The sixth section covers error recognition. This is where you'll develop the trained eye for 

dangerous concentrations, abnormal rates, and decimal mistakes. You'll learn the patterns that 

show up in real medication errors and the mental checks that catch them before they cause harm. 

This section is one of the most practically valuable in the book, and it's one that most 

pharmacology resources skip entirely. 

The final section is timed drills. This is where knowledge becomes skill. Reading about 

concentration math is not the same as doing it. The drills in this section are designed to build the 

kind of automatic, rapid calculation ability that only comes from repeated practice under time 

pressure. They're not tests. They're training. The goal is repetition until the patterns become 

instinctive. 

What you'll walk away with is not a list of facts. It's a mental toolkit. A way of looking at 

any IV bag, reading any label, and instantly processing the relevant clinical information without 

hesitation. You'll know what the concentration means. You'll know what the expected infusion 

rate should look like. You'll know when something is off. And you'll know it fast enough to act 

on it before it matters. 

The goal of this book has never been to help you memorize formulas. Formulas are tools, 

and tools can be forgotten, lost, or unavailable. The goal is to change how you see IV 

medications at a fundamental level, so that what used to require a calculator now requires only a 

glance. So that what used to cause hesitation now produces certainty. So that the next time the 

monitor alarms and the physician calls for a vasopressor, your hand doesn't go to your phone. It 

goes to the bag. And you already know what's inside it. 

That's the skill this book builds. Every chapter, every shortcut, every drill points toward that 

same outcome. See the bag. Know the dose. That's where this is going, and every page from here 

forward moves you closer to it. 
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Chapter 1: What Concentration Actually 

Means — And Why Most Clinicians 

Never Truly Get It 

The Problem: You Can Calculate It But You Cannot 

See It 
Every clinician reading this has done the math before. You've taken the total milligrams in a 

bag, divided by the total volume in milliliters, and written down the answer. The formula works. 

The numbers come out. You move on. But doing that calculation and actually understanding 

what it means are two completely different things, and most clinical training never bridges that 

gap. 

Think about what's really happening when you hang an IV drip. You're not just running 

fluid. You're delivering a specific density of drug through a tube and into a human body at a rate 

that determines whether that patient stabilizes, crashes, or recovers. The concentration in that bag 

isn't just a number on a label. It's a physical reality. It's how much drug is packed into every 

single milliliter of fluid flowing toward your patient right now. 

Most clinicians can't picture that. 

That's not an insult. It's a gap in how pharmacology gets taught. Schools focus on formulas. 

Preceptors focus on policy. Drug handbooks list numbers. And somewhere in all of that, the 

actual concept of what concentration means at a physical, visual level gets skipped entirely. You 

end up knowing how to calculate without knowing how to see. When you can't see it, you can't 

catch errors with your gut. You can't sanity-check a rate in your head. You can't look at a bag 

during a code and know in two seconds whether something is off. 

That gap is what this chapter is about closing. 

Consider a hypothetical scenario. A nurse we'll call Daniel has been working in the ICU for 

five years. He's competent, trusted by his team, and solid under pressure. But every single time 
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he hangs a vasopressor, he pulls out his phone. He opens the calculator app, types in the 

numbers, checks the answer, and then proceeds. He's never made a major error. But he also 

knows, in a way he's never said out loud, that he doesn't actually understand what he's 

calculating. He knows the formula produces the right number. He doesn't know what that number 

means in terms of what's actually flowing into his patient. One night, the pharmacy sends up a 

norepinephrine bag at a different concentration than usual. The label looks similar. The rate on 

the pump doesn't get adjusted. Daniel catches it eventually, but only after the patient's blood 

pressure drops further than it should have. The error wasn't catastrophic. But it was entirely 

preventable, and it happened because Daniel was calculating, not seeing. 

Daniel's situation isn't rare. It's the norm across most critical care units. And the fix isn't 

more formulas. The fix is building a real mental picture of what concentration actually is. 

The reason this matters so much in emergency medicine specifically is speed. During a code 

or a rapid deterioration, you don't have sixty seconds to open an app, type in numbers, and wait 

for an answer. You have seconds. The clinicians who perform best in those moments aren't doing 

faster math. They're not calculating at all. They're recognizing. They've seen the bag before. They 

know what it contains. They know what the pump should be set to. That recognition comes from 

a visual mental model that was built deliberately over time, and this chapter is where you start 

building yours. 

Concentration Defined: The Simplest Way to Think 

About It 
Concentration is simply how much drug is dissolved in how much fluid. That's the whole 

concept. Everything else is just applying that idea to different numbers. 

Think about coffee. A single espresso shot has a lot of caffeine packed into a very small 

volume of liquid. A large drip coffee has roughly the same amount of caffeine spread across a 

much bigger volume. The espresso is more concentrated. The drip coffee is more dilute. If you 

drink the same volume of each, you get very different amounts of caffeine. The volume you drink 

matters, but so does the concentration of what you're drinking. Change either one and you 

change what you actually consume. 
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IV medications work exactly the same way. 

If you dissolve 4 mg of a drug into 250 ml of saline, you get one concentration. If you 

dissolve 8 mg of the same drug into 250 ml of saline, you get a concentration that's exactly twice 

as strong. The bag looks identical. The volume is the same. The fluid is the same color. But every 

milliliter of that second bag contains twice as much drug as every milliliter of the first. If the 

pump is running at the same rate for both bags, the patient on the second bag is getting twice the 

dose. That's not a subtle difference. In a vasopressor context, that's the difference between a 

stable blood pressure and a hypertensive crisis. 

Here's another way to think about it. Saltwater. If you dissolve one teaspoon of salt into a 

glass of water, you get mildly salty water. If you dissolve four teaspoons of salt into the same 

glass, you get water that's intensely salty. The glass is the same size. The water looks the same. 

But the concentration of salt is four times higher. Anyone who takes a sip of the second glass 

knows immediately that something is different. That instant recognition is what you're building 

for IV medications. Not a sip test, obviously, but the same kind of immediate, intuitive 

understanding that tells you what's concentrated and what's dilute before you run a single 

calculation. 

Juice concentrate works the same way. The can in the freezer is a dense, syrupy liquid. You 

add three cans of water and suddenly you have a full pitcher of juice. The drug amount stayed the 

same. The volume increased. So the concentration dropped. This is exactly what happens when a 

pharmacist dilutes a medication into a larger bag. The total drug doesn't change. The volume 

does. And that changes what the patient gets per milliliter. 

These everyday analogies aren't just cute comparisons. They're the mental foundation for 

everything that follows in this book. The moment you stop thinking about concentration as a 

formula and start thinking about it as drug density, the whole concept becomes intuitive. A more 

concentrated bag means more drug per milliliter. A more dilute bag means less drug per milliliter. 

That single idea, held clearly in your mind, is the basis of every calculation, every error check, 

and every clinical decision you'll make about IV medications from this point forward. 
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mg/mL and mcg/mL Explained Without the Confusion 
The two units you'll see most often at the bedside are mg/mL and mcg/mL. Both of them are 

just ways of expressing the same thing: how much drug is in each milliliter of fluid. The 

difference between them is simply the size of the unit being used to measure the drug. 

Milligrams per milliliter means there are a certain number of milligrams of drug in every 

milliliter of fluid. If a bag is labeled 2 mg/mL, every single milliliter of that fluid contains 2 mg 

of drug. Run 10 mL per hour, and you're delivering 20 mg of drug per hour. Run 20 mL per hour, 

and you're delivering 40 mg per hour. The relationship is direct and simple. More volume per 

hour means more drug per hour, and the concentration tells you exactly how much drug comes 

with each milliliter. 

Micrograms per milliliter works the same way, just with a smaller unit. One milligram 

equals 1,000 micrograms. So if a bag has a concentration of 16 mcg/mL, every milliliter contains 

16 micrograms of drug. That might sound like a tiny amount, and for many emergency 

medications it is, which is exactly why we use micrograms. Drugs like epinephrine, 

norepinephrine, and fentanyl are active at very small doses. Measuring them in milligrams would 

give you numbers like 0.016 mg/mL, which is harder to work with mentally than 16 mcg/mL. 

The unit gets chosen to make the numbers practical at the bedside. 

Converting between the two is straightforward once you know the relationship. To go from 

mg/mL to mcg/mL, multiply by 1,000. To go from mcg/mL to mg/mL, divide by 1,000. That's it. 

A bag labeled 0.016 mg/mL is the same as 16 mcg/mL. A bag labeled 0.032 mg/mL is the same 

as 32 mcg/mL. You'll use this conversion constantly, and after a while it becomes automatic. 

Take a real IV bag example. Dopamine is commonly mixed as 400 mg in 250 mL of D5W. 

To find the concentration in mg/mL, you divide 400 by 250, which gives you 1.6 mg/mL. To 

convert that to mcg/mL, you multiply by 1,000, which gives you 1,600 mcg/mL. Now every 

milliliter of that dopamine bag contains 1,600 micrograms of drug. If your pump is running at 15 

mL per hour, you're delivering 24,000 mcg per hour, or 400 mcg per minute. Whether that's the 

right dose depends on your patient's weight and the ordered dose in mcg/kg/min, but the point is 

that you can get to this number quickly and cleanly once you understand what the concentration 

label actually means. 
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Another common example is norepinephrine mixed as 4 mg in 250 mL. Divide 4 by 250 

and you get 0.016 mg/mL. Multiply by 1,000 and you get 16 mcg/mL. Now you know that every 

milliliter of that bag contains 16 micrograms of norepinephrine. When you're titrating that drip at 

the bedside, every adjustment in mL per hour translates to a predictable change in micrograms 

per minute delivered to the patient. That predictability is what makes safe titration possible. 

You're not guessing. You're working from a known concentration that you can hold clearly in 

your mind. 

The key habit to build right now is reading concentration labels aloud when you pick up a 

bag. Not just the drug name. Not just the volume. The actual concentration. Say it out loud: 

"Norepinephrine, 4 mg in 250 mL, that's 16 mcg/mL." Do that every time you hang a drip for the 

next two weeks and watch how quickly it becomes automatic. You're not just reading a label. 

You're training your brain to connect the numbers on the outside of the bag with the drug density 

on the inside. 

Total Drug, Total Volume, and the Relationship That 

Runs Everything 
There is one mathematical relationship in IV pharmacology that underlies everything else. 

Concentration equals total drug divided by total volume. Write it down. Say it out loud. Then 

understand it deeply, because every calculation in this book flows from it. 

Concentration = Total Drug ÷ Total Volume. 

If you have 8 mg of drug in 250 mL of fluid, the concentration is 8 divided by 250, which 

equals 0.032 mg/mL, or 32 mcg/mL. If you have the same 8 mg but now it's in 500 mL of fluid, 

the concentration is 8 divided by 500, which equals 0.016 mg/mL, or 16 mcg/mL. Same drug 

amount. Double the volume. Half the concentration. The patient receiving that second bag at the 

same pump rate as the first bag gets half the dose per hour. That's a clinically significant 

difference, and it's exactly the kind of error that happens during bag changes when the pharmacy 

sends a different volume than usual and nobody recalculates. 

This relationship also works in reverse, and that's where it becomes truly powerful. If you 

know the concentration and the volume, you can find the total drug. If you know the 
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concentration and the total drug, you can find the volume. The formula rearranges in all three 

directions, and each direction answers a different clinical question. How much drug is in this 

bag? What volume do I need to make a specific concentration? What concentration did I end up 

with after mixing? 

Understanding this relationship changes how you think about bag changes and pharmacy 

substitutions. When a bag runs out and a new one arrives, the first question you should ask is 

whether the concentration is the same. Not just whether the drug is the same. Whether the 

concentration is the same. If the new bag has the same drug in a different volume, or a different 

amount of drug in the same volume, the concentration has changed. The pump rate must change 

with it, or the patient's dose changes. This is one of the most common sources of medication 

errors in the ICU and ER, and it happens almost entirely because clinicians are thinking about the 

drug without thinking about the concentration. 

During emergencies when a standard concentration isn't available, this relationship tells you 

exactly what to do. If you have 200 mg of a drug and only a 500 mL bag to put it in, you divide 

200 by 500 and get 0.4 mg/mL. You know your concentration. You can now calculate the 

infusion rate for any dose. You're not guessing. You're not waiting for pharmacy to call back. 

You're doing the math from the relationship you already understand, and you're doing it in 

seconds. 

The algebraic fluency this section is building isn't about being good at math. It's about being 

fast enough and confident enough to work with whatever is in front of you. Standard 

concentrations make life easier. But emergencies don't always deliver standard concentrations. 

The clinician who understands the underlying relationship can work with any bag, any 

concentration, any situation. That's the level of mastery this book is designed to give you. 

Practice this right now. Take any bag you've hung recently and work through the 

relationship from memory. What was the total drug? What was the total volume? What was the 

concentration in mg/mL? What was it in mcg/mL? If you can answer all four questions without 

looking anything up, you're already building the mental model. If you can't, that's exactly the gap 

this chapter is designed to close, and the next section is going to give you the visual tool that 

makes it stick. 
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Building Your Mental Picture: How to Visualize a Bag 

Before You Calculate Anything 
Knowing the formula is one thing. Being able to picture the answer before you calculate it is 

something else entirely, and that second skill is what separates the clinician who catches errors 

from the one who misses them. 

Think of concentration as a spectrum with two extremes. On one end, you have a very 

concentrated bag: a large amount of drug dissolved in a small volume of fluid. On the other end, 

you have a very dilute bag: a small amount of drug dissolved in a large volume of fluid. Every IV 

bag you'll ever hang sits somewhere on that spectrum. The goal is to develop a trained sense for 

where each bag falls, so that when you pick one up, you already have a rough feel for its density 

before you run any numbers. 

The concentration ladder is a simple mental tool for doing exactly that. Picture a vertical 

ladder. At the top of the ladder are high-concentration bags: lots of drug, small volume, high 

density. At the bottom are low-concentration bags: small amount of drug, large volume, low 

density. Every time you encounter a new bag, you mentally place it somewhere on that ladder 

based on the label. Over time, the most common bags in your clinical environment will have 

fixed positions on your mental ladder, and you'll place them instantly without thinking. 

Here's how to start building that ladder with real clinical examples. A norepinephrine bag 

with 4 mg in 250 mL sits at 16 mcg/mL. That's a standard concentration, moderate density, a 

familiar position on the ladder. Double the drug to 8 mg in the same 250 mL and the 

concentration jumps to 32 mcg/mL. That bag sits higher on the ladder. It's more concentrated. 

Every milliliter delivers twice the drug. If you're used to the 4 mg bag and you pick up an 8 mg 

bag without adjusting your mental model, you're going to run it too fast. The ladder helps you 

see that difference before the pump is even programmed. 

Now consider a dilute example. Magnesium sulfate 2 grams in 100 mL is a moderately 

concentrated bag. Magnesium 2 grams in 500 mL is much more dilute. Same total drug. Five 

times the volume. The concentration drops by a factor of five. On the ladder, the first bag sits 

much higher than the second. Running the 500 mL bag at the same rate as the 100 mL bag would 
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deliver the same volume per hour but one-fifth the dose. That's a clinically meaningful difference 

that the ladder makes immediately visible. 

The concept of "concentration feel" builds from repeated exposure to the same bags in the 

same clinical contexts. Experienced ICU nurses and ER physicians have this feel not because 

they're special, but because they've hung the same drips hundreds of times and their brains have 

pattern-matched the numbers into something intuitive. You can accelerate that process 

deliberately by doing two things. First, every time you hang a drip, calculate the concentration in 

mcg/mL and say it out loud. Second, place it on your mental ladder relative to the last bag of the 

same drug you hung. Is this one more concentrated or less concentrated? Higher on the ladder or 

lower? Over time, those mental placements accumulate into a genuine clinical instinct. 

A hypothetical scenario helps make this concrete. Consider a paramedic named Rosa who 

works a busy urban 911 system. She's been on the job for four years and handles critical patients 

regularly. Early in her career, every dopamine drip required a calculator. After deliberately 

practicing the concentration ladder for three months, reading every bag aloud and placing it 

mentally before calculating, something shifted. She stopped needing the calculator for most 

standard drips. The numbers had become pictures. When a non-standard concentration showed 

up during a rural transfer, she didn't freeze. She placed it on her mental ladder, recognized it was 

more concentrated than what she normally used, and adjusted her rate immediately. The ladder 

gave her a reference point, and that reference point gave her speed. This is a hypothetical 

scenario, but the mechanism it describes is real. Pattern recognition built through deliberate 

repetition is how clinical instinct develops. 

The ladder also serves as your first line of error detection. If a bag lands in an unexpected 

position on your mental ladder, that's your signal to stop and verify. A dopamine bag that feels 

far more concentrated than usual, a nitroglycerin bag that seems unusually dilute, an insulin drip 

that doesn't match the concentration you normally see: these are all moments where your trained 

instinct catches something your eyes might have missed. The ladder doesn't replace verification. 

It triggers it. And triggering verification before the pump starts is always better than discovering 

an error after it's been running for an hour. 

Copyright 2026, Alfred Ricks Jr., MD 



18 

Recap: Chapter 1 Key Takeaways and Action Steps 
Five core ideas came together in this chapter, and each one builds directly on the last. First, 

concentration is a visual concept before it's a mathematical one. The ability to picture drug 

density in a bag is the foundation of every clinical skill this book teaches, and it's a skill that can 

be built deliberately through practice. Second, mg/mL and mcg/mL are simply different-sized 

units for expressing the same thing: how much drug is in each milliliter of fluid. Converting 

between them requires only one step, and that step becomes automatic with repetition. Third, the 

relationship concentration equals total drug divided by total volume is the single most important 

equation in IV pharmacology. It governs every calculation, every bag change, and every 

emergency mixing decision you'll ever make. Fourth, changing either the drug amount or the 

fluid volume changes the concentration, and changing the concentration without adjusting the 

pump rate changes the dose the patient receives. This is where most clinical errors originate, and 

understanding the relationship clearly is what prevents them. Fifth, the concentration ladder is 

your mental visualization tool. It gives every bag a position based on its drug density, and it 

trains your instinct to recognize when something doesn't belong where you'd expect it. 

Now put these ideas to work before your next shift. 

The first action is to sketch the concentration ladder for three bags you commonly use in 

your clinical setting. Pick three drugs you hang regularly, write down the total drug and total 

volume for each, calculate the concentration in both mg/mL and mcg/mL, and draw a simple 

vertical line with those three bags placed in order from most dilute at the bottom to most 

concentrated at the top. Do this from memory first, then verify against your unit's reference. The 

gaps between what you remembered and what's actually correct are the exact gaps this chapter is 

designed to close. 

The second action is to practice reading concentration labels aloud during your next shift. 

Every time you pick up an IV bag, say the drug name, the total drug, the total volume, and the 

concentration in mcg/mL out loud before you hang it. Do this for every drip, every time, for the 

entire shift. It takes about four seconds per bag. By the end of the shift, you'll have reinforced the 

habit enough that it starts to feel automatic. 

The third action is to explain the concept of concentration to one colleague without using a 
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formula. Use the coffee analogy, the saltwater analogy, or the juice concentrate analogy. If you 

can explain it in plain language without falling back on math, you actually understand it. If you 

find yourself reaching for the formula to explain it, that's a signal that the visual model isn't fully 

built yet, and you need more time with the analogies before moving to the numbers. 

The fourth action is to take the three bags from your ladder sketch and work through the 

total drug, total volume, concentration relationship in all three directions. Given the total drug 

and volume, find the concentration. Given the concentration and volume, find the total drug. 

Given the concentration and total drug, find the volume. Do this without a calculator. The 

arithmetic doesn't have to be perfect. The goal is fluency with the relationship itself, not precision 

to four decimal places. Speed and comfort with the structure of the equation matter more right 

now than exact answers. 

Everything in the chapters ahead assumes you can do what this chapter taught. The unit 

conversions, the mental math shortcuts, the drug-specific concentration profiles, the error 

recognition patterns: all of it rests on the foundation you just built. Concentration is a picture. 

The ladder is your frame. And every bag you hang from this point forward is a chance to make 

that picture sharper. 
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Chapter 2: Unit Conversions at the 

Speed of Thought — Mental Shortcuts 

That Actually Work in a Code 

The Problem: Unit Confusion Kills Speed and Creates 

Errors 
Unit confusion is responsible for more medication errors in emergency medicine than 

almost any other single cause. Not wrong drugs. Not pump malfunctions. Not pharmacy 

mistakes. Units. Grams confused with milligrams. Milligrams confused with micrograms. Liters 

confused with milliliters. These aren't exotic errors that happen to careless clinicians. They 

happen to experienced, competent people under pressure, and they happen because the mental 

process of converting between units was never made automatic enough to survive a high-stress 

environment. 

The math behind unit conversion is simple. The problem is speed. 

When you're standing at a bedside during a rapid deterioration, your working memory is 

already handling a dozen competing demands. You're tracking the monitor. You're listening to the 

physician. You're watching the patient's color, their breathing, their response to what's already 

running. In that environment, any calculation that requires deliberate mental effort competes 

directly with everything else your brain is trying to do. Unit conversion, when it's slow, takes up 

cognitive space that should be going toward clinical judgment. When it's fast and automatic, it 

disappears into the background and you barely notice it happened. 

That's the goal of this chapter. Not to teach you unit conversion as a skill you perform. To 

make it something you don't even have to think about. 

The tenfold dosing error is the most dangerous direct consequence of unit confusion. It 

happens when a clinician works in the wrong unit without realizing it. A drug ordered in 

micrograms gets calculated in milligrams. A dose in grams gets treated as milligrams. The 
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arithmetic feels correct because the numbers add up within the wrong unit system. The answer 

looks reasonable on paper. But the actual dose delivered to the patient is ten times higher or ten 

times lower than intended. Ten times. That's not a rounding error. That's a lethal overdose or a 

completely ineffective treatment, and it's invisible until the patient's condition tells you 

something went badly wrong. 

Consider a hypothetical scenario. A paramedic named Caleb is working a critical care 

transport. He's been on the job for six years and is confident with most drug calculations. The 

receiving physician orders a dopamine infusion and gives the dose in micrograms per kilogram 

per minute. Caleb does the mental math quickly, but somewhere in the process he conflates 

milligrams and micrograms. His arithmetic is correct within the unit he's using. His pump rate is 

wrong by a factor of 1,000. He catches it before the infusion runs long, but only because the 

patient's heart rate climbs faster than expected and he stops to recheck. The near-miss shakes 

him. Not because he made an arithmetic error, but because he didn't even realize he'd switched 

units mid-calculation. The error wasn't in the math. It was in the mental framework holding the 

units together. This is a hypothetical scenario, but the mechanism it describes is one of the most 

documented error patterns in emergency pharmacology. 

Slow unit conversion also creates a bottleneck at exactly the wrong moment. In a code, the 

physician calls for an epinephrine infusion. The nurse knows the dose in micrograms per minute 

but the bag is labeled in milligrams. Every second spent converting is a second the patient doesn't 

have the drug. Calculator apps help, but they require unlocking a phone, opening the app, and 

typing in numbers while someone is talking to you and the monitor is alarming. That sequence 

takes fifteen to thirty seconds in a best-case scenario. Under real code conditions, it takes longer. 

The mental shortcut system in this chapter eliminates that delay entirely. 

The five unit pairs that cause the most trouble in emergency medicine are grams to 

milligrams, milligrams to micrograms, micrograms to milligrams, liters to milliliters, and 

milliliters to liters. Every one of these conversions follows the same underlying logic, and once 

you understand that logic through a single visual model, all five become automatic. That model is 

the metric ladder, and it's the first thing this chapter teaches. 
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The Metric Ladder: A One-Time Visual That Replaces 

Memorization Forever 
The metric ladder is the single most useful mental model in clinical pharmacology, and it 

takes about two minutes to learn. Once you have it, you never need to memorize a conversion 

rule again. The ladder does the work for you. 

Picture a vertical ladder with three rungs. The top rung is grams. The middle rung is 

milligrams. The bottom rung is micrograms. That's it. Three rungs. Three units. Every drug 

weight conversion you'll ever need in emergency medicine lives somewhere on this ladder. 

The rule is simple. Moving down one rung multiplies by 1,000. Moving up one rung divides 

by 1,000. 

Start at grams and move down to milligrams: multiply by 1,000. One gram equals 1,000 

milligrams. Move down again from milligrams to micrograms: multiply by 1,000 again. One 

milligram equals 1,000 micrograms. So one gram equals 1,000,000 micrograms, which is just 

two steps down the ladder, each one multiplying by 1,000. 

Going the other direction works just as cleanly. Start at micrograms and move up to 

milligrams: divide by 1,000. 500 micrograms divided by 1,000 equals 0.5 milligrams. Move up 

again from milligrams to grams: divide by 1,000 again. 500 milligrams divided by 1,000 equals 

0.5 grams. Every conversion is just a question of which direction you're moving on the ladder 

and how many rungs you're crossing. 

The reason this visual works better than a memorized rule is that it gives you direction. 

When you're under pressure and you can't remember whether to multiply or divide, you look at 

the ladder in your head and ask yourself one question: am I going up or down? If you're 

converting from a bigger unit to a smaller unit, you're going down the ladder, and you multiply 

by 1,000. If you're converting from a smaller unit to a bigger unit, you're going up the ladder, and 

you divide by 1,000. The direction tells you the operation. You never have to remember the rule 

separately from the concept, because the visual contains the rule inside it. 

Here's a clinical example to make this concrete. A physician orders dobutamine at 5 

micrograms per kilogram per minute for a patient in cardiogenic shock. The bag you have is 
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labeled 250 mg in 250 mL. You need to know how many micrograms per milliliter are in the bag 

before you can calculate the rate. Start with 250 mg. You want micrograms. You're moving down 

one rung on the ladder. Multiply by 1,000. 250 mg becomes 250,000 mcg. Now divide by 250 

mL. That gives you 1,000 mcg/mL. Every milliliter of that bag contains 1,000 micrograms of 

dobutamine. You got there in two steps using the ladder, no calculator needed. 

Another example. You have a lidocaine bag labeled 2 grams in 500 mL. You want to know 

the concentration in mg/mL. Start at grams. Move down one rung to milligrams. Multiply by 

1,000. Two grams becomes 2,000 mg. Divide by 500 mL. That gives you 4 mg/mL. Done. Two 

steps, both driven by the ladder. 

The ladder also prevents the most common direction error in unit conversion, which is 

multiplying when you should divide. Before the ladder, many clinicians try to remember 

"multiply by 1,000 to go from mg to mcg" as an isolated rule. Under stress, that rule can flip. 

They can't remember which direction the multiplication goes. With the ladder, the rule is 

embedded in the visual. Going down means getting smaller units, and smaller units mean more 

of them, so you multiply. Going up means getting bigger units, and bigger units mean fewer of 

them, so you divide. The visual logic reinforces the arithmetic logic, and the two together are far 

more durable under pressure than a memorized rule alone. 

The volume side of clinical pharmacology has its own version of this. Liters and milliliters 

sit on a two-rung ladder with the same relationship. One liter equals 1,000 milliliters. Moving 

from liters to milliliters means going down one rung, so you multiply by 1,000. Moving from 

milliliters to liters means going up one rung, so you divide by 1,000. A 0.5-liter bag is 500 mL. A 

250 mL bag is 0.25 liters. You'll rarely need to convert between liters and milliliters in a clinical 

emergency, because most bedside work happens in milliliters, but the ladder handles it the same 

way when you do. 

Spend five minutes right now drilling the ladder from memory. Write it on a piece of paper 

without looking at this page. Three rungs: grams at the top, milligrams in the middle, 

micrograms at the bottom. Down multiplies by 1,000. Up divides by 1,000. Then do ten 

conversions: five going down the ladder and five going up. Use round numbers to keep the 

arithmetic simple. 1 gram to milligrams. 500 mg to micrograms. 2,000 mcg to milligrams. 0.25 
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grams to milligrams. 750 mcg to milligrams. Do them without a calculator. Check your answers 

after. If you got them all right, the ladder is already working. If you made errors, they'll show you 

exactly where your mental model needs reinforcement, and that's valuable information you can 

only get by doing the drill rather than just reading about it. 

Fast Mental Conversion Methods for Every Common 

Clinical Unit 
The ladder gives you the logic. This section gives you the speed. These are the specific 

mental techniques for each conversion pair you'll encounter at the bedside, built around 

round-number anchors and pattern-based thinking so you can execute them in seconds without 

writing anything down. 

Grams to milligrams is the easiest conversion in clinical practice. You're moving down one 

rung. Multiply by 1,000. In practical terms, this means adding three zeros or moving the decimal 

point three places to the right. One gram becomes 1,000 mg. Two grams becomes 2,000 mg. 0.5 

grams becomes 500 mg. The mental shortcut is to think of the gram number and then picture it 

with three zeros attached. For most clinical drug amounts, the numbers are small enough that this 

is instantaneous. Magnesium sulfate is commonly ordered as 2 grams: that's 2,000 mg. 

Amiodarone 150 mg loading dose: you're already in milligrams, no conversion needed. Sodium 

bicarbonate 50 mEq is a different unit entirely, but when you see it expressed as 4.2 grams, you 

know immediately that's 4,200 mg. 

Milligrams to micrograms is the conversion you'll use most often in vasopressor and 

sedation management. You're moving down one rung again. Multiply by 1,000. The mental 

shortcut is identical: add three zeros or shift the decimal three places right. Four milligrams 

becomes 4,000 mcg. Eight milligrams becomes 8,000 mcg. 0.4 mg becomes 400 mcg. The 

clinical anchor that makes this automatic is norepinephrine. A standard norepinephrine bag is 4 

mg in 250 mL. Four milligrams is 4,000 mcg. Divide by 250 mL and you get 16 mcg/mL. If you 

can do that sequence in your head in under five seconds, you've got the mg-to-mcg conversion 

locked. Practice it with norepinephrine specifically until the number 16 mcg/mL comes to you 

automatically when you see "4 mg in 250 mL" on a label. That single pattern will serve you 
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