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1- What is a pressor?

“Blood pressure medicines” come in a couple of varieties: there are some that make blood pressure go up, and there are those that make it go down. The word “pressor” is usually used to mean the first kind. Another word that describes these drugs (both kinds) is “vasoactives”, which is to say: acting on blood vessels. The major use for pressors is in the treatment of one kind of shock or another.

2- What is shock?

Shock is usually described as a state in which the body tissues aren’t getting enough blood flow for one reason or another. The peripheral tissues –way away from the major vessels, and supplied by smaller vessels whose perfusion suffers when blood pressure drops – lose much of the blood supply that they depend on for oxygen and nutrient delivery. So they switch gears at the cellular level: they change from aerobic respiration, in which they use delivered oxygen to make energy, to anaerobic respiration, which works, but poorly. The byproduct, or “engine emission” of anaerobic respiration is unfortunately lactic acid, and since the blood vessels are not carrying wastes away – being underperfused – the lactic acid builds up, creating a metabolic acidosis. The acidosis makes blood pressure even harder to maintain. Most pressors like adrenaline (epinephrine) and norepinephrine (levophed) depend on the blood pH – if the pH is too low, they won’t work very well. 

3- Are there different kinds of shock?

Yes, but to understand them, we need to talk about how exactly a blood pressure is maintained. It turns out that there are three major components of a blood pressure.

4- What are the three components of a blood pressure?

We think of them as  “pump”, “volume”, and “squeeze”.  Of course, it’s lots more complicated than that, and as always, most of the information in all of these articles is written “with a lot of lies thrown in”  – there are shelves of textbooks that have been written on each subject that we try to cover in a few pages. But the point is: how can you organize the ideas in your head to figure things out at the bedside? Quick-and-dirty is what will help most…

5- What is “pump”?

Pump is the heart. Anything interfering with inotropy, heart rate, or cardiac output, be it an MI, an arrhythmia, ischemia – is a pump problem.

6- What is “inotropy”?

Inotropy means:  “how hard the left ventricle is working to pump, to empty itself”. 

7- What about “volume”?

Easy enough: the circulating volume in the blood vessels. You have to include the relative volumes of red cells and plasma to this idea though – you may have plenty of red cells, but if a patient’s plasma volume is low – which is to say they’re dehydrated, hypovolemic, but not from bleeding – you wouldn’t give that person blood, would you? Or the other way around – you wouldn’t give just crystalloid to a person with a low crit from bleeding, would you?

8- No. What is crystalloid?

Any “clear-as-crystal” IV fluid is “crystalloid” – it’s a word used for a kind of IV volume replacement - as opposed to “colloid”, meaning anything protein-based such as albumin of one kind or another, or plasma – but as I understand it, not red cells. Anyhow, right – you would correct volume loss with what the person needed, based on what they needed: red cells, or the ‘”water” component of the circulating volume.

9- What is “squeeze”?

“Squeeze” has actually been used around ICUs for long time to mean two different things – some people use it to describe how tight the arterial bed is, which is to say how tight, or constricted the entire system of arterial vessels is. Other people use “squeeze” to mean inotropy. I use it the first way, because it helps me think about what’s happening to the patient – it’s a useful concept when you’re faced with a hypotensive situation that you’re trying to sort out.

10- How does this relate to shock?

The three components of a blood pressure actually reflect the three kinds of shock that you’re likely to see in intensive care. The state that reflects pump is “cardiogenic” shock, which is to say “originating in the heart”. Simple idea: the blood pressure is low because the pump isn’t pumping. This is usually because of a sizable MI, but people with end-stage heart disease of one kind or another, such as cardiomyopathy (“heart-muscle-disease”), or people who have had multiple MI’s - leaving them with a very low ejection fraction - can live on the edge of cardiogenic shock much of the time.

11- What is ejection fraction?

This is the amount of blood ejected from the left ventricle into the arterial circulation with every systolic contraction, expressed as per cent. Normal is something like 50-70%. Impressively low is usually said to be less than 30%, and “cardiac cripples” who can’t get up from the chair without shortness of breath sometimes run in the low teens.

12- Which shock state reflects volume?

“Hypovolemic” shock reflects low volume – and again, the fix depends on which component of circulating volume the patient has lost. You would never give red cells to a patient with heat stroke, whose crit might be up around 60%.  And you would try not to give crystalloid to a person with a big blood loss.

13- Which shock state reflects squeeze?

“Septic” shock reflects “squeeze”. (Cardiogenic shock affects squeeze too, but we’ll get to that.) It turns out that the arteries are contractile – they can be made to open up (“dilate”), or tighten up (“constrict”). The whole system of arterial vessels is sometimes called the “arterial bed” – and it helps to think of the whole bed, the whole system, loosening or tightening up in response to various states. In septic shock, the germs floating about in the systemic circulation produce a set of unpleasant chemicals called endotoxins. These affect the arterial vessels in such a way that they loosen up, causing the blood pressure to drop. An analogy would be a garden hose turned on full – if you squeeze the hose, the pressure rises, and the water squirts across the yard. If you release the squeeze, the water pressure drops, and the water runs all over your shoes. Similarly, if the arterial system as a whole tightens up, the patient’s blood pressure rises, and if the system loosens up, the pressure falls – which is the cause of hypotension in septic shock.

So the trick in diagnosing hypotension is to figure out: which of the three components is the problem? There’s lots more on this subject in the PA-line FAQ.

14- What measurements do we use at the bedside in the ICU for treating shock states?

These are the ones we use central monitoring for – CVP, wedge pressure, and the ones we get from “shooting numbers”: cardiac output/ index (CO/CI), stroke volume (SV), and systemic vascular resistance (SVR). Each of these measurements corresponds to one or the other of the three parts of the blood pressure, and each kind of shock has a characteristic “appearance” that is often immediately obvious one you “shoot” your first set of numbers after a PA line goes in.

15- How  do pressors fit into the treatment of shock states?

The choice of pressor depends on the nature of the problem. To explain this, a quick review of adrenergic receptors will help. There are three receptor sets that we worry about in the ICU – the alpha receptors which are located in the arteries, and the two kinds of beta receptors: beta-1’s (you have one heart, that’s where they are), and beta-2’s, (you have two lungs, that’s where those are.) 

16- How do pressors work on receptors?

To agonize set of receptors means to stimulate them, to make them “do their thing”. To block, or antagonize  those receptors means to “stop them from doing their thing.” For example,  if you agonize the alpha receptors in the arteries ( a little repetition never hurts), then the arteries tighten up. If you antagonize the alphas, then the arteries loosen up. (This is how some antihypertensives work.) The number that we use to measure how tight or loose the arterial system is as a whole is the SVR – the “systemic vascular resistance”. The normal range is something like 800-1100. The thing to remember is: higher is tighter, lower is looser. So to take the example of sepsis again, the basic problem producing the hypotensive, acidotic state is that the arterial system has been made to dilate by the action of bacterial poisons floating about in the bloodstream.  To counter that dilation, we use (usually) a pure alpha-agonist pressor: neosynephrine (phenylephrine). “Neo” agonizes the alphas, and makes the arteries tighten up again. So the SVR, which might be as low as 200-300, will rise as the arteries constrict. In sepsis, the pump isn’t the problem, it’s the “squeeze” that’s not right. (It’s a strange but true thing that raising blood pressure with a pressor often has no effect on a low SVR reading – anyone in the group have ideas about this?) 

Update – vasopressin does seem to raise the SVR. 

The volume component becomes a problem too in sepsis, since as the arteries dilate, the volume in them is suddenly not enough to keep them filled up – so the CVP and wedge pressure are low. People describe this by saying “the tank is dry” – the “tank” being the capacity of the arterial system, which has just been increased dramatically by dilation. The heart tries to compensate for the loss of  “squeeze” and volume by pumping both harder and faster, so the classic appearance of the numbers is high cardiac output and index, low SVR, and high heart rate. The strategy against sepsis is simple: fill the tank, squeeze the tank, kill the bugs :(hydrate the patient to increase their circulating volume, apply an alpha pressor to tighten up the arteries , and give the appropriate antibiotics.) Levophed is often used interchangeably with neo, but has broader effects on both sets of receptors, sometimes producing problems – a patient in sepsis will already be reflexively tachycardic. Sometimes levo can aggravate the tachycardia , sometimes disastrously, producing unpleasant things like rapid AF, or even nasty ventricular arrhythmias – think of using neo in this situation.

17- How do you treat other shock states?

The other two states that we see are hypovolemic and cardiogenic shock. Hypovolemia is treated by “fluid resuscitation” with the appropriate component of  volume that the patient needs: red cells (along with stopping the blood loss), or crystalloid for dehydration. In hypovolemia, you see a similar picture to sepsis in that the heart rate rises to compensate for loss of circulating volume, and the central pressures: CVP and wedge will be low, but the SVR will actually rise very high – maybe up towards 2000, because the arteries will tighten up to try to maintain blood pressure. These folks make lactic acid out in the peripheral tissues not because their arteries are too loose, but because they’re too tight, and the little arterioles can’t get their supply – they’re shut out of the circulation, out there at the toes and fingers and the like. These people have cold, sometimes dusky hands and feet. 

18- Do you use pressors to treat hypovolemic shock? 

Not if you can avoid it. If blood pressure doesn’t recover with the right kind of fluid treatment, then something else is probably going on. If you apply an alpha-agonist pressor to an “empty tank”, you’ll tighten the arterial system to the point where the patient may lose their fingers or toes to necrosis. If you apply a beta- agonist pressor to increase the heart rate – well, their heart rate is already up, isn’t it? A patient with this kind of “reflex” tachycardia” can be pushed from sinus tach into something like rapid AF or even VT by using a beta agonist pressor – this is why levophed sometimes doesn’t work in septic situations the way you want it to. Levophed is sort of a “kitchen sink” pressor – it agonizes the alphas and the betas, and once in a while (rarely) it will have bad effects on a patient with an already high heart rate.  Dopamine has similar effects – it is “chronotropic” – that is, it raises heart rate, even at low doses, and because it’s often the only pressor available for peripheral use, it is used in situations where it probably shouldn’t be – although in a code, or near-code, you do what you have to do to save a life. If there’s no option but to run a vasoconstrictive pressor through a peripheral vein while the team is getting, say, a femoral line placed – well, that’s what you have to do. Change over quickly – the patient could lose an arm!

Another update: phenylephrine can now be given peripherally in a dilute mix of 10mg in 250cc, but should only be used temporarily while the patient is waiting to have a central line inserted. Try to use a big vein.

19- What about cardiogenic shock?

Cardiogenic shock is produced by “pump failure” – usually from a big MI. In this case, the set of adrenergic receptors to work on are the beta-1s, and the pressor to apply in this situation is dobutamine – a “pure” beta pressor.(Assuming you want to use a pressor at all. You don’t want to “whip” an already failing left ventricle if you don’t need to – you use an intra-aortic balloon pump – which maybe will be the subject of another FAQ.) 

You have 1 heart – that’s where the beta-1s are. The “numbers” for cardiac output, central pressures and the SVR form a pattern that is just as “classic” and recognizable to the experienced ICU person as the ones for sepsis: in this case, cardiac output is low (because the problem is with the “pump”), and the wedge pressure will probably be high, since the left ventricle can’t empty itself, and the pressure backs up.  (If the pressure continues to back up, the rising pressures will reflect back to the lungs, forcing “water” out of the capillaries into the alveolar spaces – “congestive heart failure” – this is why cardiogenic patients are almost always intubated.) The SVR will be high - as in hypovolemia, the only reflex the body has available to try to keep up the blood pressure is by tightening the arterial bed. (You’ll notice that this is the opposite reflex to the one the body uses in sepsis – tachycardia. These are the two reflexes the body has available to use in these situations.) 

Agonizing the beta-1s increases both heart rate and inotropy, which increases cardiac output and, hopefully, blood pressure. Be careful! Beta-1s can often be stimulated by beta-agonist drugs used for other reasons: the classic one is albuterol – supposedly only a beta-2 agonist. Beta-2 receptors are in the lungs (you have two lungs): when you agonize them, the bronchi dilate. But these drugs aren’t all that specific: albuterol can kick the heart rate up as well as opening up bronchi. 

The opposite case is also true: giving a beta-1 antagonist, or beta-“blocker”, like inderal, can have a bad effect on the beta receptors in the lungs – producing broncho-constriction (asthma attack!). Lopressor is supposedly “beta-1 specific”, and hopefully leaves the lungs alone. Just something to think about. Might want to switch to verapamil.

20- What other pressors are there?

We talked a little about dopamine above. Dopamine effects come in three flavors, related to the dosage being given: low, medium, and high. At low doses, say 150-300mcg/minute, dopamine is thought to affect “dopaminergic” receptors, which in turn is supposed to increase blood supply to the kidneys : this is what they mean by “renal-dose-dopa”. Does it work? People argue about this one all time in very learned fashion, but it seems to work enough of the time that we often still do it occasionally.  At middle ranges: 300-600 mcg/minute – dopamine has beta effects – it increases heart rate and inotropy. There’s lots of overlap in these ranges, and many is the patient started on “renal dose” dopamine whose heart rate pops up to 150 – time to shut it off! Again, this is probably not the pressor to use in a septic situation, because the heart rate is already too high, right? So applying a beta-agonist pressor may push the septic patient with sinus tach at 150 into rapid Afib at 200, or even VT.  At high ranges: 600-1000mcg/minute using the ancient method of the “straight-drip” technique (as opposed to the mcg/kg/minute technique that everybody else uses), dopamine finally has some alpha effect. But do you want to push a tachycardic patient all the way through the beta range to finally get to the alpha range to get their blood pressure up? Negative! Use neo. 

Another couple of pressors, more rarely used: epinephrine, which is a “kitchen-sink, kick-everything” pressor, hardly used except in codes and as a last-ditch in hypotension that’s not responding to anything; isoproterenol – (Isuprel, or just “Prel”) – a very powerful beta-agonist, really rarely used, only as a bridge to try to keep heart rate up in situations where atropine doesn’t work – the drill used to be: A-I-P for symptomatic bradycardia: atropine, isuprel, pacing wire. Nowadays we use the Zoll pads.

21- What basic considerations do I need to keep in mind about using these drugs?

A few words about using vasoactives in general: try to think about how the drug is being delivered to the patient: is anything (besides you) speeding up or slowing down the flow? Sometimes big changes in blood pressures can mean that somebody gave, say, and antibiotic through a line carrying levophed. Big mistake. This would initially cause a dramatic rise in BP, followed by many inches of IV tubing carrying no pressor at all (and if the flush is running at 5cchr, it may take two hours for the pressor to fill the line back to the patient!) I try to use flush lines running at a fixed 100cc/hr when possible – this means that the pressor is never going to take very long to reach the patient down the line. Whenever possible, run vasoactives (together in a line is okay, as long as they’re compatible) at constant rates, and with a line all to themselves. Try not to change the rate of a flush attached to a pressor line rapidly – move in small increments, and try to be patient. Never bolus patients with pressor during hypotensive episodes – make sure the drug is actually reaching the patient at a controlled rate, and make small changes. Be patient! Anticipate big changes when increasing pressor rates, and be ready to dial down rapidly when you first see the change you’re looking for. 

22- Are there other vasoactives I need to know about?
We haven’t talked much about the other kind of vasoactives: the ones that make blood pressure go down instead of up. The three you’ll see most often are IV nitroglycerine, IV labetolol, and nipride (nitroprusside). Of these, labetolol is the only one that works on adrenergic receptors: it is actually a combination alpha and beta blocker, so it lowers BP by both lowering heart rate (beta blocking) and by dilating the arterial bed (alpha blocking). 

Nitroglycerine (TNG) is used for controlling anginal symptoms and for acute blood pressure control (doesn’t seem to work very effectively for this in most people) – it works by dilating both arteries and veins, decreasing SVR (afterload) and preload, by increasing the venous capacity. Less volume arrives at the LV, and it’s easier to pump it out.

Nipride (nitroprusside) is the third antihypertensive that we use. Be extremely cautious with this drug – it is very powerful. (Some people call a nipride bag wrapped in foil the “silver bullet”.)  It must always have a separate, dedicated IV lumen all to itself, and nothing must ever be run through that line – it will bottom out the patient’s pressure. The bad thing about nipride is that it works so rapidly – you have to move very carefully when titrating up  on the dose. The good thing though about nipride is also that it works so rapidly – it has a very short half-life, and within seconds after you stop the infusion, its effects go away. Nipride can produce a really poisonous cyanide metabolite called thiocyanate – usually this gets measured at least daily while a patient is on this drug.

23- How do we use vasopressin?
Vasopressin is used in two situations in the MICU: GI bleeding, and sepsis. The confusing thing is that the ranges are very different. 

· For GI bleeding, the range is 0.1 to 0.4 units/minute. 

· For use as a pressor in sepsis, the starting dose is 0.04 units/minute. Usually the plan is to start at 0.04, wait for effect, and then titrate backwards from there when it’s time to try weaning.

The theory as I understand it (not very well), is that in sepsis the body gets into a vasopressin-deficient state, which contributes to the systemic arterial vasodilation. I have to say that I’ve really been surprised at how effective this stuff is – actually the really impressive part for me was how the heart rates come down with this drug – sometimes down from say, the 130s, to around 60 or 70. It may take a day or longer for the heart-rate effect to show up, but blood pressure usually responds within an hour or so in my experience. Vasopressin has also showed up in code situations, which was new to me – at the last code I went to, I found myself pushing a vasopressin dose, which made me a little nervous…

Things to remember about vasopressin:

· We use a syringe mix of 50units/ 50cc.

· Vasopressin is supposed to be run through a central line.

· The listed side effects are: increased blood pressure/SVR (duh!), bradyarrhythmias and junctional arrhythmias – probably reflexive – and angina/ischemia…EKGs before and after starting the drip are a good idea if you’re dealing with a cardiac patient.

25- Why don’t we use Trendelenburg position any more?

This one was hard for an old nurse to get used to – after doing it for something like 20 years, another piece of  “basic knowledge” gets chucked out…they say that putting patient in T-berg makes blood flow north in the patient, increasing the intavascular pressure on the carotid bodies, making them think that things are better than they are.  Remember that these are the guys who live in the aortic arch, looking downwards toward the heart. If the amount of volume coming out of the LV suddenly drops, they get on the line to the adrenals saying: “Yo! Secrete some epi!”  So if you put the patient in Trendelenburg, they see this as more “volume” (which it isn’t, really), and it just defeats your whole purpose. Plus it makes it hard for the patient to breathe. Jayne says that the best thing to do is to “Lie ‘em flat, and put their feet up on two pillows, which will improve the blood pressure some because it improves the venous return.” Sounds good to me. But I have yet to see a patient lose blood pressure in T-berg…

What I have seen is reflex bradycardia when patients are inadvertently bolused with some powerful pressor. Typically someone gets impatient with waiting for a pressor change to take effect, and dials up too rapidly. The patient will suddenly respond with a blood pressure that may rise from, say, 70 up to 240 systolic – this does indeed produce a reflexive bradycardia, which is the carotid bodies doing the other thing, yelling “Whoa!” down the phone line. Don’t give this patient atropine! Just dial them right back down again, or even shut off the pressor/flush flow altogether for a short time, then carefully re-titrate. You have to be a little patient with pressor changes… 

A word about pressor delivery. We use syringe pressor mixes where I work, and they’re very concentrated. We run the drips with a “background flush” line, usually running at 10cc per hour, with the pressors plugged into them. Now think about this for a minute: if you plug the levophed into one of those little y-port connectors on that flush line, maybe two feet (or more) away from the patient, how long is it going to take for that drug to get to the patient, when that syringe is giving all of 3cc per hour? I’ll tell you this – it’s going to seem like 20 years! The trick: put a manifold (a triple-stopcock thing) at the end of your flush line, and plug the pressors into that, as close as possible to the patient. Then if the patient can handle the fluid, turn the flush rate up – 50 or 100cc per hour at first, so that the patient will “see” any changes you make to the drip more quickly. When you’ve gotten them on a “stable” pressor dose, feel free to turn the flush rate back down.

Also – don’t get into the habit of turning the flush rate way up briefly to “bolus” the patient with pressor. The words “bolus” and “pressor” really do not go together – make steady changes and be patient, which can be hard with the team breathing down your neck…and remember that if you do give a bit of fluid through that line, that you’ve washed all the pressor out of the line, and you’re going to have to wait all over again for it to work, which means the patient will get hypotensive again…

Here’s a little chart thing for those who like them:

Condition  ( CVP/PCW  ( CO/CI  ( SVR  SV ( Pressor to Use? (  Receptor to Treat 

Normals:    8-10/10-12   4-6/2-3  1000  60+/-

Sepsis            (     (        (    (      (      (         Neo, Levo             Alphas

Cardiogenic   +/-  (        (     (      (      (         Dobutamine          Beta-1s (IABP?

Shock

Hypovolemia  (    (        (     (      (      (         Fluid or blood only?

