PAGE  
1

PA Lines







4/04
Hi all: here’s another Frequently Asked Question file. As usual, please remember that this is not meant to be any kind of final reference – it’s supposed to be a collection of answers that a preceptor might give to a newer ICU nurse, based on experience, rather than “official” information. Please find as many errors as you can (probably lots), and get back to me, and we’ll update the file. Thanks!

PA Line Basics

1- What is a PA line?

2- Why are they sometimes called Swan-Ganz lines?

3- What are PA lines used for?

4- How are they inserted, and who inserts them?

5- What’s the difference between the introducer and the PA line?

6- What is a “cordis”?

7- What is the little syringe for?

8- What about the little balloon at the end – what’s that for?

9- Why do PA lines have multiple lumens?

10- What’s the difference between the colors : yellow, blue, white, purple?

11- Why do they call them “ports”?

12- What are the little black lines that show up along the length of the catheter?

Setting Up

13- How do I set up for a PA line insertion?

14- Why do we use a double-transducer setup?

15- How do I set up the monitor?

16- How do I set up the printer?

17- Where do I level the transducer?

      Insertion

18- Who puts in the PA-line?

19- Why do they call it “floating” a Swan?

20- What is a “wedge pressure”?

21- What are all those waveforms that I need to know?

22- When do I turn the printer on?

23- What does a normal CVP trace look like, and what are normal CVP numbers?

24- What does a normal RV waveform look like?

25- Why does everyone look nervous when the catheter tip is passing through the RV?

26- What does a normal PA trace look like?

27- Wedge trace?

28- What does “stuck in wedge” mean?

29- What do they mean when they talk about “right-sided” or “left-sided” pressures?

30- Why does the patient need a stat chest x-ray after the swan goes in?

31- Can I use the PA line before the film is read?

32- How do I make sure the line doesn’t get pulled out?

33- What is the clear wrinkly sheath thing for?

34- What is the aluminum clippy thing with the sponge for?

35- Why is it important to put on an “air-occlusive” dressing?

      Reading the numbers

36- Okay, the PA line is in, and the x-ray is read. How do I interpret the numbers?

37- How should I wedge the line?

38- What is “overwedged”?

39- What if I lose the syringe – can I use another one?

40- What should I do with the syringe when I’m not using it?

41- How often should I wedge the line?

42- How do I read the CVP?

43- How do I do a cardiac output?

44- Why do we delete the previous ones?

45- How many should I do?

46- What if the numbers make no sense?

47- What is the difference between cardiac output and cardiac index?

48- What is BSA?

49- What is SVR?

50- What is SV?

51- What are the classic patterns of numbers for different situations, like sepsis, or cardiogenic shock?

                   Using the ports

52- Which port should I use for what?

53- Can I infuse things through the distal PA port?

54- What goes through the CVP port?

55- Can I use the PA line for TPN?

56- Can I do blood draws from the PA line?

57- What is a Fick output, and how do I do one?

      Bad things that can happen

58- What do I have to worry about when the line is going in?

59- How can I tell if those things are happening?

60- What do I do if the line is stuck in wedge?

61- What if the line pulls back to the RV?

62- What if the line gets pulled all the way out?

63- Why do they pull the line “back to CVP”?

64- What should I do with the ports and the transducers if the line is pulled back to CVP?

65- What if the balloon ruptures?

66- How do I know if that has happened?

      Taking the line out

67- How do we know when the PA line needs to come out?

68- Who takes it out?

69- How do I get certified to take out PA lines?

70- What should I look for on the x-ray before I pull a swan?

71- Should I culture the tip?

72- Now that the line is out, can air get into the patient through the black diaphragm thing in the introducer?

73- What is an obturator?

74- Can I put in an obturator?

PA-Line Basics

1-  What is a PA Line?
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Scary-looking object. This one is a just a little more complex than the ones we use, as it has an extra port for a pacing wire…

A PA-line is a long multilumen catheter (a catheter with several tubes 
in it, instead of just one), that is inserted through one of the large veins, and threaded through the right side of the heart, up into the pulmonary artery. 

http://illuminations.nctm.org/imath/912/cardiac/student/images/catheterbig.jpg 

2- Why are they sometimes called Swan-Ganz lines?   

PA lines were invented by Drs. Jeremy Swan and William Ganz at Cedars-Sinai, in California. They were first used in the early and middle 1970’s.

3- What are PA lines used for?

You need three things to make a blood pressure: you need something to pump with, some volume for the pump to pump with, and some resistance in the vessels that the volume is being pumped through – they have to be at least moderately tight, constricted, contracted, since if they’re all floppy and loose, then the pressure in them will never rise to the point that you need if you’re going to perfuse your end-organs. Or any other organs.

Pump, volume and squeeze. Snap, crackle, and…I forget what the third one was.

If you’re faced with a patient who can’t make a blood pressure, and it just isn’t really clear why – then what you need to do is to try to “quantify” each of these. 

This is what the PA line is for: “when you shoot the numbers”, you’re generating information that tells you exactly what’s happening with all three items: cardiac output (pump), CVP and wedge pressures (volume), and systemic vascular resistance (squeeze). 

The thing to understand is that as there are three parts of a blood pressure, there are only three main types of hypotension (“shock states”) that you’re going to see in the ICU, and each of them originates in one of the three. The “numbers” organize themselves into patterns that will become very familiar to you: here’s a quick look.

Before the quick look, some normal ranges:  your cardiac output is probably something like 4-6 liters/minute, your wedge pressure is probably around 10 to 12 mm Hg, CVP 8 to 10, and your SVR is probably somewhere around 1000, plus or minus some. 

· “Pump” problems? “Cardiogenic” shock? The cardiac output will be low, because the pump ain’t pumping. Blood pressure drops. The body says to itself: “What to do? Got to keep the blood pressure up somehow!”, and starts to tighten up the arterial bed. What number tells how tight the arterial system is? – SVR. 

So – in cardiogenic shock, the cardiac output goes down, the SVR goes up – the pattern is usually plain as day. “Ooh, look! The output is only 2.2, and the SVR is 2400!” What does the wedge pressure do? (Remember, the LV is pumping poorly, and can’t empty itself…)

· “Volume” problems? “Hypovolemic” shock? Lost a lot of blood? Running too many marathons?  Cardiac output will probably be low, since there isn’t enough volume to pump with. CVP and wedge pressures? Low, right? – again, not enough volume. SVR? Same as cardiogenic: the arteries clamp down, trying to maintain pressure.


Hypovolemic shock: cardiac output low, central pressures low, SVR high.

· “Squeeze” problem? Any idea what makes this happen? Anybody say, “sepsis”? All that bacteremic endotoxin makes the arteries dilate – blood pressure drops. What to do? Now the body uses the mirror reflex of what it did in the cardiogenic setting: instead of clamping down the arteries, which it can’t do, because that’s where the problem is – now the heart picks up the slack, pumping both faster and harder: heart rate goes up, and cardiac output does too.


Septic shock: cardiac output high, central pressures low, SVR low.

Give it time. Don’t try too hard to memorize all this – instead, get some mileage under your belt. Work with the PA lines, shoot lots of numbers, think things over, then come back in six months, read the article again, and explain to me how much of it I got wrong…

4- How are they inserted, and who inserts them?

PA lines are usually inserted in our unit by the pulmonary fellow, who

may supervise the residents and interns, letting them do it. They are threaded through an introducer, which is put in first, usually in one of the internal jugular veins, or in one of the subclavians. The introducer can be placed by the team before the pulmonary fellow gets to the unit to place the swan itself.

5- What’s the difference between the introducer and the PA line?

The introducer is a single-lumen large-bore central line that can be placed by the resident team in one of the big neck veins – usually internal jugular or subclavian- which acts as a guide for the swan when it is going into the patient. The introducer is about 4 inches long, and is about half the diameter of a soda straw – it’s shaped like an L, with one end going into the vein, and the other end coming off at a right angle, also about 4 inches long. This second end is sometimes called the “side arm”. At the point where the two parts of the L connect is a hub, which holds a black diaphragm. The diaphragm is perforated by the swan as it goes into the patient, and it makes a tight air seal around the swan to prevent air from getting into the bloodstream between the introducer and the swan within it. It’s important to remember that if the swan comes out, as long as the introducer is still in place, that diaphragm is not airtight any more, and needs to be covered with tegaderm, lest the patient suck air inwards through the opening. This would produce an air embolus in the venous circulation, which would move towards the lungs, and produce similar effects to a big PE.

6- What is a “cordis”?

The cordis is the introducer. Somehow, in the jargon, the name of the company that makes a lot of this equipment got attached to just one part of it. The side arm of the introducer is made nowadays of very large bore, clear tubing, and is very useful for rapid fluid boluses, or blood, or the like. We often use it with multiple stopcocks to give a number of infusions together – usually a combination of “background” IV fluid, pressors, etc. 

Confusing-looking picture, at first. This would be a “left IJ” insertion.
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     Head.
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     Looks like cloth tape holding an ETT tube.
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     See the side arm? 

     Somebody needs to flush that line…
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     Shoulder.

Um, is somebody going to apply an occlusive dressing to this site, or what?

http://www.med.umich.edu/anes/tcpub/glossary/graphics/anesthesia_glossary-36.jpg
Don’t forget that if you change the background rate of a combination infusion, you also change the rate of the pressors. Be very careful!

7- What is the little syringe for?

The little syringe is for inflating the balloon at the end of the catheter.

8- What about the little balloon at the end – what’s that for?
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The team  will check that the balloon inflates properly, before the line goes into the patient. 

http://www6.ocn.ne.jp/~taisho2/katarogu/a/a_wedge.htm
The balloon does a couple of things. First – during insertion, the balloon is inflated in the vena cava – usually superior, since most of our insertions are from the neck. The inflated balloon guides the tip of the catheter along as it is pushed by blood flow through the chambers of the heart, until it “wedges” in place in one of the pulmonary arteries. This is why they call it “flow-directed” catheter placement. The second is the wedge function.

9- Why do PA lines have multiple lumens?

The first thing to visualize here is that each of the lumens has an opening somewhere along the length of the catheter, and the first thing to remember is that the terms “proximal” and “distal” here are reversed from their usual meanings – which is to say, they usually mean “closer” or “farther away” from the center of the patient. 

This time – just to make sure you were paying attention – they mean “closer” or “farther away” from the point where the line enters the patient. So the “distal port” – the yellow one - is the one at the tippy end, out where the balloon is. The proximal port - the blue one - is the one closest to the insertion point - but which actually opens up in the right atrium –  so it’s also often called the RA port. Some swans have extra infusion ports that open up near the blue port in the RA – in our unit these are the white and purple ports. The manufacturer calls these Variable Infusion Ports – or VIP ports (snazzy!)  - so these are called VIP swans. All of our swans are VIP swans. The RA ports, by the way, are where you should push meds in a code – never through the distal port if you can avoid it – to get the best drug/blood mixing.

The second thing to remember is what these lumens are really for, which is pressure monitoring. The distal port is hooked to a pressure transducer, which translates the varying pressures it senses into waves that you can see on a monitor, and shows the pressures in the PA, along with the wedge pressure when the balloon is inflated. The proximal port shows the pressure in the RA.

10- What’s the difference between the colors: yellow, blue, white, purple?

The colors in themselves don’t mean anything except to help you remember where the ports open up. All the swans I’ve seen from different makers use the same color code. It’s important not to mix these up!

11- Why do they call them “ports”?

I’m not sure. “Portal of entry”, maybe?

12- What are the little black lines that show up along the length of the catheter?

The black lines measure the length of the catheter, starting from the tip, so that you know how far the swan has gone into the patient.

Setting Up
13- How do I set up for a PA line insertion?

You need to know a number of things to get properly set up for a swan insertion:
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Here’s the PA line all nicely set up for insertion on some sterile drapes.  You’re going to  want to have your transducer setup ready, and the doc will pass the distal port connection to you to screw onto the stopcock at the end of your transducer line.

See the curve in the line? Why do you think they make them that way?

http://www.med.umich.edu/anes/tcpub/glossary/anesthesia_glossary-21.htm
· How long do you have until the team will be ready to go?

· Where will they insert the catheter into the patient? That’s to say, where in the patient will the team be inserting the catheter, rather than “in the clean utility room”, or “in the nurse manager’s office”…

· Is the patient going to be able to tolerate the procedure? For example, can he lie flat, or is he hypoxic, and short of breath, and would he need to be intubated first? Or hypotensive – do you have stable access for pressors before the swan goes in? Or very agitated? Oftentimes the doctors are so focused on the insertion procedure that they forget about everything else – so these considerations become your responsibility! Your goal is to produce a situation in which this very invasive maneuver can be done under stable, safe conditions. Always let your resource nurse know what’s going on so that she can help you out. 

· Try to make sure that the patient’s cardiac electrolytes are okay before the swan goes in;  having a normal K+ and Mg+  can make all the difference in preventing VT when the swan passes through the right ventricle. Let the team know what the values are ahead of time!

14- Why do we use a double-transducer setup?

We use a double transducer because it lets us monitor the traces (waveforms) from the PA port and the CVP port at the same time. I usually connect only the distal port cable during insertion so I don’t get confused as to which is which – you only want to see the distal trace during insertion anyway.

15- How do I set up the monitor?

What we do is: go into “monitor setup”, then “parameters”, and turn off all the waveforms except one of the EKG leads and the distal port of the swan. Don’t turn the parameters off – just the waveforms – since you still want to monitor things like BP and O2 sat during the procedure – you just don’t want their traces cluttering up your screen. Then set the swan trace to “full grid”, which will blow it up big on the screen, and which will put scale numbers on the side so that numbers can be easily read from the different chambers in the heart as the swan goes in. 

16- How do I set up the printer?

Go into “monitor setup”, then “graph setup”, and you can highlight the traces that you want printed –  usually only the EKG and distal port traces. You can also change printer locations from the standard little printer on the outside counter to one of the laser printers by hitting the “printer” option and choosing the laser. Don’t forget to switch back!

17- Where do I level the transducer?

Level the transducer where you level them all: mid-axillary line, roughly at the 4th intercostal space. Mark the patient’s chest with a felt-tip pen to make sure that everyone is levelling at the same point – this may make the difference between hydrating your patient and giving her diuretics!

Insertion

18- Who puts in the PA line?

The swan is put in by the pulmonary fellow, or by the resident team under her direct supervision. She must be present in the room for the line placement. 

19- Why do they call it “floating” a swan?
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The balloon at the tip of the catheter gets “floated” along by blood flow through the chambers of the heart until it reaches the right position.

http://www.beautifulbritain.co.uk/htm/wildlife_photography/mark_johnstone.htm 

20-  What is a “wedge pressure”?

Here’s how PA lines work, physically:

Let’s take a second to remember how invasive lines work: monitor, transducer, stiff tubing filled with saline, then the monitoring catheter itself. 

Remember that all these lines are “looking at “something,  with their transducers acting as their “eyes” . An arterial line transducer “sees” the pressure in the patient’s radial artery (if that’s where it’s connected to) through the column of heparinized saline in the stiff pressure tubing.

PA lines work the same way: there’s an open lumen between the transducer and the tip of the PA line, filled with heparinized saline, right? The column of fluid sends the pressure waves back to the transducer. As the line is floated into place, the tip of the PA line passes through the several structures in turn: first the right atrium (CVP), then the right ventricle, then pressures in the pulmonary arteries, and finally the “wedge” pressure. 

Now let’s talk about the balloon. All these pressures are what the transducer sees as the line goes in, with the little balloon at the tip inflated, to let the blood flow push the tip along. As the line makes it’s way into the pulmonary artery of its choice, it moves smoothly along until its inflated sides wedge up against the sides of the vessel that it’s in. Now what does the transducer see?

Well – now it doesn’t see what’s all around it any more. Now the transducer is only looking forward, through the lungs, into the left side of the heart. Only looking forward…sometimes I wish I could do that.

Here’s a question: how does the PA transducer look all the way through the lungs to see the left side of the heart? Aren’t they sort of in the way? Answer: I have absolutely no idea, and I’ve always wondered! One of our our correspondents explained that the answer is “magic”, which sounds right to me.

So - looking forward, the catheter looks down into the LV,  producing the “wedge pressure”.The wedge number reflects the pressure in the left ventricle at its fullest – at the end of diastole – so the wedge number is also sometimes called “LVEDP”: “left ventricular end-diastolic pressure”.  If the pressure is high, then the idea is that the LV is having trouble emptying itself, maybe from ischemia, maybe from low EF, maybe from overhydration, maybe from cardiogenic shock. Too low, and the patient is probably dry.
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Here’s what the PA line transducer “sees” as the line floats into place…

www.rocket.pwp.blueyonder.co.uk/  

See how the trace changes as the balloon floats along, finally into wedge? I would read the wedge in this diagram at about 14 or 15 – does that make sense?

21- What are all those waveforms that I need to know?

The waveforms in the diagram above reflect the pressures in the different places that the tip of the catheter travels through – first the vena cava/RA (usually nearly the same wave and pressure number), then the RV, then PA, then wedge. You need to learn what these look like – study up! There are only a few, and they’re all quite different and clear.

22- When do I turn the printer on?

Turn the printer on and start “graphing” as soon as the doc gets the tip of the catheter into the vena cava – you want to start your graph with the CVP tracing, and finish up with the wedge. 

23- What does a normal CVP trace look like, and what are normal CVP numbers?

The CVP trace has a narrow amplitude – meaning, it goes up and down, but not much, on the screen. Normal CVP numbers might be anywhere from 4-8, depending (always depending!).

24- What does a normal RV waveform look like?

Normal RV traces are much different – you should be able to notice the change from RA immediately. RV pressure waves have a very wide amplitude – they go way down, then way up, from a very low number – single digits – in diastole, to a pretty high number – 20-30, (depending!) in systole. Looks like slow VT. See that on the diagram above?
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See how the diastolic presure goes way down, almost to zero?

http://classes.kumc.edu/son/nurs420/unit4/hemomon.html
25- Why does everyone look nervous when the tip of the catheter is passing through the RV?
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www.rocket.pwp.blueyonder.co.uk/  

The tip of the catheter can tickle the inside of the RV and produce runs of VT – you’ve probably seen this during CVP line placement when the guide wire goes in. Your position during the swan placement is in the room looking at the monitor the whole time, because the doctors may or may not be able to see the runs. Usually by continuing to advance the catheter steadily, the balloon will guide the tip up into the PA and out of dangerous territory. If not, and the runs are prolonged, the team needs to rapidly back the line out and try again.  As mentioned above, you want to try and make sure that the patient’s K+ and Mg+ are okay before the swan goes in. 

26-  What does a normal PA trace look like?

Normal PA traces have a smaller amplitude than RV waves – they don’t go so far up and down. As the catheter tip passes from RV into PA, the diastolic pressure will come up – you’ll see the lowest part of the wave rise upwards, and the systolic will come down – the highest part of the wave will get lower – and you should see a distinct dicrotic notch. Normal numbers might be 30’s over 10’s. Depending
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Now there’s a dicrotic notch.



And the diastolic pressure has popped up. These both mark the 

transition from the RV to the PA.

http://classes.kumc.edu/son/nurs420/unit4/hemomon.html 

27- Wedge trace?

Again - as in going from RV to PA - the transition from PA to wedge trace should be very clear – the trace will suddenly drop, and compress, and look much like the CVP trace did. Normal might be around 10 to 12. 


Suddenly the tracing really loses amplitude (“gets a lot smaller, going up and down.”)  “Yo, Ralphie, you, uh,  just lost a lotta amplitude, know what I’m sayin’?”

So – what’s this person’s wedge pressure?

http://classes.kumc.edu/son/nurs420/unit4/hemomon.html  

28- What does “stuck in wedge” mean?

“Stuck in wedge” means just that: you walk into a room, you look up at the monitor, and where you should see a PA wave coming from the distal port of the swan, you see a wedge trace. Even with the balloon down. The line has migrated inwards for some reason – sometimes they stretch out a little as they warm up inside the patient. It will definitely have to be pulled back – notify the team immediately, as this can produce tissue death in the lung. 

29- What do they mean when they talk about “right-sided” or “left-sided” pressures?

“Right – sided” means the RA and RV – “left-sided”: well – you know!  A little better explanation might say that the “right side” is talking about the whole venous circulation, which leads to the RA and RV; the “left side” is everything leading back to (or from) to LA and LV, which is the “what” circulation? (Only one thing it can be.)

30-  Why does the patient need a stat chest x-ray after the swan goes in?

Even though the pressure waves may tell a clear tale, you need to be visually sure that the line is in the right place. It might be too far into the patient, for example – you wouldn’t know without a film.   


Here’s a really nice image of a PA line in good position. 

Remember: if you’re looking at these images online, or on your own computer, you can easily make these pictures bigger and easier to look at: click the image, then click and hold on a corner, then move the mouse away from the picture. Then let go. So cool! You can leave it that way, or hit the back arrow in Word to make it go back…

    ICU nurses: what’s this? (Easy one…)
http://www.vasilev.com/medinter/files/images/rbm011.jpg

Sometimes they go into a different pulmonary artery.They still work, but it looks strange. This one is a little hard to see – try grabbing the image and making it bigger…

http://www.med.virginia.edu/med-ed/rad/chest/line_q1a.htm 

31- Can I use the PA line before the x-ray is read?

No.  Hospital  policy.  Unless it’s a code.  Use the blue port to push meds – it supposedly gives the best mixing with blood going into the RV.

32-  How do I make sure the line doesn’t get pulled out?

First, apply an occlusive dressing in the regulation manner. Then what I do is to coil up the outer part of the catheter in large loops, and flag it to the patient’s shoulder (not the johnny!) with a big tegaderm. The johnny may get yanked off the patient for some reason, but her arm won’t!


Flagged to the shoulder…another happy PA-line recipient!

http://www.happybeagle.com/shelby-hospital/neck-detail.jpg
33-  What is the clear wrinkly tube thing for?

The clear wrinkly thing is called the “sheath” – it keeps part of the swan line sterile so that it can be advanced further into the patient if need be. Policy is: this can only be done for the first 24 hours after the line goes in.

34-  What is the aluminum clippy thing with the sponge for?

The clippy thing is supposed to get clamped around the end of the clear sheath further away from the patient. Mostly it gets chucked out – I like to put a tegaderm around that end of the sheath anyway,because I worry about air getting pulled inwards through there. I may worry too much, but that’s what happens when you get old in the ICU. 

35-  Why is it important to put on an “air-occlusive” dressing?

The goal here is to prevent air from entering the patient at the insertion site. Central venous pressures can actually go negative (read: they make a suction) when the patient inspires forcefully – this could suck a whole bunch of air into them – bad!

Reading the Numbers

36- Okay, the PA line is in, and the x-ray is read. How do I interpret the numbers?
The first set of numbers that you see – the way we set it up, they’ll be yellow – are the PA numbers, systolic and diastolic. These reflect the“ambient” or “all around and in every direction” pressures inside the lungs. If these numbers are low, chances are the patient is dry.

High, and the patient may be overhydrated. Very high – maybe pulmonary hypertension. There are lots of interpretations that can be made – just try to get used to getting accurate numbers in the beginning. Learn to quickly level and zero the line, set up the monitor properly, get used to the procedure itself – you can learn to argue with the docs later!

37- How should I wedge the line?

Carefully - wedge the line very gently with the syringe. Only insert enough air to produce a wedge tracing, and no more, since you’ll only be forcing the balloon to inflate harder against the walls of the PA. Ideally it should take about a cc of air to do this – less, and the catheter may be too far in. More, and it may not be in far enough. The PA walls narrow quickly as you go farther into the lung, and it’s easy to over-inflate, which can injure the arterial walls. Inflate only long enough to read the wave.

38-  What is “overwedged”?

 “Overwedged” refers to how the wedge trace looks often if the balloon overinflates against the walls of the PA. The trace begins to rise upward, becoming less wavelike and more linelike – you’ll see this sometimes. Deflate the balloon and talk to the team about the line position – if this is happening with only a little bit of air, say half a cc, the line may be too far in.

39-  What if I lose the syringe – can I use another one? 

You can, but remember that the original syringe is made so that you can only push in about 1.5 cc and no more – it’s got a stop built into the plastic of the barrel. If you switch syringes for some reason, be extremely careful of how much air you are using to inflate the balloon. 

40-  What should I do with the syringe when I’m not using it?

Some people let the balloon deflate and then lock the hub- there’s a little locking hub that they use to keep the balloon inflated while feeding the catheter along into the patient - leaving the air in the syringe.

I don’t like this myself – what if the hub were to unlock for some stupid unforeseeable reason – then if the patient rolled over on the syringe, the balloon might get inflated, and stay that way.  I like to take the syringe off the open hub, which guarantees that the balloon is down, and then reattach the syringe empty. That way the air can’t get accidentally pushed into the balloon. 

So: is this hub open or closed to the balloon?

http://www.irisoft-medi.ru/Products/sg_monitor.htm 

41-  How often should I wedge the line?

There are times when I wedge the line every hour. Patients who are “moving”, or “doing something” (I love technical language) – in other words, actively working their way through some change in their hemodynamic state – will often show important changes from hour to hour. In the case of an ischemic/anginal episode for example, the wedge number might double in the space of ten minutes – and go back down as you treat the patient over the next hour or so. Or maybe not. It depends. Learning how to use a swan as a tool is something that comes with training and experience. In a stable situation I would wedge the swan every couple of hours. Depending.

42- How do I read the CVP?

Read the CVP (and the wedge) by using the cursor built into the monitor. Remember to read at end-expiration. Try this: if your patient isn’t tubed, and is alert (seems rare in our ICU, doesn’t it?), you can try asking him to hold his breath, just for a couple of seconds, at the end of expiration – a funny feeling if you try it. “Breathe all the way out normally, but then just wait a couple of seconds before taking a breath.” 

This lets the waveform settle out smoothly without any respiratory variation at all. Get bedside help with this if you have a question, and remember: even the senior staff are always asking each other to check their readings. Humility is a virtue. Two heads are always better than one. (“Why does she always look at me as if I had two heads?”)

43- How do I do a cardiac output?

The idea here is that you are using two of the ports on the swan- one in the RA, and the distal one, which is further “downstream”. There is a little temperature sensor built into the tip of the swan where the balloon is, and it measures the ambient blood temperature around it continuously. If you inject NS at a cooler, measured temperature into the RA, then the temperature of the blood flowing by the sensor will change, because the blood passing by has been diluted some by the cooler water that has been injected. Suppose you are sitting by the bank of a stream, and your feet are in the nice warm summertime water. Suddenly about a hundred feet upstream someone dumps in say, 20 gallons of ice water. You’d notice! Same way with the swan. The time it takes for the cold injectate to pass the sensor is measured by the computer in the monitor, and it comes up with a cardiac output number, measured in liters of blood pumped per minute. You should shoot at least three times, with a firm steady pressure on the syringe. The monitor will average the numbers for you. This is called doing cardiac output by “thermodilution” – there’s another way, called the Fick output, which we’ll look at a couple of questions further along.

44- Why do we delete the previous outputs?
 We delete the previous numbers because we don’t want them averaged into the ones that we’re shooting now – if the patient’s condition has changed, then the new numbers will be mixed up with the old ones, and won’t be specific for the situation the patient is in now.

45- How many should I do?
 I always shoot at least three.

46- What if the numbers make no sense?

Lots of things in life are like that… Sometimes you get weird readings – very high, or low – in that case I do five, throw out the highest and lowest ones, and average the three that are left. You have to consider that sometimes the equipment doesn’t work properly – check with a co-worker, or try talking with biomedical engineering. Let the team know if you’re not getting meaningful numbers!

47- What is the difference between cardiac output and cardiac index?

Cardiac index is a “size-adjusted” form of cardiac output.. A measured CO of 4 liters/minute in a 100lb woman is not going to mean the same thing as that same number measured in a 300 lb man. Or vice versa. The cardiac index includes a correction for how big the person is, so the number stays meaningful from one person to the next. Like running mikes/kg/minute using pressors, instead of running straight drips – it takes the size of the patient into account. Normal is 2.5 – 4.5 liters/m2 of BSA.

48- What is BSA?

Body Surface Area is the number entered into the equation to derive cardiac index from cardiac output – it’s the number that tells the computer how big the patient is. To get the number you need the patient’s height and weight, and then either the computer in the monitor will calculate the number for you, or you can futz around with nomogram diagrams and have all kinds of geeky fun.

49-  What is SVR?

Remember “Pump, Volume, and (Arterial) Squeeze”: the three parts of a blood pressure? Cardiac output/index was “pump”, right? This one is “squeeze”. Systemic Vascular Resistance is the number that tells you how tight the arterial system is. (This is also the definition of afterload.) High is tight, low is loose. Normal is around 1000 (rounding off to make things easy) - a septic low might be 300, a cardiogenic high might be 2000. 

50-  What is SV?

This one, along with CVP and PCW is “volume”. Stroke volume – how much blood in cc’s is pumped with each systolic contraction. Easy – divide the cardiac output (liters pumped in one minute) by the heart rate. Low is empty, high is full. Low can also mean that the pump isn’t pumping well…Normal is 60-90cc/beat.

51- What are the classic patterns of numbers for different situations, like sepsis, or cardiogenic shock?

We talked about these way earlier on, and I want to take another look at them again here. These should become absolutely crystal-clear in your mind. Remember the three parts of a blood pressure? The way to think about it is: where’s the problem? 

Sepsis:

In sepsis, the problem stems from the fact that the arterial system is being poisoned, and dilated, by bacterial endotoxins – so the arteries loosen up (unsqueeze), and the SVR goes down, along with blood pressure. The only reflex that the body has available to compensate – to try to keep up the blood pressure- is by using the heart, which pumps both harder and faster. So cardiac output goes up, and heart rate goes up. 

So in sepsis: SVR down, CO (and CI) and heart rate up, and SV usually goes up. This last part doesn’t seem to make sense though, because now that the arteries are dilated, the circulating volume that used to fill them up quite nicely, thank you, isn’t enough any more. So wedge and CVP usually both go down, and you’d think that the SV would, too.

An example: CO/ CI/ SVR/ PCW/ CVP might look like: 12.4/ 3.6/ 325/ 6/ 4 – where the corresponding normals might look like: 4.5/ 2.1/ 1045/12/ 8. Why does the SV go up?

Cardiogenic shock:

In cardiogenic shock, the mechanism works in almost precisely the opposite way. Again: where’s the problem? This time, it’s not the arterial system  – this time it’s the pump that isn’t pumping. So this time it’s the cardiac output that goes down. So – what reflex can the body use to fix the low blood pressure that results? Tighten up the arteries! Just the reverse of sepsis. So in this case, SVR goes way up. An example using the same order of numbers as above might be: 2.0/ 1.1/ 2050/ 22/ 12. This time the output and index are down, and the SVR is way up – again, the body is doing this because it’s the only thing it knows to do in this situation. The wedge pressure is very high, indicating that the LV is having a hard time emptying itself. Again, in cardiogenic shock: CO/CI down, SVR up. 

Bear in mind that things can always fool you to some degree. Run your numbers past another co-worker, and the team, and get lots of practice thinking about how the numbers reflect different shock states.

Puzzler:

Or maybe not even shock states: here’s a puzzler we saw a week or so ago. A patient comes to the unit postop after a nephrectomy, with a history significant mainly for having an EF of about 15-20% - low, in other words. He had a cardiac output of  3, index about 1.8, SVR 2000. The man had been treated intra-operatively with only red cells for volume, because the surgeons thought he was going to lose a lot of blood during surgery.  So he comes to the unit with his swan in place, and he’s tachycardic to the 120’s, his blood pressure is around 85 systolic, his wedge is around 16, and his CVP was about 10. What exactly is going on here? 

Well, his pressure is low, that’s for sure. He’s tachycardic, as though he might be septic. But he’s not hot, nor does he seem dilated arterially, as his SVR is 2000.  And he seems maybe fluid overloaded, because his wedge is so high. So… hmm - a mixed-up picture.

Actually, the key here is the history of low EF. This patient’s LV doesn’t pump very well, even at baseline. An LV with low pumping ability doesn’t contract effectively – the walls move in and out only a little with each contraction - and it needs to be kept nice and full to empty itself as a result. (This is called “needing a high filling pressure.”) A clue might be how much urine the man made during the case – probably hardly any. The doctors didn’t want to throw a lot of IV fluid at the man with a low EF, because they didn’t want him getting into CHF – which was smart. So they only gave him red cells. But they maybe they forgot something – after belly surgery, patients wind up effusing lots of fluid into the abdomen. Liters and liters. But he didn’t have enough water component in his blood to do that and keep his blood pressure up.

This man is “dry”. (Did you notice that we’d left out one of the shock states? This is actually a “trick question” puzzler – the third shock state that we see in the MICU besides sepsis and cardiogenic is, rarely, hypovolemia.) He’s tachycardic for the same reason that a septic person is tachycardic – there isn’t enough circulating volume in the arteries to pump around – except that it’s not because he’s dilated, it’s because he’s dry. The anesthesiologist maybe should have hydrated the patient somewhat, intraoperatively. The high wedge pressure is a false clue – the man probably walks around with a wedge pressure of 18-20, and needs it, because his heart contracts poorly. And so the medical team, maybe inexperienced  with postop major belly case management, looked at the lowish cardiac output, high wedge, and high SVR, and decided, quite logically, that the man was probably having a big heart attack (he’d had them before), and was in cardiogenic shock. Although he didn’t have EKG changes. The other clue here is the tachycardia (and maybe somebody should’ve asked how much urine the patient made during the case.) Usually people have a reason to be tachy – they’re hot, or agitated, or dry. Or possibly ischemic, which fits in with the heart attack theory. But experienced eyes might’ve noticed that with his history, and not much urine output, and the belly surgery, and the weird cardiac numbers – “dry” is not uncommon, postop, especially as patients warm up after being in the cold OR for hours- they dilate, and their BP falls until they are rehydrated.

So things are not always straightforward, and it takes time to learn how to apply the information. Always ask around for opinions on what you think is going on, and study up!

Using the ports
52- Which port should I use for what?

· Yellow port: use this one for monitoring the PA pressures and  wedge – that’s what it’s there for. 

· Blue port: use for monitoring CVP, for giving intermittent meds like antibiotics, and for IV push meds like Lasix. Do not use this port for vasoactive infusions! Someone might come along and hang a med for you, or someone might do a cardiac output through the line. The blue port is also the one to use for pushing drugs in a code, the thought being that it allows for the best mixing with central venous blood.

· White and purple ports – use these for continuous infusions of fluid, meds, whatever you need. It’s always a good idea to save one for TPN – flag it!

53- Can I infuse things through the distal PA port?

No. This is a strict policy. Unless it’s a code, and there’s absolutely nowhere else.

54- What goes through the CVP port?

As above – intermittent and push meds only. 

55- Can I use the PA line for TPN?

Yes – we use the purple or white “VIP” ports for this.

56- Can I do blood draws from the PA line?

Yes. Draw off the blue CVP port, and discard the first 5cc. You might want to stop a TPN infusion if it was running through the white port, since it would contaminate your chems: you might get back a K+ of 10, or glucose of 1200! Confusing.

57- What is a Fick output, and how do I do one?
Such an unfortunate name. This is another way of doing a cardiac output, which you might use if you have a reason not to believe your thermodilution output numbers.  What you do is to draw two blood gas specs at the same time: one from the arterial line, and the other from the distal port of the PA. This is the only time you ever draw off the distal PA port.   Mark the specs clearly : the first one is “arterial”, and “mixed venous” for the one from the PA port. Remember to write “add calculated O2 sat” on both slips, and send them off together. When the results come back, you can use a formula in the clinical references section of the unit’s computers to figure out the cardiac output: at the clinical references screen, enter Fick in the search box. Click on the blue link that comes up, and you’ll see a screen where you can enter the sat numbers, along with a recent hemoglobin– then hit the button and out comes a cardiac output. You might do this if the patient has TR – tricuspid regurgitation – because then the normally smooth flow of blood from RA, to RV, to PA is confused by the valve problems. 


Adolph Fick: 1829-1901. Unfortunate name. Sadly, as it turns out, it does mean what you think it does, over there in Germany…hmm. I wonder if he did research on…nah.

http://www.corrosion-doctors.org/Biographies/FickBio.htm
Bad Things That Can Happen
58 and 59- What do I have to worry about when the line is going in? How can I tell if those things are happening?

· During the introducer insertion, the doctors could line up the carotid artery instead of the jugular vein – this will probably be obvious unless the patient is extremely hypoxic (dark blood) or hypotensive (not pulsatile). One way to check would be to hook up your transducer: even if the patient is hypotensive, the pressure in one of the great veins isn’t going to be 60 systolic…the only thing to do is to pull the line, and start over after appropriately compressing the site. You might draw a blood gas if you needed one…Know your patient’s coags and platelet count (and make sure the team knows) ahead of time!

· Any procedure associating the neck or chest with a long finder needle can cause a pneumothorax. This may not be immediately obvious, but should show up on the x-ray that you get after the line is in. Treatment would probably involve a chest tube. If the patient became unstable, what might be done before that could happen?

· The patient might have short (or long!) runs of VT as the PA tip passes through the RV. Try to make sure that electrolytes are normalized before the line goes in.

· Advancing the line too far can perforate the pulmonary artery. I’ve only ever seen this happen once in 21 ICU years.  It’s frightening – the patient immediately begins to cough up large amounts of bright red blood. Probably the thing to do would be to get the person intubated, keep her airway clear of clots, and then have a thoracic or pulmonary person use a flexible bronchoscope to insert a fogarty balloon into the affected lobe through the trachea, inflated, and left in place. Then a trip to angio might be in order, to try to plug the leak from inside the vessel. 

60-  What do I do if the line is stuck in wedge?

The line needs to be pulled back. The team needs to do this promptly, because the patient is at risk for perforation or tissue infarct. Interns usually do not do this procedure. Juniors can do this, but with great caution, and probably ought to have a senior around. 

61-  What if the line inadvertently pulls back to the RV?

Flagged it to the patient’s shirt, did ya?  If the line does slip back to RV, you’ll need to know what the difference is in the waveform. You are responsible for knowing where your patient’s PA catheter is positioned. It will either need to be re-advanced into the PA, or pulled back to the CVP position. The line can only be advanced if it’s been in less than 24 hours, and the clear sheath must be in place.  Monitor carefully for VT! This is a critical situation. Again, a junior/senior procedure.

What you can do: inflate the balloon. It may float back into the PA…but won’t wedge. Not a permanent fix.

62- What if the line gets pulled all the way out?

If the line is all the way out, (and the introducer is still in place), cover the insertion diaphragm with tegaderm to prevent a possible air embolus. Assess the patient. Notify the team immediately.  Has the patient lost a pressor infusion through one of the ports? Swap to the introducer. Stay with the patient until the team has a chance to assess with you. 

63- Why do they pull the line “back to CVP”?
Sometimes the swan gets inadvertently pulled back to RV after the 24 hour repositioning limit has gone by. The line then has to be removed. If you need a port for infusion, the line can be left with the distal port in the RA – in this case you would change the transducer setup,  because the RA ports would not be usable any more – they’d probably be outside the skin – cap them and flag them “Do not use”. The only port left working now is the distal one – so the yellow port now becomes your CVP, and you’re working with one transducer instead of two. This line should be taken out. If necessary, a triple-lumen can be inserted in it’s place, but it may not work well if it’s own ports open up within the introducer. 

64- What should I do with the ports and the transducers if the line is pulled back to CVP?

As above: cap them, and flag them appropriately. Disconnect the old CVP transducer, since the distal port is now at the CVP.

65- What if the balloon ruptures?

That would be a bad thing. Not only would you then be left with an unusable swan, but the patient would be at risk for an air embolus entering through the inflation line. 

66-  How do I know if that has happened?

Blood would show up in the syringe. Cap and flag the inflation port, and notify the team immediately. If the patient still needs a swan, a new one may have to get floated in.

Taking the Line Out

67- How do we know when the PA line needs to come out?

Pulling a swan is always a judgment call. If the patient has stabilized and doesn’t need the numbers any more – they may still need the access for meds. Can the site be rewired for a quad port central line? (Why don’t they just go ahead and make a 12-lumen central line already?)

The last time I looked, the rule was that all central lines were supposed to come out within seven days of being put in. Obviously this doesn’t always happen, but that’s the guideline. Sometimes patients are sick enough that another swan has to replace the one that’s being pulled. If a central line has to come out because of a temperature spike, think carefully with the team about whether the same site can be rewired for a new line, or whether the patient needs a new stick altogether. Also, remember that it is your responsibility to maintain access for critical meds like pressors. You may have to remind the team of this before they enthusiastically remove your only central access! If no other access is possible, then the line may just have to stay in for the time being.

68- Who takes it out?
Usually a house officer will remove a swan. Nurses can be certified to do swan removals, but you need to do three under supervision, which can be hard to come by. 

69- How do I get certified to take out PA lines?

Speak to the CNS, and you can start collecting the experience that you need – you need to document the process as it goes along.

70- What should I look for on the x-ray before I pull a swan?

You want to make sure that the line isn’t kinked or knotted – yes, it does happen! There may be other things to think about, since I haven’t done this myself, so be sure to follow up carefully with the CNS.

71- Should I culture the tip?

I would definitely culture the tip of any central line that I remove from any patient.

Here’s a comment from a correspondent on this, “DocVoc”:

Nice site. Have a question/clarification on culturing PA lines. I think it depends upon the setting. For example, in a medical intensive care unit, or even a surgical intensive care unit, and when the line has been in for say, > that 24-48 hours, it may well be good practice and policy to have it cultured. However, say in an Open Heart Setting, where the patient has had that sucker in only in surgery and the immediate post-op period--say 16-24 hours or so: no, the PA line would not necessarily need to be cultured. Of course there are individual particulars that need to be considered even in that situation. A successful, straight-forward OHS patient who has stabilized, and may even have CT's d/c'd etc, and is well on his way out of the OH unit, may not need to incur the expense of this test. Of course, again it may depend on the individual particulars.

72- Now that the line is out, can air get into the patient through the black diaphragm thing in the introducer?

Yes! This is something that people forget about. You should immediately cover the opening of the diaphragm with something air-occlusive (tegaderm is perfect).

73 - What is an obturator?

An obturator is a plastic piece that is fed into the place through the diaphragm where the swan used to be. It’s the same length as the introducer, and the top of it screws onto the introducer hub where the clear sheath would. It’s designed by the manufacturer to seal up the hub diaphragm and prevent air from entering the patient.

74- Can I put in an obturator?

The last time I went over this with our previous CNS, the answer was yes. As always, re-check to make sure this is correct. A tegaderm should serve well to seal the opening if this can’t be done.

