






The first one, the thrombogram is again, measurement of thrombin generation in 
plasma, reagents that you add to the sample contain phospholipin tissue factor and 
a fluorogenic thrombin substrate. The test measures what’s called the enogenous
thrombin potential or ETP and this corresponds to the area underneath the curve 
generated by the printout shown above.
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The TEG is a slightly different test. TEG’s have been around for a long, long time, 
as many of you know, but haven’t found their way into hemophilia until more 
recently.

The concept here is that you have a metal cup into which you place whole blood. 
Suspended in the blood is a metal pin which attached to a torsion wire which is 
attached to a sensor on a computer and the idea here is that the cup starts to rotate 
back and forth. As a clot forms in the cup, there is physical connection between the 
sidewall of the cup and the metal pin suspended within the blood and when the clot 
starts to attach those two together, the pin starts to rotate back and forth. The result 
of that is transmitted through the torsion wire and what you get is a printout which 
you can see in the bottom panel there. The next slide shows a little bit bigger 
example. So this is really a visual depiction of the formation of a clot in that cup.
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The variety of things that you can look at in terms of understanding what’s going on, 
the ones I’d like to draw your attention to are what we call the R time, which is the 
time from the beginning of the test until clot starts to form. 

So the first instant that the pin suspended in the cup starts to move back and forth, 
that means there’s been some attachment between it and the sidewall. That’s when 
the clot starts to form and, I just want to point out, that this is essentially the 
endpoint of the standard coagulation assays, the INR and the PTT. So these other 
tests don’t really give us any idea about what’s happening after this point.

The second thing to draw your attention to is the angle. This is essentially the speed 
with which clot is generated or propagated within the cup and then the maximum 
amplitudes is the third thing that is the height of the curve and this really represents 
reflection of clot strength.
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And so, just some examples here; this is a normal TEG tracing.
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For comparison, here’s a patient with severe hemophilia. So what we 
characteristically see in these patients is a severely delayed clot initiation, very slow 
generation or propagation of the clot and overall clot that’s very weak in strength.
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If you treat patients with bypassing agents and look at TEGs before and after, you 
can find tracings that look like this. Here’s an example of a patient who clinically 
responds well to recombinant factor VIIa, you can see the baseline TEG tracing on 
the top panel; the bottom panel showing essentially normalization of the TEG profile 
after infusion of a larger dose of recombinant factor VIIa.

In fact, the maximum amplitude in this patient is actually greater than normal, so this 
could perhaps suggest that this patient might have a little too much hemostasis 
going on.
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Similarly, if you look at prothrombin complex concentrates, this is an example of 
another patient who clinically responds well to PCCs. The baseline tracing shown 
above looking very similar to the previous example and then after infusion of a 
standard dose of prothrombin complex concentrate. We see that in this example, 
the TEG looks much more normal, although there still is a delayed time for initiation 
of clotting so that R time is still significantly abnormal in this patient.
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So, one of the problems with using these sorts of tests in clinical practices is there’s 
tremendous variability from patient to patient and from lab to lab. In the last 5 years, 
over a 100 papers have been published on the topic of thrombin generation assays 
in hemophilia and there are several studies that have shown some encouraging, 
both in vitro and ex vivo results but we continue to struggle with a large intra and 
inter patient variability, lack of standardization, lack of wide availability of these 
assays and these are only the things that have really hindered the broad clinical 
implementation of these assays in our practiceimplementation of these assays in our practice.

However, I think there may be some beginnings, at least, of some encouraging 
results seen in the literature and certainly with our own experience in our center that 
perhaps these assays although they may no be suitable for widespread use across 
the board in a standardized way, we may be able to use these assays to tailor 
individual treatment plans.

I’d lik t d th l t f lid j t i i l f i th lit tI’d like to spend the last few slides just reviewing a couple of papers in the literature 
that have done this and then a brief example at the end of an example from our own 
center.
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This is a paper that was pre-published online just a couple of months ago. What 
they did in this study is to prospectively evaluate both, the biological and the clinical 
efficacy of bypassing agents using thrombin generation testing. They have 6 
patients with severe hemophilia A and high titer inhibitors who are in need of some 
surgical procedure. The goal of this was to really tailor the treatment around the 
time of the procedure based on the results of in vitro spiking experiments in which 
they used varying concentrations of the two bypassing agents available to see 
which agent and which dose gave maximum correction or normalization of thewhich agent and which dose gave maximum correction or normalization of the 
thrombin generation test.

Once that was determined, the second step was an ex vivo confirmation step in 
which the dose that was identified from the in vitro experiments was given to the 
patient and they did thrombin generation testing before and after to verify that 
indeed, ex vivo that we do see maximum correction of the thrombin generation test. 
Based on that, these patients went on to have the surgical procedure and then theyBased on that, these patients went on to have the surgical procedure and then they 
assessed the hemostatic efficacy of the agent selected.
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The second slide shows the results, the 6 patients are listed there. The second 
l ll th h th li i l hi t d I i ti t licolumn really goes through the clinical history and as I was pointing out earlier, 

there is variable response to these agents from patient to patient. Patient 1, for 
example, was known to have a poor response to prothrombin complex concentrate 
and a fairly weak but better response to recombinant factor VIIa.
Patients 2 and 3 were known to respond well to prothrombin complex concentrates 
and so on. You can see for yourself that there’s variability. The third column shows 
the bypassing agent that was selected and the dose that was selected and this is 
based on the results of the in vitro testing. If you look there at the drug that ranked 
best in the in vitro testing, it correlates with the clinical history.
The second step, which is the ex vivo confirmation is reflected in the next to last 
column which is labeled ETP. This measures, again, after giving the dose of the 
bypassing agent identified as optimal from the in vitro experiments, the ability of that 
drug and that dose to correct the endogynous thrombin potential. And you can see 
that 4 of the 6 patients had normalization of that profile and if you look at the last p p y
column and look at surgical outcomes, when these patients are treated, what they 
found in vitro and ex vivo was reflected in what they saw clinically.
So, the two patients that had poor correction of their endogynous thrombin potential 
actually, one had such lousy response they decided not to even use the bypassing 
agent for the surgery. The other patient, unfortunately, had excessive bleeding and 
actually died of hemorrhage following surgery. The other 4 patients who had at least 
encouraging in vitro and ex vivo results went on to have good surgical outcomesencouraging in vitro and ex vivo results went on to have good surgical outcomes.
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The second paper, this was actually published 4 years ago by Guy Young’s group. A 
similar approach, so they had 3 patients that had advanced joint disease and very 
frequent bleeding and they were really struggling in trying to understand how to 
better treat these patients and so they looked at the TEG as a way to try to 
understand how to dose these bypassing agents better in these patients to try to 
improve their clinical outcome.

You can see the patients were young men with, two with hemophilia A and 1 with 
hemophilia B.
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This is patient 1. This patient was known to really not respond very well to 
recombinant factor VII but to have a pretty decent response to prothrombin complex 
concentrate. The table here shows the results of the 3 TEG parameters that I 
reviewed earlier, the R time, the angle and the maximum amplitude. The normal 
ranges are shown across the top row.

At baseline, the patient essentially had no thrombin generation as measured by this 
assay. Following a dose of recombinant factor VIIa, there really wasn’t any 
response and that’s reflected in the third row. Fifteen minutes after a dose of 
prothrombin complex concentrate, you can see that the TEG parameters listed 
corrected to essentially normal. Four hours later, repeat testing showed that there 
was still better than baseline but the normalization of the TEG profile in this patient 
was being lost, particularly with regard to the R time and the angle.

They next went on to give this patient a dose of factor VIIa following the dose of 
th bi l t t Wh t th i th l t i th tprothrombin complex concentrate. What you can see there in the last row, is that 

the TEG parameters corrected even better and so this patient went on to have a 
new treatment regimen which consisted of prothrombin complex concentrate 
followed by recombinant factor VIIa if the bleed was initially unresponsive. After 
doing this for some length of time, they reported that this patient had more rapid 
resolution of his bleeding events, fewer hospitalizations and significantly improved 
quality of life.q y

So this is an example of using the TEG as a way to tailor the therapy to treat this 
patient’s bleeding episodes.
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The second two patients, briefly represented in this slide, both of these guys were 
known to respond well to VIIa and to prothrombin complex concentrates but they 
were using excessive amounts of factor. So they used the TEG studies to try to 
tailor the dose, try to find the dosing interval, dosing amount and dosing interval that 
resulted in maximum normalization of the TEG parameters. With that, they 
developed a modified treatment schedule and for both of these patients, they were 
able to demonstrate significant reduction in the factor utilization, fewer 
hospitalizations and shorter length of stayhospitalizations and shorter length of stay.

So, again, another example of how we might be able to use these thrombin 
generation assays to tailor our treatment approach to individual patients.
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Lastly, I will just share with you an example from our center where we do essentially 
the same thing. This is a 28 year old we’ve known for a long time. He has severe 
hemophilia A, high titer inhibitor, he’d failed in the intolerance previously and 
clinically, this patient really had variable success to both, prothrombin complex 
concentrates and recombinant factor VIIa. Looking back through his charts and 
talking with him, it was very difficult to get a clear sense of what agent seemed to 
work best for him in various situations.

He underwent 2 knee replacements.  The first was done in April 2005 on the left 
side. The photo that I’m showing here was taken just before the March 2007 right 
knee replacement. Both of those procedures were done using immuno absorption to 
first remove his antibody to allow us to use factor VIII, at least in the initial 
preoperative period and, again, the reason that we did that is because that he is 
poor in variable response to the bypassing agents.

B th f th i lth h i iti ll f l f h t ti t d i tBoth of those surgeries, although initially successful from a hemostatic standpoint, 
were complicated by delayed post operative bleeding and we ultimately ended up 
going to sequential therapy with prothrombin complex concentrate and recombinant 
factor VIIa in both of the knee replacements in order to achieve hemostasis.
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Then he shows up with this x-ray.

His right hip is totally shot. This x-ray was taken about a year and a half ago.  He’s 
really exhausted all other approaches and so he really was felt to need a hip 
replacement.
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And the problem is the columns that we use to absorb out the antibodies were no 
longer available in the US so we couldn’t go with the approach that we went with the 
knee replacements. Because of his variable response to the bypassing agents I was 
really struggling to figure out how we were going to treat him in the perioperative
period. So we looked at his TEG profile and we spent some time doing a variety of 
things with different doses of the two bypassing agents and basically, trying to 
identify what route of administration of which product and what dose would result in 
the maximum correction of his TEGthe maximum correction of his TEG.

And from that we essentially settled on a specific regimen using recombinant factor 
VIIa. We took him to surgery, he had almost no blood loss and really a completely 
uncomplicated post operative course. He went on to post op day 7 with no 
complications and extremely satisfied with the outcome.
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Here are his TEG tracings, the black line is his baseline which is typical of the 
previous examples that I showed you. What we found in this particular patient is that 
with just standard doses of recombinant factor VIIa, we didn’t get complete 
correction until he’d had several doses in a row and so the green tracing shows 
what it looks like after just one dose and after two additional doses given two hours 
apart of the standard 90 mcgs per kilo amount. We found that was what it took to 
get the TEG to look as normal as possible. So our strategy for surgery was to give 
him an initial dose of 180 mcgs per kilo followed by 90 mcgs per kilo every 2 hourshim an initial dose of 180 mcgs per kilo followed by 90 mcgs per kilo every 2 hours. 
We didn’t start the surgery until he’d had the third dose administered. So we took 
him to surgery with what we felt was the best hemostasis we could achieve, at least 
based on what the TEG showed us. Fortunately, the surgery was very successful.

So this is, again, another example of using thrombin generation assays to try to 
tailor individual treatment for specific patients.
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In summary, again, as the other speakers have presented, these procedures can be 
safely performed in hemophilia patients, even those with inhibitors but we really 
don’t have good data to guide in an evidence based way. So we’re still feeling our 
way through this, the protocols that are out there are based largely on clinical 
experience and opinion and some anecdotal experience. I think we just need to be 
very diligent about continuing to collect these patients and talk with each other and 
try to come up with the best protocols available based on our experience.

The thrombin generation assays available may, in fact, be useful, although I think 
right now, we’re still at the stage of being unable to apply these in a broad way but 
perhaps we can use them in an individual way to tailor our treatments with specific 
patients. Regardless of how we do this, I’ll just reiterate for the third time, as the 
other speakers have, that doing this really does require an experienced center and 
a multi-disciplinary team approach with physicians, both from orthopedics and 
hematology. We need the help of our lab colleagues if we’re going to do thesehematology. We need the help of our lab colleagues if we re going to do these 
assays, we need nursing support, physiotherapists and so on.

So, this is something that can be done but does require a great deal of expertise 
and certainly, a great deal of teamwork and coordination.
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Dr. Reding-

For the patient that I showed, the third example, because of his inhibitor status, we 
elected not to use pharmacologic VT prophylaxis, we just gave him mechanical 
prophylaxis.
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Dr. Reding-

So the question is in non-inhibitor patients. In our center we use continuous infusion 
of both, factor VIII and factor IX and so, we generally check levels after the initial 
bolus to make sure they’re going into surgery with a decent level. We’ll check the 
level when they come out of surgery in the recovery room. We often find the levels 
are a bit lower because there’s been some consumption during the case itself and if 
things look good, then we’ll just check the level daily.

We do use the factor level although certainly, a normal PTT would be a surrogate 
for a normal factor level. We generally try to keep the level between 80% and 100% 
for the first 3 to 5 days, kind of depending on how things are going, depending on 
the nature of the surgery and then taper from there. That’s probably a bit more 
aggressive than it absolutely necessary but again, there aren’t any good evidence 
based guidelines to guide our therapy there.
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Dr. Reding-

Certainly with the von Willebrand patients, regardless of the subtype, we do pay 
close attention to both the von Willebrand factor levels and the factor VIII levels. It’s 
been our experience, certainly in the last couple of years, that these patients, similar 
to the ones that Dr. Ludlam described, do really experience very significant 
elevations in their factor levels. We often find that we have to give much less factor 
post operatively than we had anticipated because the levels go up very high and 
they stay high for a number of days following surgery.

We fortunately have not seen any thrombotic events although we don’t specifically 
look for them, we don’t do screening ultrasounds, and so there may be some 
distilled DVTs that we miss because we don’t look for them.
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Dr. Reding-

The majority of our patients have chronic hepatitis C and they have varying degrees 
of liver dysfunction. Some of these patients don’t have normal platelet counts at 
baseline although you have to clearly account that’s pretty decent, at least 80 or 
100 thousand to have the parameters look normal.

So it may be that some of the variability is due to those sorts of things, but really, 
there’s a lot more to it than that, and I don’t think we really understand what it is.there s a lot more to it than that, and I don t think we really understand what it is. 
Even from lab to lab, if you take the same sample and run it in my lab and 
somebody else’s lab, the results aren’t always the same.

So, this is very much in it’s infancy in terms of us understanding what’s going on. 
I’m not sure we have the best tests in use right now, there may be other tests that 
we need to develop to try to sort this out.
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Dr. Reding-

In our center, we haven’t routinely given pharmacologic VTE prophylaxis even in the 
non inhibitor patients. When we’ve done it, we tended to use low-molecular-weight 
heparin because that’s the standard, our approach has been when we’ve done it, to 
use whatever standard protocol would be in place for the procedure in a non-
hemophilia patient.

The point is well taken. Maybe that the use of unfractioned heparin would be safer.The point is well taken. Maybe that the use of unfractioned heparin would be safer.

Dr. Llinás-

One of the attractive issues of, fondaparinux with the exception of the longer half life 
is the fact that it has no anti IIa activity and it gives the surgeon a drier wound and 
this has been an issue in orthopedics for many years. So that’s one attractive issue 
because patients with hemophilia, by nature, already have very soupy, very wet 
wounds
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Dr. Llinás-

This is one of the big questions in joint arthroplasty and it’s been very difficult to 
demonstrate the association between laminar air flow and the diminution of the 
infection rate. We use laminar air flow in joint arthroplasties, especially in hip 
surgery, knees pose a very difficult challenge because the wound in the knee is 
exposed to the air. The flow hits the wound straight on and there’s discussion as to 
whether it actually increases the risk of infection in knees and then there’s the issue 
of whether it’s vertical laminar air flow or horizontal laminar air flow and it’s a very 
complex issue from a research point of view.

The short answer to your question is we do use laminar air flow in all of our joint 
arthroplasties, I think it’s a very important surrogate variable in your infection rates, 
but it is very difficult to demonstrate evidence based.
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Dr. Reding-

That is a huge concern for us. The way that we address that is to notify the lab 
ahead of time that we’re going to be sending a TEG down and to have it set up. We 
have one of our nurse coordinators actually go up to the floor and retrieve the 
sample and transport it to the lab directly and to try to avoid that variable. It’s far 
from perfect, but those are the sorts of things that we try to do to try to make it as 
uniform as possible from patient to patient.
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Dr. Llinás-

We stagger them one week and by doing so, we save about two weeks worth of 
concentrate. We don’t do them simultaneously because we are concerned about 
erratic behavior of the patient in the immediate post-op, whereas when you started 
that patient for a week, you’ve already mapped out that behavior and you can 
emulate what you did the week before and you can still save about two thirds of 
your cost in concentrate.

So I think staggering them one week is an intermediate approach, you get the best 
of both worlds.
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Dr. Reding-

That’s actually a good point. We haven’t yet done that, but certainly, from the 
perspectives that you outlined, I think that would make some sense.

Dr. Llinás-

We do do it and some groups actually do it routinely. In my experience, the ones g p y y y p
that do it more, in a more resolute way are the ones that work with the liver 
transplant and they have a liver transplant going on at the same time and they have 
this culture of using anti-fibrinolytics or the patients that have cardiac surgery. So we 
always go to surgery with our anesthesiologists who are in the liver transplant 
program, they are very close to coagulation in contrast to all of the other 
anesthesiologists who don’t have that clear idea.

So, yes we do and I think you have a point, that’s exactly the reason why we believe 
they bleed at that point. We also do tell the patients, you know, if you bleed, please 
don’t be disappointed, because they get so disappointed when they bleed one week 
out. They’re all really progressing and they bleed in a different manner because the 
capsule is open, so when they bleed, they bleed into the thigh, the calf, all over the 
place, it’s a different type of bleed and it’s very disabling, it takes about two weeks 
to go awayto go away.
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Dr. Reding-

I would say that, in general, we’re certainly much more comfortable using 
antifibrinolytic agents when we’re treating patients with recombinant factor VII. We 
generally don’t do it when we have a patient receiving prothrombin complex 
concentrates because of the perception, at least, that agents more thrombogenic.

This is certainly not evidence based. I think the practice varies widely, even within 
centers, we don’t do it the same every single time, so we probably can be morecenters, we don t do it the same every single time, so we probably can be more 
diligent in that regard.
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Dr. Reding-

We’ve used topical antifibrinolytic agents to treat wounds that were oozy, post op 
wounds that are oozing a little more than we’d like them to. We’ve had pretty good 
success with that, actually. It’s certainly not sort of, common place or widespread
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Dr. Llinás-

Yes, we are careful to instruct mothers to bring them back to us because the 
question is when we should bring them to the orthopedic surgeon. When a joint 
bleeds and it doesn’t return to normal between bleeds, that is a definition that 
parents can actually understand. So when we see a boy that is bleeding and you 
examine the joint and it is actually inflamed or puffy and you can feel the thickness 
of the sinovium, you specifically inquire about whether this joint goes to normal 
between bleeds. If the answer is no, then that is a candidate for radioactive 
synovectomy in our institution.

We do repeat the synovectomies up to 3 times. It is empirical but you can see, in 
more of the series that this has been done, you get a very good effect if the patient 
is at an early stage when you do it once. The patients who are in stage 3 for 
example, or in those patients where the thickness of the sinovium is large, would 

i titi Th f th t i th t f th i t lrequire a repetition. The reason for that is that many of the isotopes can only 
remove 3 to 5 mm of sinovium at a time and sometimes, the villi are a centimeter or 
more in length.

If we are not successful the third time, then that’s our indication for an arthroscopy 
and we would do an arthroscopic synovectomy and then the chances of being 
successful are, you know, the collective chance of those 3 interventions plus the 
arthroscopy are very very higharthroscopy are very, very high.
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