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PODCAST TRANSCRIPTION

Host: Welcome to the Anesthesiology journal podcast, 
an audio interview of study authors and editorialists. 

Dr. James P. Rathmell: Hello. I’m Jim Rathmell, Professor of Anes-
thesia at Harvard Medical School and one of the Executive Editors for 
Anesthesiology. You’re listening to an Anesthesiology podcast and 
we’ve designed this for physicians and scientists who are interested in the 
research that appears in our journal. 

Today we’re going to talk to the lead author of an original research 
article that appears in the August 2018 issue as well as the lead author of 
an editorial view that accompanies this new article. 

With us is Dr. Gianluca Cappelleri. Dr. Cappelleri is an Anes-
thesiologist in the Department of Anesthesia Intensive Care and Pain 
Therapy at the Santa Maria Nuova Hospital in Reggio Emilia, Italy and 
a prolific author of original research about regional anesthesia and nerve 
localization. He’s the lead author on an article entitled “Intraneural Ul-
trasound-guided Sciatic Nerve Block: Minimum Effective Volume and 
Electrophysiologic Effects.” 

Dr. Cappelleri, thank you for joining us. 

Dr. Gianluca Cappelleri:  Thank you. It’s a pleasure to be here. 

Dr. James P. Rathmell: Also with us today is Dr. Philipp Lirk. He’s an 
Associate Professor of Anesthesiology in the Department of Anesthesiol-
ogy Perioperative and Pain Medicine at Brigham and Women’s Hospital 
and Harvard Medical School in Boston, Massachusetts. Dr. Lirk is one 
of the authors of an editorial view that accompanies Dr. Cappelleri’s 
research article in the August issue and it’s titled “Intraneural Injection: 
Is the Jury Still Out?” 

In full disclosure to those listening, I’m a co-author on that edito-
rial with Dr. Lirk and he’s a colleague here in my own department. But 
I have to say that most of the work and the thoughts were Dr. Lirk’s. 

Dr. Lirk, welcome and thank you for joining the discussion today. 

Dr. Philipp Lirk: Thank you to you and Dr. Cappelleri. It’s a huge 
pleasure. 

Dr. James P. Rathmell: Dr. Cappelleri, congratulations on the publica-
tion of your work. Can you give our listeners some background about 
why you set out to do this study? I’m going to start by reading the first 
two lines of your introduction to stage this for listeners. 

You tell us that the best place to perform local anesthetic injec-
tion during an ultrasound-guided sciatic nerve block is an unresolved 
issue. Local anesthetic injection in the connective tissue, which is in-
side the epineurium and among the nerve fascicles, is usually defined 
as intraneural. Intraneural injection provides a faster onset and much 
greater success rate. But the safety of this technique still remains ques-
tionable. 

Can you walk us through your hypothesis that you were testing by 
doing this study and exactly what questions did you set out to answer? 

Dr. Gianluca Cappelleri:  In my mind, the study is the logical conse-
quence of the previous one in which we compared the subparaneural 
injection with the intraneural one and into a connective tissue inside 
the sciatic epineurium. In that study we expected to find a greater 
success with a shortened onset for intraneural injection as we (sounds 
like: rarely) found. And also to demonstrate that intraneural injection 
would be safe as the subparaneural one at the electrophysiological test. 

Unfortunately not only we found that patients receiving the in-
traneural injection had a significant reduction in model amplitude of 
action potential at five weeks, but unexpectedly also the patients who 
received the injection of the epineurium showed the same reduction. 

So, knowing the necessity of local anesthetics on nerve fibers, we 
supposed that reduction in total local anesthetic dose possible with the 
intraneural injection could lead to a reduction on the nerve axonal dam-
age. 

Dr. James P. Rathmell: So, you set out to determine the smallest effec-
tive volume of local anesthetic that would provide a complete sensory 
and motor block of the sciatic nerve when you performed this using an 
ultrasound-guided intraneural popliteal approach. 

And the second thing you did is you evaluated to see if there were 
any electrophysiologic changes of the nerves, these motor action poten-
tials, at five weeks and six months after the nerve blocks were conducted. 

Can you walk us through the study’s design? 

Dr. Gianluca Cappelleri: We performed and modified up-and-down 
approach to establish the minimum effective volume of the ropivacaine 
of 1% solution in 19% of patients. Practically, we started from 50 ml of 
anesthetic solution and if the block was effective, we randomized the fol-
lowing with patient, either to decrease the volume by 2 ml or to leave the 
same previous dose. This (sounds like: left the case) at a chance of about 
90%. Conversely, if the previous block was not effective, we increased 
the volume by 2 ml. 

Every patient performed the electrophysiological test in order to 
build a relationship between the administrated dose and the electro-
physiological results both at five weeks and six months. 

Dr. James P. Rathmell: So, I want to recap: you took 47 healthy pa-
tients, ASA I-II, and they got ultrasound-guided intraneural popliteal 
nerve blocks starting with 15 ml and then you used progressively smaller 
volumes until there was an ineffective block and then you went back up: 
this up-and-down method. 

You then, at baseline five weeks and six months after the blocks, 
you did electrophysiologic testing—these motor action potentials—and 
tested the amplitude, the latency and the nerve conduction velocity. 
What did you learn? 

Dr. Gianluca Cappelleri:  We found a significant reduction of the use-
ful total dose or the intraneural sciatic block. My suspect is that also 
the extraneural approaches could lead to similar consequences, a result 
in (XML) nerve damage regardless of the administrated dose. Only the 
action potential is affected while latency and velocity did not differ from 
baseline. 

Dr. James P. Rathmell: So, you achieved a 90% success rate with just 
6.6 ml of 1% ropivacaine using this approach; a very small volume of 
local anesthetic. But the amplitude of the action potential in those who 
received intraneural blocks remained significantly reduced, all the way 
out to six months. Despite the abnormal electrophysiologic test, none 
of those patients reported neurologic symptoms. What do you conclude 
from your findings?

Dr. Gianluca Cappelleri:  Yes. In my opinion, the resulted conclusion, 
we didn’t know enough about the effects of local anesthetics and the 
preferred nerve blocks on their tissue. By now, we need to investigate 
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whether the popliteal local anesthetic of the epineurium also leads to 
an inflammatory response as it has been already been demonstrated on 
animal studies for intraneural injection. 

After that, we could achieve it through different ways depending 
on the results. If we find a worse histological finding for intraneural in-
jection compared to the extraneural, of course, we must avoid it (sounds 
like: as it told up to now). Instead, if the electrophysiological deficient 
demonstrated for this subparaneural approach results, even in histo-
logical change, like too thin, the intraneural approach, we will get into 
trouble. 

We can’t ignore the more effectiveness of the intraneural approach 
anymore and we’ll need to find a way to share and how to perform an 
intraneural injection. And, of course, we need to investigate the real 
consequences of the axnol damage after peripheral nerve block. 

Dr. James P. Rathmell: Yes, really important work. So, tell me, from 
your perspective, what’s the take-home message for practicing anesthesi-
ologists? Do you think intraneural injections add any clinical advantages 
from what you know today? Are they safe from what you know today? 

Dr. Gianluca Cappelleri:  In my practice, I believe as well as in other 
European countries, I often perform a peripheral nerve block as a sole 
anesthetic technique. In this case an intraneural injection for sciatic 
nerve adds benefits in terms of success rate and effectiveness. 

But this technique is not common and requires expert hands and 
dedicated devices. Example, the pressure monitoring. Unfortunately I 
can say that it isn’t safe at the moment, but my opinion is that safety is 
surely worth to follow-up studies. 

Dr. James P. Rathmell: Yes, terrific advice. It seems like what you’re tell-
ing us today is you need expert hands to – and lots of expertise in using 
regional to do this before we go out into wider-spread use. 

Dr. Lirk, I want to turn to your editorial now. You pose the ques-
tion, “Intraneural Injection: Is the Jury Still Out?” as the title of your 
editorial. I want to start by reading from your editorial to stage this for 
listeners. 

You tell us conventional wisdom holds that direct intraneural in-
jection is to be avoided and generations of regional anesthesiologists 
in many institutions have been taught just that based on science, logic 
and instinct. Since the introduction of ultrasound-guided regional an-
esthesia, both higher success rates and substantial reductions in local 
anesthetic volumes and doses have been achieved by depositing local 
anesthetic as precisely as possible close to the nerve, not in the nerve. 
Yet we still seem to question whether intraneural injections are safe. 
Most anesthesiologists would agree that intentional intraneural injec-
tion seems to be bad idea, but the anatomy of the sciatic nerve in the 
popliteal fossa is unique.
Can you walk us through that unique anatomy in some of the prior 
studies that suggest that intraneural injection at this location might ac-
tually be a reasonable approach?

Dr. Philipp Lirk:  In my answer I would like to focus on two peculiari-
ties of the sciatic nerve at the popliteal fossa. The first is the abundance 
of non-neural tissue of the two cross sections at the popliteal fossa and 
these are studies by Moayeri and colleagues; we find that more than 
half of the cross-section areas are actually non-neural tissue, connective 
tissue blood vessels. And this is designed to give the nerves resilience 
against stretch and against compression, but for us performing regional 
anesthesia it also means that the nerve is somehow protected by nature 
against inadvertent intraneural injection. We shouldn’t get overexcited, 
but nature seems to be a bit on our side in that sense. 

The second is that at the popliteal fossa, the sciatic nerve actually 
divides into the common perineal and the tibial nerve, but if we’re just 

above the popliteal crease, it is those two distinct nerves within that 
thick and strong connective tissue she has referred to, most often as 
perineurium. So we have a unique situation: we have two distinct small 
nerves with a very thin covering inside a thick connective tissue sheath. 

By injecting into this sheath, we will have a more fast onset of the 
block and a higher success rate, as Dr. Cappelleri pointed out. There are 
several studies supporting this including Dr. Cappelleri’s previous work. 
I would like to focus on one study to wrap up my answer and that is the 
study by (Shokay) and colleagues from France. 

They clearly showed that intraneural injection in the sciatic nerve 
at the popliteal fossa defined as subparaneural but outside of the two 
constituent nerves leads to substantially faster onset and higher success 
rate. But on a slightly sobering notion, they also found that 8% of the 
patients had an unintended true intraneural injection in either the com-
mon perineural or the tibial nerve. 

So, to summarize, it is reasonable from an efficacy point of view to 
inject within the subparaneural space to increase efficacy and to decrease 
the onset time. But the circumstances considering the technique, the 
visualization and the provider-situation awareness need to be very, very 
good. 

Dr. James P. Rathmell: Good advice. So, in this study, Dr. Cappelleri 
and his colleagues conclude intraneural ultrasound-guided popliteal lo-
cal anesthetic injection significantly reduces the local anesthetic dose to 
achieve an effective sensory motor block just like you’ve described in the 
French study. 

They then go on to say decreasing the risk of systemic toxicity. 
Is the reduction in local anesthetic dose that this group demonstrated 
likely to decrease the risk of systemic local anesthetic toxicity? 

Dr. Philipp Lirk: This is hard to say. So, compared to traditional vol-
umes that were described in the original studies of popliteal sciatic nerve 
block, which was 30 to 40 ml of local anesthetic, obviously this is a 
very huge advance, but if we’re conscious with other dose-finding studies 
done on extraneural injections around the sciatic nerve and our editorial 
cites the studies by Latzke and Marhofer, the doses do not differ signifi-
cantly. So, I would say it would be at very best an incremental increase 
in the safety considering systemic toxicity. 

Dr. Cappelleri just raised another very important point about the 
local toxicity of the local anesthetics and whether depositing a smaller 
amount deeper or a larger amount more outside of the nerve is more 
safe is the question that we haven’t begun to think about and this study 
may be a good starting point for this line of thought and for this line of 
investigation. 

So, in expert hands such as those of Dr. Cappelleri of Drs. Latzke 
and Marhofer who are cited in our editorial, we should not expect a 
huge substantial decrease in the local anesthetic dose needed to achieve 
a good and sufficient sciatic nerve blockade. And in nonexpert hands, 
maybe this is the recurring theme of this and in a nonexpert hands in-
traneural injection should probably best be avoided. 

Dr. James P. Rathmell: So, we can get down to quite low local anes-
thetic volumes and stay well away from systemic anesthetic, local anes-
thetic toxicity using ultrasound guidance alone and staying extraneural, 
so your point is well taken. 

Now, Dr. Cappelleri and his colleagues demonstrated persistent 
electrophysiologic changes out to six months after the intraneural nerve 
blocks, yet not one of the patients reported neurologic symptoms. How 
do you explain that discrepancy? 

Dr. Philipp Lirk: I would like to start out by saying congratulations to 
Dr. Cappelleri and his colleagues; they are to be commended for taking 
patient follow up after regional anesthesia to a whole new level. So, usu-
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ally we had cross-motor exams that were done on patients and on this 
study they combine motor exams on patients and they combine this 
with detailed neurophysiologic exams and to my knowledge in his line 
of work he’s the first that really combines those two and then the follow 
up at meaningful intervals after the nerve block has been performed. 
So, this is really groundbreaking in its own way and sets the par for all 
studies that are to come. And then again, huge congratulations for this. 

I think we are reminded that nature is often on our side when prac-
ticing medicine, especially at the popliteal fossa. When we perform a sci-
atic nerve block here, nature is on our side because, as I just mentioned 
before, there is a lot of intraneural content that’s non-neural which will 
not be harmed by a needle passing through it and also the system is very 
redundant. 

On a positive note, especially this location seems to be a very fa-
vorable one to practice sciatic nerve blocks; it may be especially resilient 
against injury and maybe also those small injuries are overshadowed by 
the redundancy of the system. So they may not even be noticed by us 
or by patients. 

So, many patients actually may have some sort of subclinical injury 
from a nerve block in whatever location we perform it with us not being 
cognizant of it and we don’t know how often this appears and we don’t 
know how this eventually evens out. And it may be safe to assume that 
with the regenerative potential of the peripheral nervous system, most of 
those injuries should largely recover eventually. 

But somehow the (sounds like: close) claims that point like to a 
very low number of patients, less than 1 in 2,000 patients that really 
have some sort of detectible nerve injury, pathophysiologically may be 
the proverbial tip of the iceberg and we may be causing some sort of 
subtle nerve damage more often that we appreciate. 

Dr. James P. Rathmell: The pull quote from your editorial really sums 
it up in this way: The distinction between reversible nerve blockade and 
reversible nerve injury may be fuzzier than we dare to admit. 

Now, that’s a sobering statement for the practitioner of regional 
anesthesia. 

Dr. Philipp Lirk:  It may be, but it wasn’t completely intended that 
way. It may be a little sobering at first sight, but then again this is only 
repetition of what the late Dr. (Toxsillian) already hypothesized decades 
ago that every regional anesthetic because of the nature of it and because 
of the drugs we use always entails a certain minor calculated injury to 
the nerve. 

And it shouldn’t discourage practitioners from performing regional 
anesthesia in patients who have the strong indication for a nerve block; 
rather, it should be a call to be aware of the potential to harm patients 
and to harm a very vital structure, peripheral nerve in their body, even as 
ultrasound seems to have made regional anesthesia so much safer. 

Regional anesthesia still depends on attention to the individual, 
to the anatomy, to the technique and the equipment and the role of 
provider education, situational awareness, good organizational circum-
stances, standardized processes and good patient follow up cannot be 
overemphasized. 

Dr. James P. Rathmell: So, Dr. Lirk, from your perspective, what’s the 
take-home message for practicing anesthesiologists? Are intraneural in-
jections safe enough to become a routine part of clinical practice? I think 
you’ve already answered that, but let’s hear it again. 

Dr. Philipp Lirk:  My take-home sense of take of the people who wrote 
the editorial is that under optimal circumstances as defined above, sub-
paraneural injection at the popliteal fossa may be a reasonable alterna-
tive to extraneural injection. It may be because it’s more efficacious. 

On the negative side, we have not been practicing this too long. 
So, about the safety aspect that Dr. Cappelleri rightfully pointed out, we 
know too little but it certainly seems that under optimal circumstances 
it is a reasonable alternative. 

At all other locations, intraneural injections should, to the best of 
our knowledge, be strictly avoided. 

Dr. James P. Rathmell: So, the sciatic nerve in the popliteal fossa is 
very unique anatomically and that’s an important part to emphasize in 
this study. 

Dr. Cappelleri, feel free to add any additional comments you think 
might be helpful to put your work in perspective and then tell us what 
comes next for you and your research group. 

Dr. Gianluca Cappelleri: Yes, I agree with you about popliteal fossa and 
our conclusion regarding the lower risk of subclinical safety after an in-
traneural injection as well as the entire article is a sort of provocation to 
underscore that for many years we performed the intraneural injection 
(sounds like: we’re noticing later) without knowing the real consequences. 

And by now, (inaudible), our knowledge about the safety of pe-
ripheral nerve block is still quite poor. Our future status, as I said before, 
had to investigate the entire manner the true difference in the eventual 
nerve injury between extra[neural] and the intraneural injection may be 
on animal model. And to compare the electrophysiological findings with 
the eventual histological changes. 

Dr. James P. Rathmell: Well, thank you. I hope today’s discussion will 
lead many of you listening to read this new article and the accompanying 
editorial view that appear in the August 2018 issue of Anesthesiology. 
You can learn more about ultrasound-guided intraneural sciatic nerve 
blocks, their unique anatomy and the electrophysiological consequences. 

Drs. Cappelleri and Lirk, thank you for joining us today and for 
the terrific explanations about intraneural injections and their implica-
tions for practicing anesthesiologists. 
 
Dr. Philipp Lirk:  It was a pleasure, thank you so much. 

Dr. Gianluca Cappelleri:  Thank you so much. 

Host: You’ve been listening to the Anesthesiology jour-
nal podcast, the official peer-reviewed journal of the Amer-
ican Society of Anesthesiologists. Check anesthesiology.
org for an archive of this podcast and other related content. 
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