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I was also surprised by the authors’ choice of 0.1% ropi-
vacaine at 8 ml/h because even 4 ml/h of ropivacaine 0.1% 
has been well established to lead to significant motor block-
ade.5 In my experience, 3 ml/h or less of ropivacaine 0.1% or 
bupivacaine 0.0625% seems to be optimal to preserve motor 
function postoperatively in most patients undergoing total 
knee replacement.

If the interest is on cost, consideration should be given 
to the cost of the local anesthetic solution when choosing a 
continuous block technique. In my institution, we switched 
from ropivacaine 0.1% to bupivacaine 0.0625% and saved 
$30 per bag. These cost savings are substantial for my insti-
tution, as we use more than 35,000 bags annually.

In the discussion, the authors raised another important 
point, for example, the time required to perform a contin-
uous block using each technique. These data were missing 
from the article and would be most interesting, especially 
as it relates to the use of ultrasound alone versus ultrasound 
combined with a stimulating needle. In my experience, the 
difference in the time required for each technique should 
be insignificant, especially in the hands of an experienced 
regional anesthesiologist.

In conclusion, anesthesiologists should recognize the 
specific surgical requirement when comparing different 
approaches. In patients undergoing total knee replacement, 
optimizing pain during physical therapy, functional recov-
ery, and minimizing the risk of falls should represent the 
primary concern.
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Cost Effectiveness of Continuous 
Femoral Blocks for Total Knee 
Replacement

To the Editor:
I read with great interest the article by Farag et al.1 Undoubt-
edly, the authors tried to address a very important concern 
related to the use of peripheral nerve blocks as a part of com-
prehensive acute perioperative pain management. However, 
it seems that they failed to recognize the specificity of the 
patient population they studied. Functional recovery is the 
main determinant for patients undergoing total knee replace-
ment. The goal of perioperative pain management in patients 
undergoing total knee replacement is not to minimize pain 
at rest, it is to minimize pain during physical therapy while 
optimizing quadriceps function and minimizing the post-
operative risk of falls. Effective pain control during physical 
therapy has been established to facilitate functional recov-
ery,2 and excessive postoperative quadriceps weakness has 
been shown to be a significant cause of falls.3 Unfortunately, 
none of these endpoints were considered in the article by 
Farag et al.. The authors should recognize that the ability to 
recover motor function after surgery and the absence of a fall 
represents an important determinant of the patient length 
of stay in the hospital, which is estimated to cost thousands 
of dollars4 versus tens of dollars as studied by Farag et al. In 
my institution, most patients start active physical therapy 
on the day of surgery and are discharged on postoperative 
day 2. Optimizing functional recovery hours after surgery is 
essential because if the patients cannot participate actively in 
physical therapy, their length of stay increases and with it the 
overall cost of the surgery.
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differences in pain scores and opioid consumption are dif-
ficult to interpret in isolation. We thus considered a block 
approach superior only if it was shown to be noninferior on 
both pain and opioid consumption and superior on at least 
one of the two outcomes.”

Our sophisticated and appropriate analysis was a strength 
of this article: instead of choosing either pain score or opioid 
consumption as primary and relegating the other to second-
ary, as is sometimes done, we kept them both as primary 
because each is integral to pain management. We required 
superiority on at least one of them and evidence of being 
“not worse” (i.e., noninferior) on the other before an inter-
vention would be considered more effective than another—
hence, our inclusion of both noninferiority and superiority 
testing. We thus used a powerful and appropriate approach 
to joint hypothesis testing.

We also powered the study appropriately and planned 
interim analyses so that the study could stop early, if war-
ranted, for either efficacy or futility. We believe this should 
be the standard for most clinical trials, along with the graph-
ical display of treatment effect over time that we reported for 
each comparison of interest.

We are nonetheless sympathetic to Levine’s broader con-
cern that clinical research articles have become more sta-
tistically complex in recent years. Undoubtedly, inclusion 
of sophisticated statistical analyses makes clinical research 
harder to read and understand. But it is important to rec-
ognize that the statistical complexity in recent articles is 
not included for amusement of the authors. It is instead 
included to protect the anesthesia community from research 
conclusions that are subsequently contradicted11 or simply 
wrong.12

Our primary outcome was secondary failure, defined by 
need for supplemental analgesia, as in previous studies.13,14 
We did not evaluate sensory or motor block. The use of ultra-
sound is helpful in identifying the spread of local anesthetics 
in the proximity of the femoral nerve, but does not identify 
catheter position. Therefore, secondary failure remains an 
important problem with continuous femoral nerve blocks 
and was the basis for our study. We fail to understand how 
our study (or any study, for that matter) could “close the 
door to further novel research.” All we did was ask—and 
answer—an important question, namely whether stimula-
tion augments the efficacy of ultrasound guidance for inser-
tion of femoral nerve catheters.

Levine et al. note that some patients have residual pain 
in the sciatic distribution after knee arthroplasties. However, 
the femoral nerve provides 80% of the sensory supply to the 
knee joint. Consequently, only 12% of our patients required 
supplementation with single-injection sciatic blocks, and the 
blocks were evenly distributed among the three groups.

We agree and specified that a difference of just 1 min 
in block performance time, while statistically significant, is 
not clinically important. But the stimulating catheter not 
only took longer, it cost more. The $50 difference—which 

In Reply:
Our goal was to determine whether electrical stimulation, 
either through the needle or catheter, reduces the risk of sec-
ondary failure after femoral nerve catheter insertion using 
ultrasound.1 The results of our well-powered trial are clear: 
neither type of stimulation improved analgesia after total 
knee arthroplasty—and both stimulation techniques took 
longer to perform and cost more.

Dr. Chelly highlights the importance of providing anal-
gesia sufficient for physical therapy. We used low concen-
trations of ropivacaine for our femoral catheter infusions 
specifically because ropivacaine is motor sparing compared 
with bupivacaine. Bupivacaine is less expensive than ropiva-
caine, as Chelly notes, and it is possible that a low concen-
tration of bupivacaine would be equally suitable; however, 
we did not consider the choice of anesthetic or concentra-
tion, a topic that has been addressed in numerous previous 
studies.2–5 Our primary result—that stimulation through 
the needle or catheter is unnecessary—presumably applies 
perfectly well to ropivacaine.

Dysfunction of quadratus femoris muscle after total knee 
arthroplasty is mainly due to muscle edema,6 rather than the 
regional block.7 But to optimize patient safety, our Acute Pain 
Service team works closely with Nursing and Physical Ther-
apy and reduces the ropivacaine infusion rate when patients 
develop weakness. In practice, the system works well and our 
patients participate actively in physical therapy. We agree that 
patient falls are dangerous and often disastrous. However, they 
are also far more likely to occur after discharge than in the 
hospital where patients are watched closely.8,9

Chelly asserts that we failed to report the time required 
to perform blocks with each approach. In fact, the results are 
presented in the first paragraph under the header “Second-
ary Outcomes.” The mean block performance time was 177 
s for the stimulating catheter group, 150 s for the stimulat-
ing needle group, and 110 s for the ultrasound-only group. 
Mean block performance time for the ultrasound-alone 
group was significantly less than the time for either other 
groups. But as specified in our article, these differences are 
not clinically meaningful.

Levine et al. postulate that our “simple” study has an 
excessively complex statistical analysis. However, the study 
was not simple. There were two primary outcomes (pain 
scores and opioid consumption) and three interventions to 
be compared: ultrasound-alone, stimulating needles, and 
stimulating catheters. Our analysis was the proper one for 
this research question and design, and no more complex 
than necessary. As specified in our article: “We evaluated 
these outcomes using joint hypothesis testing”10 because 

the femoral nerve (anterior versus posterior) on quadriceps 
weakness and cutaneous sensory block. Anesth Analg 2012; 
115:721–7
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To the Editor:
We read the publication by Farag et al.1 entitled “Compari-
son of Three Techniques for Ultrasound-guided Femoral 
Nerve Catheter Insertion: A Randomized, Blinded Trial” 
with interest and feel compelled to share our views with the 
readership of ANESTHESIOLOGY.

The intention of this letter is not to criticize the study, 
but to reflect on an increasingly common problem where 
a complex statistical analysis obscures the clinical relevance 
of a simple question. This large study was conducted like 
a National Institutes of Health clinical trial using the ana-
lytic capabilities of Ph.D.-level statisticians. We appreciated 
the statistical treatment of measurements taken over time. 
For instance, the verbal response scale was averaged for each 
patient using a time-weighted formula, and opioid adminis-
trations were converted to morphine equivalents and totaled. 
This statistical approach ideally would be followed even in 
studies with smaller sample sizes. We also appreciated the 
authors’ recognition that not all variables are normally dis-
tributed and that they took appropriate steps to account for 
this in their statistical analysis. Specifically, the distribution of 
total opioid requirement was found to be lognormal; hence, 
the effect of catheter insertion technique estimates “the ratio 
(or percent difference) of geometric means.”1 In addition, 
opioid requirement was tested in “a linear regression model 
of log-transformed total intravenous morphine equivalent 
observations as the response and randomized catheter inser-
tion technique as the treatment of interest.”1

Nonetheless, although the study aimed to answer a sim-
ple clinical question, the article is so heavily statistical that 
clinicians are likely to gloss over much of it in search of 
what is relevant to their practice. For instance, the juxta-
position of “noninferiority” and “superiority” throughout 
the article is a challenge to read and keep track of, particu-
larly for those without a strong background in statistics. 
Although crucial to the statistical approach, we believe that 
many clinicians may gloss over these terms without truly 
understanding their meaning. Moreover, although the 
authors appropriately document and cite the newer (Mas-
cha & Turan) and older (Holm, O’Brien) statistical pro-
cedures that are less likely to be familiar to the readership, 
we remain doubtful that these would be meaningful to the 
average clinician who may be interested in applying these 
findings to their clinical practice.

Despite the complex and comprehensive statistical anal-
ysis, we feel that the study design does not actually allow 
for any clinically meaningful conclusions on the choice of 
catheter. This is because most patients having total knee 

arthroplasty with femoral nerve block alone have residual 
pain in the sciatic territory2; something the authors did not 
control for in a systematic way.1 Because nearly all patients 
will have pain, the methodology is inherently biased toward 
finding no difference between groups. Moreover, there is no 
information about the success or duration of the blocks as 
this was not tested at all—without information on sensory 
or motor distribution, it is not possible to draw conclusions 
on the success of the technique.

Most fundamentally, the research questions asked are of 
little relevance for today’s anesthesiologist. The study was con-
ducted over several years during which time substantial changes 
in techniques and technology have occurred. The question of 
whether or not to stimulate via the catheter was relevant before 
the advent of ultrasound guidance in regional anesthesia. How-
ever, with ultrasound, the primary determinant of whether a 
catheter is adequately positioned is not the presence or absence 
of evoked motor response but visualization of anesthetic spread 
in the desired tissue plane.3,4 In addition, it seems obvious that 
techniques that require extra steps and more equipment will 
take longer to perform and have additional costs. So, testing 
hypotheses of increased block performance time and costs 
focuses on significance or nonsignificance based on the P value 
and takes us away from appreciating that a difference in mean 
block performance time of approximately 1 min may not have 
a whole lot of clinical relevance.

Finally, the design and conclusions seem “to close the 
door” to further novel research—for example, with respect 
to different techniques (in-plane vs. out-of-plane), equip-
ment (different needle gauges and catheter designs), volume 
of injectate, and research outcomes such as safety. Indeed, by 
advocating the use of ultrasound alone for femoral catheter 
placement, the authors ignore the potential safety benefits 
of using nerve stimulation to warn the clinician of poten-
tially harmful needle-nerve contact and intraneural injec-
tion.5 In summary, this article demonstrates that even when 
meticulous data collection and advanced statistical analysis 
are applied to a research design with little clinical relevance, 
the practicing clinician may be left without any data of sig-
nificance to their clinical practice.
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I was also surprised by the authors’ choice of 0.1% ropi-
vacaine at 8 ml/h because even 4 ml/h of ropivacaine 0.1% 
has been well established to lead to significant motor block-
ade.5 In my experience, 3 ml/h or less of ropivacaine 0.1% or 
bupivacaine 0.0625% seems to be optimal to preserve motor 
function postoperatively in most patients undergoing total 
knee replacement.

If the interest is on cost, consideration should be given 
to the cost of the local anesthetic solution when choosing a 
continuous block technique. In my institution, we switched 
from ropivacaine 0.1% to bupivacaine 0.0625% and saved 
$30 per bag. These cost savings are substantial for my insti-
tution, as we use more than 35,000 bags annually.

In the discussion, the authors raised another important 
point, for example, the time required to perform a contin-
uous block using each technique. These data were missing 
from the article and would be most interesting, especially 
as it relates to the use of ultrasound alone versus ultrasound 
combined with a stimulating needle. In my experience, the 
difference in the time required for each technique should 
be insignificant, especially in the hands of an experienced 
regional anesthesiologist.

In conclusion, anesthesiologists should recognize the 
specific surgical requirement when comparing different 
approaches. In patients undergoing total knee replacement, 
optimizing pain during physical therapy, functional recov-
ery, and minimizing the risk of falls should represent the 
primary concern.
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prehensive acute perioperative pain management. However, 
it seems that they failed to recognize the specificity of the 
patient population they studied. Functional recovery is the 
main determinant for patients undergoing total knee replace-
ment. The goal of perioperative pain management in patients 
undergoing total knee replacement is not to minimize pain 
at rest, it is to minimize pain during physical therapy while 
optimizing quadriceps function and minimizing the post-
operative risk of falls. Effective pain control during physical 
therapy has been established to facilitate functional recov-
ery,2 and excessive postoperative quadriceps weakness has 
been shown to be a significant cause of falls.3 Unfortunately, 
none of these endpoints were considered in the article by 
Farag et al.. The authors should recognize that the ability to 
recover motor function after surgery and the absence of a fall 
represents an important determinant of the patient length 
of stay in the hospital, which is estimated to cost thousands 
of dollars4 versus tens of dollars as studied by Farag et al. In 
my institution, most patients start active physical therapy 
on the day of surgery and are discharged on postoperative 
day 2. Optimizing functional recovery hours after surgery is 
essential because if the patients cannot participate actively in 
physical therapy, their length of stay increases and with it the 
overall cost of the surgery.
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