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bupivacaine is difficult to justify.1 On the contrary, sales and 
revenue from liposomal bupivacaine continue to grow,6 
undoubtedly owing to an aggressive marketing campaign. 
We have seen first-hand the results of this campaign, as many 
physician colleagues who are grounded in evidence-based 
medicine have shifted their practice to anecdotal medicine, 
insisting that liposomal bupivacaine exhibits superior pain 
control and leads to clinically significant reduced length of 
stay. Perhaps the dose influences their observations: We sus-
pect that they are injecting the maximum dose of liposo-
mal bupivacaine (i.e., 266 mg), while using a lower dose of 
nonliposomal bupivacaine.1 We have additionally observed 
that liposomal bupivacaine usage tends to be an institutional 
decision: If the hospital system has decided to purchase this 
expensive product, then surely it ought to be used. And so, 
as more practices and hospitals are infiltrated with liposomal 
bupivacaine despite an absence of strong evidence, where 
do we go from here?

As physicians, we must strive to practice evidence-based 
medicine and use evidence such as that presented by Ilfeld 
et al.1 and Hussain et al.5 to defend against inappropriate and 
wasteful healthcare costs. However, distinguishing between 
objective data and marketing bias may pose a challenge for 
providers seeking to stay abreast of the current evidence in 
their field, given the prominent role the industry plays in med-
ical education.7 Not too long ago, we witnessed the perils of 
the pharmaceutical industry’s influence on medical education 
and practitioners and how this ultimately helped fuel the opi-
oid epidemic.8,9 Nowadays, in our determination to optimize 
postoperative pain control with nonopioid alternatives, are we 
repeating the missteps of the past by allowing the industry to 
again influence our practice without high-quality evidence? 
The continued intersection of the industry with medical edu-
cation places us at risk of propagating non–evidence-based 
practices that may translate into little benefit, potential unfore-
seen harm, and unnecessary costs on an already taxed health-
care system.8,9
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Personal Protective  
Equipment: Comment

To the Editor:

Ruskin et al.1 describe how personal protective equip-
ment used because of COVID-19 impairs the perfor-

mance of anesthesia clinicians and teams. They detail how 
reductions in the senses of sight, sound, and touch challenge 
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CORRESPONDENCE

Personal Protective  
Equipment: Reply

In Reply:

We thank Dr. Johnstone1 for his insightful comments, in 
response to our article,2 about the practical implications 

anesthesia care, but they ignore the important sense of smell. 
This may be the most diminished sense because the proper 
fit of N95 and similar face masks is often determined by 
whether the wearer can smell a test odor.2

We have recently seen complications related to failure 
to detect odors. An anesthetic vaporizer leaked liquid agent 
in an operating room, and the leak was not detected until 
someone without an N95 mask entered the room. Anesthetic 
gas, which can be smelled in operating room air, is gener-
ally above Occupational Health and Safety Administration 
(Washington, D.C.) permissible exposure limits.3 This inci-
dent led us to consider other possible performance impair-
ments from this often-overlooked sense. These include not 
detecting alcohol on the breath of a patient, use of methyl 
methacrylate by a surgeon, or bacterial infection of a wound.
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of the loss of smell caused by personal protective equipment. 
We agree that healthcare professionals commonly rely on their 
sense of smell to facilitate diagnosis of some conditions. As Dr. 
Johnstone reported, the first indication that a vaporizer is leak-
ing might be when a member of the surgical team detects the 
characteristic odor of a potent volatile anesthetic. Physicians’ 
use of smell has also been evaluated to diagnose pseudomonas 
infections,3 and this ability might also be impaired by personal 
protective equipment.

N95 filtering facepiece respirators are designed to elim-
inate 95% of “most transmissible” particles from inspired 
air but are not resistant to oil and do not eliminate nui-
sance organic vapors.4 A person wearing an N95 mask 
may therefore be able to detect the odor of potent volatile 
anesthetics. P100 filters remove 99.97% of airborne parti-
cles, are strongly resistant to oil, and are commonly used 
with elastomeric half-facepiece respirators. Manufacturers 
commonly include a layer of activated carbon to eliminate 
nuisance organic compounds.5 Although there are currently 
no studies of how various respirators affect a person’s abil-
ity to detect volatile anesthetic agents (e.g., from a leaking 
vaporizer), a P100 filter would reasonably be expected to 
eliminate the odor of sevoflurane in low concentrations. 
In the authors’ personal experience, P100 filters are highly 
effective in eliminating other offensive odors that may be 
found in the operating room.

We agree that use of the extensive personal protec-
tive equipment that is required to care for patients with 
COVID-19 or other respiratory illnesses can impair the 
user’s sense of smell. This reduction in a critical sense 
suggests an important research opportunity. New tech-
nologies that detect contamination by volatile organic 
compounds or infectious agents without relying on a 
person’s ability to detect an odor may help users of per-
sonal protective equipment during a future pandemic. 
As we stated in our review, personal protective equip-
ment impairs human performance in sometimes unpre-
dictable ways.2 We thank Dr. Johnstone for pointing out 
yet another opportunity for improvement.
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Clinical Use of Lactate 
Measurements: Comment

To the Editor:

We read with great interest the recent review discuss-
ing the clinical interpretation of lactate measure-

ments by Drs. Pino and Singh.1 The article covered the 
topic in great detail; however, there are several points which 
we also feel warrant inclusion when discussing this topic.

An additional source of lactate in surgical patients can be 
from red blood cell transfusion. As the authors state, red cells 
are completely anaerobic because they lack mitochondria and 
require glycolysis for maintenance of adenosine triphosphate. 
As a result, stored red blood cells are a source of lactate from 
transfusions; lactate levels and resultant patient lactate loads 
can increase with the use of stored red blood cells. Although 
many patients have adequate capability to metabolize lactate 
loads from transfusion, this may not be the case in massive 
transfusions, liver transplantation, or pediatric cardiac sur-
gery. In particular, sudden massive boluses of red blood cell–
derived lactate in pediatric cardiac surgery from older stored 
red blood cells can significantly impact more traditional and 
conventional interpretations of lactate concentration.2

Additionally, endogenous overproduction of lactate may 
represent more than a metabolic waste product. Proponents 

of the concept contend that lactate can function as a meta-
bolic glucose regulator and regulator of insulin release and 
insulin resistance.3 Brooks4 reviews compelling evidence 
that endogenous L-lactate is actively involved in aero-
bic intermediary energy metabolism and signaling effects 
through hydroxycarboxylic acid receptor 1. In the pop-
ulation with obesity, new evidence suggests hormonally 
triggered overproduction of lactate is an essential and oblig-
atory feature of adipocytes, even in the absence of hypoxia.5 
Adipocyte lactate production may therefore alter interpre-
tations of elevated lactate levels in obesity and insulin resis-
tance, although this concept is too recent for correlative 
studies in the perioperative period to define the magnitude 
and significance of these metabolic pathways.

The authors state that typical measurements of lactate, 
as conventionally performed with a blood gas machine, do 
not detect D-lactate, which has been shown to produce 
numerous deleterious effects. Some formulations of lactated 
Ringer’s solution have historically contained DL lactate,6 
and although most formulations today are likely to contain 
only L-lactate, compositions may vary between countries 
and manufacturers. Additionally, although the consumption 
of fermented foods may contribute only a small proportion 
of total lactate as D-lactate, the presence and significance of 
D-lactate in pathologic states is not limited to gut ischemia or 
short bowel syndrome. Small intestinal bacterial overgrowth, 
in the absence of short bowel syndrome, has been associated 
with D-lactic acidosis with central nervous system symptoms. 
In fact, half of probiotic strains have been shown to ferment 
carbohydrates to D or DL lactate and may be responsible for 
gastrointestinal and central nervous system symptoms from 
D-lactic acidemia in some patients.7 Because D-lactate levels 
are not customary measurements, it is conceivable that many 
cases can be missed with routine laboratory investigations.
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