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Hi, this is Evan Kharasch, Editor-in-Chief of 
Anesthesiology, with some highlights from the 
February 2021 issue, as selected by the journal editors. 

This month features two important articles, along 
with an Editorial, evaluating and reviewing the clinical 
effects and cost-effectiveness of liposomal bupivacaine 
for infiltration and regional anesthesia.  These 2 articles 
will open and close our podcast.

I’ll begin this month with a systematic review and 
meta-analysis of the clinical effectiveness of perineural 

liposomal bupivacaine to extend analgesia of peripheral nerve blocks com-
pared to non-liposomal local anesthetics. Dr. Nasir Hussain of The Ohio 
State University and colleagues there and in Canada authored this study. 
They reviewed randomized clinical trials that evaluated the effectiveness of 
analgesics for peripheral nerve block.  They included trials that compared 
liposomal bupivacaine to non-liposomal local anesthetics.  The authors 
analyzed nine trials with slightly more than 600 patients.  The primary out-
come was the area under the curve of pain scores and time, for the 24-72 
hours after surgery.  With the trials pooled, the authors determined that 
perineural liposomal bupivacaine provided a small, statistically significant, 
but clinically unimportant benefit compared to nonliposomal bupivacaine.  
When one industry-sponsored trial was excluded from the data analysis, the 
difference between liposomal bupivacaine and non-liposomal local anes-
thetics was no longer statistically significant as well as clinically important. 
The authors also analyzed the secondary outcomes of the studies, including 
pain severity, analgesic consumption, time-to-first analgesic request, opi-
oid-related side-effects, patient satisfaction, length of hospital stay, and func-
tional recovery.  There was no analgesic or functional benefit to liposomal 
bupivacaine.  None of the trials reported any liposomal bupivacaine side 
effects. The authors concluded that high-quality evidence does not support 
the use of perineural liposomal bupivacaine over non-liposomal bupivacaine 
for peripheral nerve blocks.

Next we have another systematic review and meta-analysis.  This one 
examined whether high-dose regimens of tranexamic acid confer a clinical 
advantage over low-dose regimens in cardiac surgery.  Dr. Paul Jacques 
Zufferey of University Hospital of Saint-Etienne, Saint-Etienne, France, and 
colleagues there and at the University of Lyon, conducted the study. Their 
aim was to characterize the exposure-response relationship of tranexamic 
acid.  The authors performed a literature search for randomized controlled 
trials of intravenous tranexamic acid in adults undergoing cardiopulmo-
nary bypass surgery.  They added observational studies to assess whether 
drug-associated seizure may be dose-related.  The authors used a population 
pharmacokinetic model to predict tranexamic acid concentrations in each 
arm of each study. They also evaluated the exposure-response relationship in 
each trial. They analyzed 64 trials and 18 observational studies that included 
nearly 50,000 patients.  The authors identified 73 different tranexamic acid 
regimens, with doses ranging from 5.5 mg/kg to 20,000 mg.  They found 
that the maximum reduction in postoperative blood loss was 40%.  A single 
preoperative loading dose of 20 mg/kg, termed a low-dose, approached 
80% of maximum effectiveness.  Higher-dose regimens of 80 to 100 mg/
kg showed little additional benefit.  High-dose regimens had increased risk 
of seizures.  The authors suggest interpreting this meta-analysis cautiously 
because the results are observational.  Nevertheless, they concluded that 
low-dose tranexamic acid seems to be an appropriate regimen for reducing 
bleeding outcomes in cardiopulmonary bypass surgery. 

Next, we have a clinical study that investigated whether intraoperative 
normoxia, compared to hyperoxia, reduces postoperative cognitive dysfunc-
tion in older patients having cardiac surgery. Dr. Shahzad Shaefi of Beth 
Israel Deaconess Medical Center and colleagues there and elsewhere in 
Boston conducted the study.  They conducted a randomized, double-blind 
trial of patients aged 65 and older who had coronary bypass graft surgery 
with cardiopulmonary bypass. The authors randomized 100 patients to 
one of two intraoperative oxygen delivery strategies.  Normoxic patients 
received a minimum fraction of inspired oxygen of 35% to maintain a 
PaO2 above 70 mmHg before and after bypass, and a PaO2 between 100 
and 150mmHg during bypass.  Hyperoxic patients received a set fraction of 

100% inspired oxygen throughout surgery, regardless of PaO2 levels.  The 
primary outcome was neurocognitive function measured on postopera-
tive day two using the Telephonic Montreal Cognitive Assessment. The 
secondary outcomes were neurocognitive function at 1, 3, and 6 months, 
and postoperative delirium, mortality, and the durations of mechanical ven-
tilation, intensive care unit, and hospital stay.  Cognitive Assessment scores 
of neurocognitive function on postop day 2 were not different between the 
hyperoxia and normoxia groups.  In addition, neurocognitive function at 1, 
3, and 6 months, as well as all the secondary outcomes, were not different 
between the hyperoxia and normoxia groups.  The authors concluded that 
intraoperative normoxia did not reduce postoperative cognitive dysfunction 
when compared to intraoperative hyperoxia in older patients having cardiac 
surgery, and, that intraoperative hyperoxia does not worsen postoperative 
cognition after cardiac surgery. 

Our next clinical study explored methods for blood pressure monitoring 
in obese surgical patients.  Dr. Roman Schumann of Tufts University School 
of Medicine, Boston, and colleagues there and elsewhere conducted the 
study. They tested the hypothesis that the agreement between intra-arte-
rial and finger-cuff measurements is better than the agreement between 
intra-arterial and oscillometric measurements.  This prospective study used 
intra-arterial measurement as the reference method.  The authors compared 
finger-cuff and oscillometric blood pressure measurements to intra-arterial 
measurements in 90 obese patients having bariatric surgery.  The authors 
assessed the ability of monitoring methods to follow blood pressure changes. 
They also described the clinical relevance of measurement differences. 
The authors found that there was more agreement between finger-cuff 
and intra-arterial measurements than there was between oscillometric and 
intra-arterial measurements. This was true for both mean arterial pressure 
and diastolic blood pressure.  Among oscillometric measuring sites, forearm 
monitoring agreed more closely with intra-arterial readings than upper-arm 
or lower-leg monitoring.  

Next, we have a clinical study that used low-dose nitrous oxide in volun-
teers as a model to explore the mechanism of progressive cognitive distur-
bances.  Xavier CE Vrijdag and colleagues at the University of Auckland 
conducted this single-blind crossover study.  They used the temporal 
complexity of the EEG as a potential indicator of cognitive disturbance.  
They measured psychometric performance and the temporal complexity of 
the EEG in participants receiving nitrous oxide.  Twelve volunteers received 
20%, 30% and 40% end-tidal nitrous oxide, given in random order.  The 
authors simultaneously recorded the subjects’ 32-channel EEG and psycho-
metric function.  The authors created a novel metric to quantify the spatial 
distribution of temporal EEG complexity, which they called “default-mode-
network complexity.” The authors found that psychometric impairment 
correlated with nitrous oxide concentration. At baseline, regional EEG 
complexity at the midline was greater than in lateral temporal channels.  
Nitrous oxide decreased both midline and pre-frontal EEG complexity, 
but the lateral temporal region did not change significantly.  Default-
mode-network complexity correlated with N2O concentration.  The 
default-mode-network complexity mixed-effects model correlated with 
psychometric impairment. The authors concluded that temporal complexity 
decreased most markedly in medial cortical regions during low-dose nitrous 
oxide exposures. Additionally, this change tracked psychometric impairment.

Our next study used a rat model to explore whether propofol facilitates 
firing synchrony among postsynaptic pyramidal neurons, to better under-
stand how propofol affects the EEG.  Dr. Yuko Koyanagi and colleagues at 
Nihon University School of Dentistry in Tokyo conducted the study. They 
used rat insular cortical slices to perform whole-cell patch-clamp record-
ings. The authors focused on two or three pyramidal neurons with two or 
more inhibitory connections. They examined how inhibitory inputs from a 
presynaptic fast-spiking neuron modulate the timing of spontaneous repet-
itive spike firing among pyramidal neurons. They measured this before and 
during application of 10 μM propofol.  Pyramidal cell pairs that received 
common inhibitory inputs from the presynaptic fast-spiking neuron showed 
propofol-dependent decreases in spike timing between neurons.  Propofol 
increased the degree of spike synchronization among pyramidal neurons.  
The authors concluded that propofol facilitates the synchrony of pyramidal 
neuron firing, by enhancing inhibitory inputs from fast-spiking neurons. 
They suggested that the synchrony of pyramidal neurons may contribute 
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to the increased EEG frontal alpha rhythm associated with propofol-in-
duced loss of consciousness.

Next, we have a Clinical Focus Review article that explored the 
“silent” presentation of hypoxemia and cardiorespiratory compensation 
in COVID-19. Dr. Philip Bickler and colleagues at the University of 
California at San Francisco authored this review. The authors focus on 
the variability in human breathing response to hypoxemia. This variability, 
as well as the preponderance of shunt which occurs early in the course of 
COVID pneumonia, likely explains the lack of dyspnea in some hypox-
emic COVID-19 patients. Cardiovascular compensation to hypoxemia 
is critical for preservation of tissue oxygen delivery, so anesthesiologists 
must understand the limits of human cardiorespiratory response and 
adaptation. Additionally, anesthesiologists must be current on the critical 
parameters that can help identify when adaptive compensation is failing. 
These limits of cardiovascular compensation to hypoxemia are more 
likely to define clinical outcomes in COVID-19 than is the degree of 
hypoxemia.

I’ll close this month with a Narrative Review article that provides a 
comprehensive summary of all randomized controlled trials involving the 
clinical administration of liposomal bupivacaine to control postoperative 
pain.  Dr. Brian Ilfeld of the University of California at San Diego and 

colleagues elsewhere wrote this article. They analyzed 76 clinical trials 
in total. The authors found that only 11% of trials (4 of 36) reported a 
clinically relevant and statistically significant improvement in the primary 
outcome, in favor of liposomal bupivacaine compared with unencapsu-
lated bupivacaine or ropivacaine.  Additionally, 92% of trials (11 of 12) 
suggested that a peripheral nerve block with unencapsulated bupivacaine 
provides superior analgesia to infiltrated liposomal bupivacaine.  Results 
were mixed for the 16 trials comparing liposomal and unencapsulated 
bupivacaine when used for peripheral nerve blocks.  The authors deemed 
many of the trials to be at high risk for bias, because of problems with 
registration, design, or data analysis.  Only 14% (4 of 28) of the trials at 
a low risk of bias showed a benefit of liposomal bupivacaine for acute 
postoperative pain.  In contrast, 84% (16 of 19) of the potentially biased 
studies reported a benefit of liposomal bupivacaine for acute postoper-
ative pain.  The authors concluded that the preponderance of evidence 
does not support the routine use of liposomal bupivacaine over standard 
local anesthetics.

As always, thank you for interest in and support of our journal. I hope 
that you will use the information published in Anesthesiology to 
guide and improve your clinical practice. I look forward to keeping you 
informed as Anesthesiology continues to publish important research and 
trusted evidence each month. 


