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N-Acetylcysteine and
Postoperative Atrial
Fibrillation: Comment

To the Editor:

We read with interest the recent work of Amar
et al.,' with the editorial by Karamnov and
Muechischlegel” which demonstrated the feasibility and
safety of an antioxidant, N-acetylcysteine, for the pre-
vention of atrial fibrillation after thoracic surgery.
We agree with Karamnov and Muehischlegel® that an
anti-inflammatory approach using antioxidants reduces

Anesthesiology 2023; 138:218-29

NADPH oxidase activity for postoperative atrial fibril-
lation, a plausible strategy for prophylaxis.? However,
we have additional potential explanations for why there
was no significant difference in the occurrence of post-
operative atrial fibrillation in patients who did and did
not receive perioperative N-acetylcysteine in the study
of Amar et al.’

N-Acetylcysteine is an L-cysteine prodrug and glu-
tathione precursor that, via L-cysteine conversion, helps
scavenge oxygen-derived free radicals and binds metal
ions into complexes, resulting in oxidative stress reduc-
tion.” However, as we showed in a previous study, which
was done in rats and focused on the mesenteric artery,
L-cysteine induces an oxygen-derived free radical, super-
oxide production mediated by NADPH oxidase in a
high 95% oxygen condition.* In contrast, it does not
cause redox derangement in a 50% oxygen mixture.!
Therefore, the high oxygen exposure under one-lung
ventilation during major thoracic surgery seems to can-
cel L-cysteine’s beneficial role as a radical scavenger and
to add oxidative stress. Nevertheless, we do not see any
information regarding the inspiratory oxygen fraction
in the work of Amar et al.,' and thus, N-acetylcysteine
combined with a high oxygen condition during tho-
racic surgery may contribute to the results shown by
Amar et al." Also, previous studies indicated that a mem-
brane-bound NADPH oxidase is the primary source
of oxidative stress in human atrial fibrillation,® while
inflammation (or cytokines) activates several subtypes
of NADPH oxidase.® However, there are no clini-
cally specific inhibitors of membrane-bound NADPH
oxidase.
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N-Acetylcysteine and
Postoperative Atrial
Fibrillation: Comment

To the Editor:

‘ x J e read the article by Amar ef al." with great inter-

est. Their trial addressed whether N-acetylcysteine
can prevent atrial fibrillation after thoracic surgery. A sec-
ondary analysis examined perioperative systemic mark-
ers of inflammation, oxidative stress, and the incidence
of atrial fibrillation after discharge. We thank the authors
for contributing to our understanding on this important
topic. However, we have two questions regarding sub-
group analysis.

First, the primary endpoint analysis included surgical
procedures such as open thoracotomy, minimally invasive
video-assisted thoracoscopic, robotic-assisted approaches,
and Ivor Lewis esophagectomy. However, there was not a
subgroup analysis by surgical modality. Of note, the inci-
dence of postoperative atrial fibrillation is influenced by the
extent of lung resection® and by the operative site (left more
than right lobectomy).” Moreover, lobectomy removes
more lung tissue than segmentectomy, which may induce
myocardial hypoxia, thereby triggering atrial fibrillation.>*
A subgroup analysis of N-acetylcysteine effect according to
surgical approach may be informative.

Second, the conclusion that N-acetylcysteine did not
result in lower systemic markers of inflammation and
oxidative stress should be interpreted with caution given
the lack of power to identify these secondary outcomes.
Perioperative drugs such as opioids and dexmedetomi-
dine may affect intraoperative stress and inflammatory
response. Oxycodone, for instance, has antioxidant and anti-
inflammatory properties that protect against surgical stress
by inhibiting the production of proinflammatory cytokines
and lipid peroxidation.’ Therefore, it would be of interest to
perform a more comprehensive analysis of potential phar-
macologic influence on the results.

Postoperative atrial fibrillation is an important clinical
outcome in patients undergoing noncardiac thoracic sur-
gery, and there is growing interest in its prevention and
treatment. However, multiple factors contribute to postop-
erative atrial fibrillation and inflammatory response. If there
is substantial heterogeneity of these risk factors in the study
population, risk-stratified analysis is especially important for
enhancing the credibility of clinical trials.
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N-Acetylcysteine and
Postoperative Atrial
Fibrillation: Reply

In Reply:

e thank Dr. Kinoshita and Dr. Kawashima,! and

Dr. Wen, Dr. Huang, and Dr. Li* for their com-
ments and their interest in our work. In the comments from
Kinoshita and Kawashima,' they speculate that exposing our
patients to a high fraction of inspired oxygen during one-
lung ventilation negated the potential antioxidant effects of
N-acetylcysteine during the 48h after surgery. In our study,
N-acetylcysteine was started only 1 to 2h after the patient
arrived at the postanesthesia care unit, where they had been
receiving oxygen, by nasal cannula in most cases and occa-
sionally by face mask, with varying degrees of inspired oxygen
(typically in the range of 30 to 40%). In our practice, oxygen
administration is usually titrated off as long as the patient is able
to maintain an oxygen saturation measured by pulse oximetry
greater than 94% on room air. Most lung-resection patients
at our center are ambulating the day after surgery; among the
patients in our study,” some were discharged from the hospital
upon completion of 48 h of N-acetylcysteine or placebo infu-
sions. Although Dr. Kinoshita’s and Dr. Kawashima’s work in
experimental animals is very interesting, it cannot be assumed

Anesthesiology 2023; 138:218-29

that these findings apply to humans, nor is it warranted to
speculate on which of the mechanisms that they identify
apply to postoperative patients.

Dr.Wen, Dr. Huang, and Dr. Li suggest the performance of
a subgroup analysis by surgical modailty.> However, because of
the small number of patients within the groups and the lack
of power to do so, we did not perform a secondary subgroup
analysis of the incidence of atrial fibrillation by type of surgery,
whether open or minimally invasive.We have previously shown
that the extent of lung resection affects the incidence of atrial
fibrillation, and it is for this reason that we included patients
who underwent anatomical lung or esophageal resection.*
However, on the basis of our work—and the recommenda-
tions from the American Association for Thoracic Surgery task
force on this topic—we disagree that the side of surgery affects
the incidence of atrial fibrillation.>® We also disagree with
the authors’ assertion that our finding of a lack of effect for
N-acetylcysteine on inflammatory or oxidative stress markers
is attributable to a lack of power. First, the number of patients
in each of the randomized groups in our study was not small,
and both groups were well balanced in terms of demographic
and surgical characteristics. Second, all patients participated in
an institutional enhanced recovery pathway and received sim-
ilar intraoperative and postoperative opioid analgesics. Finally,
the inflammatory and oxidative marker data were well distrib-
uted and did not require log transformation before statistical
analysis. Considering that our use of N-acetylcysteine or pla-
cebo was intravenous over the course of 48h and was started
in the postanesthesia care unit long after intraoperative drugs,
such as dexmedetomidine, were used, we do not believe that
these pharmacologic agents influenced our findings.
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Liposomal Bupivacaine
versus Dexamethasone:
Comment

To the Editor:

Arecently published article in ANESTHESIOLOGY reported
results from a randomized trial that compared the
analgesic effectiveness of interscalene brachial plexus block
with liposomal bupivacaine to standard bupivacaine with
perineural dexamethasone.! This article by Kim et al.' con-
cluded that the two study drugs provided similar analgesia
with no differences in opioid consumption. However, the
article contains a statistical error that led to an incorrect
conclusion on the primary outcome measure, and the rela-
tionship between pain intensity scores and opioid rescue
medication was not fully considered.

In this blinded study, 112 adult patients undergoing
ambulatory arthroscopic shoulder surgery were random-
ized to receive an interscalene brachial plexus block with
either an admixture of 10ml (133 mg) liposomal bupiva-
caine and 5ml 5% bupivacaine or an admixture of 15ml
0.5% bupivacaine and 4mg dexamethasone. The primary
outcome was the average numerical rating scale pain scores
at rest during 72h. The primary analysis evaluated whether
liposomal bupivacaine was noninferior to bupivacaine with
dexamethasone at a margin of 1.3 points.>* Additional out-
comes included opioid consumption, patient satisfaction,
and duration of sensory and motor block at predefined time
points up to 7 days postsurgery.

The article reported that the mean £ SD numerical rat-
ing scale pain score during the first 3 postoperative days was
2.4%1.9 in the liposomal bupivacaine group and 3.4%+1.9
in the bupivacaine with dexamethasone group, with a mean
difference of —1.1 (95% CI, —1.8 to —0.4; P < 0.0001 for
noninferiority). The article concluded that liposomal bupi-
vacaine was not superior to bupivacaine with dexametha-
sone (one-sided P = 0.998). However, this conclusion and
associated P value are incorrect because the upper bound
of the 95% CI for the difference between groups excludes
0 in favor of liposomal bupivacaine.* The P value of 0.998
actually corresponds to a test of superiority (with a null
value of 0) for bupivacaine with dexamethasone over lipo-
somal bupivacaine. The correct P value for a one-sided test
of superiority of liposomal bupivacaine is 0.002, which is
statistically significant. Therefore, the conclusion that the
treatments provided similarly effective analgesia is not sup-
ported, because liposomal bupivacaine demonstrated both
noninferiority and superiority to bupivacaine with dexa-
methasone. Notably, a treatment demonstrates superiority
to a comparator when the CI excludes 0, even when a non-
inferiority study design is used (fig. 1).>¢

The analyses presented in the article by Kim et al.' did
not consider the important relationship between pain inten-
sity scores and rescue medication. Consider, for example, a
clinical trial of two analgesics in which patients randomized
to receive the less effective analgesic study drug required
more opioid rescue medications to achieve satisfactory pain
control. The difference between the treatment groups in
pain intensity scores over time will be attenuated owing to
greater rescue medication use in the group that received the
less effective study drug. Therefore, assessments of analgesic
effectiveness must consider both pain intensity scores and
the amount of rescue medication that supplemented the
study drug to achieve those scores.

The trial used a stepwise approach to opioid rescue pain
medication based on patient-reported pain severity (i.e., tra-
madol for mild or moderate pain and oxycodone or intrave-
nous hydromorphone for severe pain). Kim ef al.' noted that
there were no significant differences in opioid consump-
tion at specific time points (i.e., in the postanesthesia care
unit and on postoperative days 1, 2, 3, 4, and 7). However,
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