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bulk flow or mass flow, is rapidly followed by a microscopic 
dispersion,3 invisible to ultrasound. Local anesthetic can cross 
fascial layers even in the absence of macroscopic perforations.3 
Finally, there is resorption of the injectate by both lymphatic 
and vascular systems.3 Consequently, as pointed out by Chin 
et al.,3 the potential mechanisms of analgesic action of fascial 
plane blocks can be divided into (1) a local effect on nerves 
in the vicinity of injection and (2) a systemic effect second-
ary to vascular dispersion. Separate from the mechanism of 
action, our study focused on contributing to the literature 
with respect to this question, “Is a quadratus lumborum block 
effective for pain relief after hip surgery?” Our study,2 and 
similarly, a recent trial by Haskins et al.,4 reported that respec-
tively a posterior or an anterior quadratus lumborum block, 
when combined with multimodal analgesia, does not decrease 
morphine consumption or pain scores after hip surgery.

Third, as noted in our figure, there was no loss of cold 
sensation superior to the 12th rib margin or inferior to the 
upper third of the thigh with a posterior quadratus lumbo-
rum block. The subdivision of loss of cold sensation in nine 
areas allowed us to quantify the frequency of variously dis-
tributed sensory loss. We acknowledge the comment from 
Hu et al.1 that the innervation of the anterior capsule is 
primarily provided by the articular branches of the obtu-
rator and femoral nerves. In our study, we note that there 
was no femoral nerve blockade (both sensory and motor), 
and we postulate that this may explain the lack of analge-
sic effect reported in our study. Our findings contrast with 
other quadratus lumborum blocks described. Diffusion to 
the lumbar plexus after an anterior quadratus lumborum 
block has been reported in two cadaveric studies,5,6 and a 
case report described a femoral blockade after a lateral qua-
dratus lumborum block.7
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Risk of Postoperative 
Pulmonary Complications: 
Comment

To the Editor:

We read with the interest the report by Li et al.1 
of their single-center retrospective registry anal-

ysis on reversal of neuromuscular blockade and post-
operative pulmonary complications. No difference in 
the odds of postoperative pulmonary complications was 
observed between patients receiving sugammadex (4.2%) 
or neostigmine (5.9%) (adjusted odds ratio, 0.89; 95% CI, 
0.65 to 1.22). This result is consistent with the largest pro-
spective cohort study2 and the two small randomized con-
trolled trials3,4 to date, but contrasts with a much larger 
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multicenter retrospective registry analysis5 where sugam-
madex was reported to be superior to neostigmine. A large 
randomized controlled trial is clearly required to resolve 
this issue.

One reason for differences between the abovementioned 
studies may be inconsistency in the definition of the com-
posite primary endpoint (table 1). Well-constructed com-
posite endpoints summarize the important consequences 
of a condition or intervention.6 Each component should 
be mechanistically linked to the condition or intervention, 
should meet a threshold for impact on health, and, ideally, 
should be of a similar type (i.e., diagnoses, clinical events, 
or management strategies). This was not the case for Li 
et al.’s retrospective registry analysis1 or the other studies 
mentioned in this letter.2–5 Although there is a clear patho-
physiologic relationship between inadequate reversal of 
neuromuscular blockade and pneumonia, mechanical ven-
tilation for 48 h or longer and unplanned intubation may 
be required to treat conditions that are not associated with 
residual paralysis, including cardiac and neurologic events 
and surgical complications such as bleeding.1 The question 
is how this affected the apparent incidence of postoperative 
pulmonary complications in the study of Li et al. and the 
validity of the conclusions they drew about reversal.

In 2018, Abbott et al.6 conducted a systematic review 
and consensus-building Delphi process to identify a rec-
ommended definition of postoperative pulmonary compli-
cations. They identified 27 different definitions but could 

not reach consensus about the best existing definition. 
They therefore developed a new definition consisting of 
diagnoses that are mechanistically related to anesthesia and 
that exceed a threshold for impact on health: atelectasis, 
pneumonia, acute respiratory distress syndrome, and aspira-
tion pneumonitis. We propose that future registry analyses 
extract data in line with this definition rather than rely-
ing on clinical events that may arise from nonpulmonary 
conditions.
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Table 1. Postoperative Pulmonary Complications in Noncardiac Surgery Patients

 Kirmeier et al.2 Togioka et al.3 Lee et al.4 Kheterpal et al.5 Li et al.1

Design Prospective cohort study Randomized controlled trial Randomized controlled trial Retrospective cohort study Retrospective cohort study
 Sample size 8,795 200 93 45,712 10,491
 Neostigmine 6,805 100 46 22,856 7,800
Sugammadex 1,990 100 47 22,856 2,691
Region Europe United States Korea United States United States
Sites Multicenter Single center Single center Multicenter Single center
Patient age ≥ 18 yr ≥ 70 yr > 18 yr ≥ 18 yr ≥ 18 yr
Assessment 28 days Hospital discharge Hospital discharge Hospital discharge 30 days
Primary outcome      
 Atelectasis Yes Yes Yes   
 Pneumonia Yes Yes Yes Yes Yes
 Aspiration pneumonitis Yes Yes  Yes*  
 Respiratory failure Yes   Yes  
 Bronchospasm Yes     
 Pulmonary congestion Yes   Yes*  
 Pulmonary infiltrates Yes     
 Pulmonary embolism    Yes*  
 Pneumothorax  Yes  Yes*  
 Ventilation ≥ 48 h     Yes
 Unplanned intubation   Yes  Yes
 Desaturation/hypoxia  Yes Yes   
 Upper airway obstruction  Yes    
 Respiratory failure  Yes    
 Prolonged air leak   Yes   

*Part of “other respiratory complications.”5
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Risk of Postoperative 
Pulmonary Complications: 
Reply

In Reply:

We appreciate Leslie et al.’s1 interest in our recent sin-
gle-center retrospective registry analysis of postop-

erative complications after neuromuscular blockade with 
neostigmine versus sugammadex,2 and we certainly agree 
that a large randomized controlled trial would be benefi-
cial in further elucidating the mixed results that have been 

published to date. We also agree that, ideally, retrospec-
tive studies should only use endpoints that were directly 
related to the condition or intervention under study, and 
that those endpoints should not be influenced by other fac-
tors. However, in constructing a retrospective study, one is 
immediately confronted with the problems of data avail-
ability and data quality and with the reality that all clinical 
endpoints are invariably influenced by multiple overlapping 
processes.

We chose to use a subset of outcomes, as defined by the 
American College of Surgeons’ (Chicago, Illinois) National 
Surgical Quality Improvement Program, because of the 
robust validation and quality assurance processes that are an 
integral component of data collection in that program.3 Data 
in the National Surgical Quality Improvement Program data-
base undergo rigorous validation, including periodic audit 
and assessment of interrater reliability. Outcomes are defined 
using clear and consistent definitions. In light of this, we 
would contend that we used data significantly more robust 
than existing alternative options. Although we could have 
attempted to use the exact definitions proposed by Abbott et 
al.,4 we do not believe it would have been feasible to reliably 
extract those outcomes as defined from the electronic health 
record, with aspiration pneumonitis and atelectasis being the 
most challenging. Additionally, although the Abbott et al. 
outcomes are mechanistically related to anesthesia, they may 
not be related to the question at hand. For instance, although 
inadequate neuromuscular blockade could lead to aspira-
tion pneumonitis, recent guidelines aimed at decreasing the 
incidence of aspiration are focused largely on initial airway 
management, without even a mention of neuromuscular 
blockade reversal.5 Whereas Leslie et al.’s1 summary of the 
Abbott et al.4 outcomes lists only acute respiratory distress 
syndrome, a closer examination of Abbott’s et al.’s4 recom-
mendations for postoperative respiratory failure reveals that 
they also include mechanical ventilation, defined as either 
reintubation or prolonged intubation after surgery. Those are 
two of the three outcomes that we included in our study. 
Our third outcome, pneumonia, is already one of the Abbott 
et al. outcomes that Leslie et al. mention. We contend that we 
used high-quality data to measure outcomes aligned with 
existing consensus definitions.
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One-lung Ventilation and 
Complications: Comment

To the Editor:

With interest, we read the article by Colquhoun et al. 
on the association between a tidal volume regimen 

during one-lung ventilation and postoperative pulmonary 
complications.1 In the article’s title and Discussion section, 
the authors claim that the tidal volume regimen was not 
associated with the studied outcome, and in the Results 
section, they explicitly report a “lack of association.”

While it is not our intention to criticize or debase 
this otherwise excellent study, we would like to address 

a fundamental statistical misconception that we regularly 
observe in medical literature: the misinterpretation of non-
significant hypothesis test results as evidence for the lack of 
a difference, effect, or association.

A nonsignificant result of a superiority test merely 
means that there is insufficient evidence to reject the 
null hypothesis and claim a difference, effect, or asso-
ciation. Importantly, however, it does not exclude clin-
ically important differences, and thus does not imply 
that treatments (or whatever exposure is being studied) 
have equivalent effects on (or association with) some 
outcome.2

Rather than focusing on only statistical significance, 
we would like to highlight the importance of consider-
ing the CI of the effect size estimate when interpreting 
study results.3 Inferences from a study should apply to 
the population from which the data were sampled, not to 
the sample itself, and the CI provides a range of plausible 
estimates of what the “true” effect (or association) could 
be in that population. More formally, the CI contains 
the true population parameter in a fixed percentage of 
cases with repeated sampling, and this fixed percentage—
often arbitrarily set at 95%—is termed the confidence level. 
This means that if a study was to be repeated indefinitely 
under the same conditions, each time with a new sam-
ple from the same population, and if the 95% CI for the 
treatment effect were computed each time, 95% of the 
varying CIs would contain the unknown true population 
parameter. In contrast to common belief, this does not 
mean that there is a 95% probability that any particular 
CI contains the true population parameter. For example, 
in the study by Colquhoun et al., the confounder adjusted 
odds ratio was 0.86 with a 95% CI of 0.56 to 1.32. Let 
us assume that the true odds ratio that authors aim to 
estimate (which, of course, is actually unknown) is, say, 
0.9. Now, it does not make any sense to say that there is 
a 95% probability that 0.9 falls within the range between 
0.56 and 1.32. The CI either contains the unknown true 
population value or does not, and the probability of con-
taining this value is therefore either 1 or 0. In practice, 
it is generally unknown whether or not a particular CI 
contains the population parameter of interest. However, 
the vast majority of 95% CIs do contain the parameter, 
and thus, there is a good reason to believe that a particu-
lar 95% CI estimated in a study “likely” (even though we 
cannot assign a specific probability) includes the popula-
tion parameter.

While statistical significance and CIs are often thought 
of as two distinct entities, they are actually closely related: 
when the 95% CI contains the null-hypothesis value of 
no effect (or no association)—for example, 1 for an odds 
ratio or 0 for a mean difference—the data are compatible 
with the lack of an effect, and a corresponding hypoth-
esis test at a 100% − 95% = 5% (0.05) significance level 
would be “nonsignificant” (i.e., would result in a P > 0.05).4  
However, being compatible with the lack of an effect can still 
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