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Does sugammadex reduce postoperative airway failure?
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There is little debate that residual neuromuscular blockade (often defined as a threshold
train-of-four [TOF] value less than 0.9 or 0.951) is associated with postoperative upper
airway muscle dysfunction. This is evident from pharmaco-physiological interaction studies
in volunteers in which small quantities of neuromuscular blocking agent are infused into
awake patients, a study design that removes the confounding effects of surgery and
anesthesia. The consistent observation is that minimal neuromuscular blockade (TOF-ratio
0.7 to 0.95) leads to upper airway dilator muscles dysfunction?, partial supralaryngeal
airway obstruction during inspiration?3, impaired swallowing®, and increased risk of food
displacement into the laryngeal inlet® (Figure 1).

The data indicating a high vulnerability of the upper airway function to the use of
neuromuscular blocking agents in volunteers translate to patients after surgery: high doses of
non-depolarizing neuromuscular blocking agents and incomplete recovery of the TOF-ratio
are associated with clinical indicators of postoperative upper airway obstruction and
hypoxia®. In addition, patients with residual neuromuscular blockade require postoperative
intensive care unit admission more frequently’. For this reason, many clinicians routinely
use acetylcholine esterase inhibitors to reverse residual neuromuscular blockade at the end
of surgery, an approach that can further impair respiratory muscle function when these
reversal drugs are given despite full recovery from neuromuscular transmission block.
Quantitative assessment of neuromuscular function continues to be poorly utilized leading to
imprecise dosing of acetylcholine esterase inhibitors. Inappropriate administration of
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neostigmine in the absence of neuromuscular blockade has been shown to impair airway
dilator muscle activity, increase airway collapsibility, and produce a restrictive pattern of
ventilation8:9,

Although encapsulating agents such as sugammadex intrinsically possess no properties that
reduce postoperative pulmonary complications, they do provide faster and more complete
reversal of neuromuscular blockade. In contrast to the acetylcholine esterase inhibitor
neostigmine, encapsulating agents do not affect upper airway muscle function and they
allow for complete reversalll,

In this month’s issue of Anesthesia & Analgesia, Krause and colleagues present important
new information suggesting that the use of encapsulating drugs may reduce postoperative
airway failure, indicated by a lower utilization of postoperative non-invasive ventilation12,
The transition from neostigmine to sugammadex was near-complete, 99.97% (3419/3420) of
patients in the pre-sugammadex group received neostigmine and 99.41% (3873/3896) of
patients in the post-sugammadex group received sugammadex. Capitalizing on this rapid
transition from neostigmine to sugammadex, the authors used an interrupted time series
design to analyze the consequences of this change in practice. The incidence of
postoperative reintubation or requirement for non-invasive ventilation was 6.1% (209/3420)
in the pre-sugammadex group and 4.2% (164/3896) in the post-sugammadex group.
Interrupted time series analysis using segmented logistic regression modeling with
adjustment for potential confounders was used to show that the transition to sugammadex
was associated with reduced odds of re-intubation or initiation of non-invasive ventilation.

Interrupted time series analysis: A valid method to examine the

consequences of a change in clinical practice

Overall, the authors are to be applauded for applying sophisticated methods to evaluate the
effects of their quality improvement study. We provide additional advice that may be helpful
to improve the quality of future studies (Table 1).

Krause and colleagues utilized an interrupted time series design, which is quasi-
experimental approach, to evaluate the longitudinal effects of an intervention (institutional
change from neostigmine to sugammadex) on a variable of interest (reintubation or initiation
of non-invasive ventilation) over time!3. The following methodological issues may impact
the interpretation of interrupted time series designs: confounding bias, provider learning
effects, between-period measurement change, regression to the mean, and placebo effects
(Table 1)14. The authors handled these challenges well. To reduce confounding bias, the
authors included characteristics suspected to change between study periods using a pre-
specified confounder model. Since the outcome was studied from August 15 2015 to May 12
2017, the authors were likely to have avoided significant measurement changes between
periods, which need to be considered as a consequence of other practice changes. The
authors also evaluated the rate of change in the outcome over time, which effectively avoid
the caveats of solely studying means between periods that can be confounded by
measurement changes. The authors also successfully overcame threats to validity related to
regression to the mean (the observation that a high-incidence period tends to be followed by
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a low-incidence period due to chance alonel4), placebo effects (providers knowing they are
being studied and adjusting patient care accordingly), and learning effects (significant
improvements that may have occurred due to clinician experience) by using long enough
study periods?3.

In general, segmented regression analysis with an interrupted time series design requires a
different data set-up than traditional models. Specifically, instead of using individual-level
covariates, all data should be aggregated within equally spaced chosen time intervals (week,
month, or quarter). While the characteristics of patients are shown in the first row of the
data, in segmented regression, all patients from month 1 were summarized in the first row of
the data (Table 1). Krause and colleagues used individual-level data, which may have
confounded the time series results!3. The authors also failed to assess for autocorrelation, the
idea that observations made closer together tend to be more similar than observations
separated by a long duration of time.1# When this correlation is significant, failing to
account for the correlation will lead to overestimation of the effect of interest, resulting in
the Type | error.

What can clinicians learn from this quality improvement study?

The shortcomings of before-after studies aside, this investigation has several notable quality
features. The before and after study periods included the same calendar months, thereby
decreasing the impact of seasonal changes in flu risk and staffing that may affect the
initiation of non-invasive ventilation. The wash out period was short (three months),
decreasing the likelihood that unmeasured variables such as changes in clinical practice,
surgical techniques, or anesthetic practice differed between study periods. The study was
large, including 7,316 patients. Lastly, the research question was assessed in a “real-world”
situation without the constraints of strict inclusion criteria and idealized study conditions,
improving study generalizability.

It is important to note that the authors, in fact, observed changes in postoperative airway
failure — a subtype of postoperative respiratory failure. Krause and colleagues comment that
the incidence of reintubation amongst all patients was 0.8% and the incidence of initiation of
non-invasive ventilation was 4.9%. The reduction in pulmonary complications observed in
this study was driven by changes in non-invasive ventilation whereas the authors did not find
a difference in reintubation requirement. The initiation of hew non-invasive ventilation for 1
in 20 patients is substantial; the manuscript could be strengthened by including the criteria
used for initiation of non-invasive ventilation, which would help readers understand this rate.

The article is not without limitations. Routine screening for sleep apnea with alerts and
perioperative management guidance for high-risk patients has been associated with lower
requirement for postoperative mechanical ventilation®. A conservative interpretation of
study results includes the caveat that the increased institutional focus on sleep apnea during
the study period may have decreased the incidence of non-invasive ventilation in the post-
sugammadex period. The percentage of patients without documented peripheral nerve
stimulation reduced from 7.9% with neostigmine to 3.3% with sugammadex. This is perhaps
in part also related to an increased institutional focus on monitoring neuromuscular
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blockade, which may improve accurate dosing of reversal agents, and reduce postoperative
respiratory failure. An additional limitation is the absence of quantitative neuromuscular
blockade monitoring. Without quantitative monitoring in the post-anesthesia care unit, it is
impossible to conclude that recovery of neuromuscular transmission mediates the decrease
in postoperative airway failure observed following introduction of sugammadex. In addition,
87.7% (6,418 / 7,316) of patients received neostigmine or sugammadex with a documented
train-of-four count of 4/4. The study may not be generalizable to patients reversed at a
deeper level of neuromuscular blockade, or those clinicians who don’t use neuromuscular
transmission monitoring.

In conclusion, the present analysis shows that immediate postoperative airway failure is
lower with the encapsulating agent sugammadex than with the acetylcholine esterase
inhibitor neostigmine. The change in practice from neostigmine to sugammadex had
beneficial effects on postoperative respiratory function that need to be further validated in
future studies. A reduction in postoperative residual blockade has been associated with
reduced odds of intensive care unit admission, but no change in hospital costs’. Accordingly,
there is insufficient evidence to conclude these beneficial effects on postoperative respiratory
function translate to cost reduction.

Glossary of Terms:

TOF train-of-four
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Tensor palatine

Partial supralaryngeal
airway obstruction

Genioglossus

Figure 1:
Pharmaco-physiology of upper airway failure during residual neuromuscular blockade.

Minimal residual neuromuscular blockade (train-of-four ratio 0.5-0.95) affects upper airway
dilator muscle function which increases the vulnerability of the supralaryngeal airway to
collapse during inspiration. The left panel shows a patient with full recovery of
neuromuscular transmission. During inspiration, physiological coactivation of the tensor
palatine and genioglossus muscles, which occur about 100 milliseconds before the
contraction of the respiratory pump muscle (diaphragm), prevent negative inspiratory
pressure related upper airway collapse. The right panel demonstrates the pharmaco-
physiology during minimal neuromuscular blockade: the negative pressure generated by the
diaphragm leads to a complete or partial collapse of the retronasal or retroglossal airway.
These effects of residual neuromuscular transmission blockade can be treated with the
application of non-invasive ventilation.
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Table 1.

Considerations for studies using segmented regression analysis with an interrupted time series design.

Considerations

Analytic approach
to resolve bias

Quality of analytic approach
to resolve bias

Confounding bias

Confounding variables should be
adjusted in the regression models, such
as comorbidities, duration of surgery,
procedure type, anesthetic
management, clinician experience.

The confounding bias can be partially resolved
when controlling for patient’s comorbidities,
procedural severity, anesthesia-related risk
factors, clinician experience. Confounding can be
minimized when using a short study period.
Additionally, one should consider if there is
unobserved confounding.

Measurement changes
between periods

Be aware of measurement changes
during long period of study time: here
postoperative non-invasive ventilation
prescriptions and documentation.
Compare rates of change in the
outcome variable, rather than just
comparing means between periods.

This problem can be largely resolved using
segmented regression with an interrupted time
series design.

Regression to the mean

Evaluate long enough study periods
before and after the intervention so that
the natural fluctuations can be
accounted for.

This problem can be largely resolved.

Placebo effects

Adjusting for confounding variables and
using long enough study periods.

Ideally, a concurrent control group of patients
who did not receive the intervention (e.g.,
partner hospital). When it is used, almost all
potential threats in interrupted time series
design can be resolved. Long observation period
minimizes placebo bias.

Autocorrelation between
measurements

Correlogram of the residuals from the
regression models can be plotted for
visual inspection. Durbin-Watson test
can be performed. When necessary,
first-order, or higher-order
autocorrelation should be used.

This problem can be resolved.

Wash-in and/or Wash-out
period

One can specify a wash-in/wash-out
period, during which the intervention
might not be fully effective and the
previous treatment might still be in
effect. Analysis then should be
performed by excluding this period.

Careful considerations should be given whether
a wash-in and/or wash-out is required for
individual study. Here: complete change from
neostigmine to sugammadex was achieved.

Aggregated data set-up

After the time interval is chosen, each
row of the data represents the
aggregated information for the time
interval, not each individual patient.

Traditional logistic regression layout:

ID Y Exposure Month Sex
1 0 1 1 F
2 1 0 1 M

Segmented regression for interrupted time series
design layout:

Obs | Y=1 Exposure Month Male
1 66% | 0 1 56%
2 35% |1 2 53%

*
This table was generated based on Mascha and Sessler 2019 and Wagner, et a/. 2002.
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