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ABSTRACT

Background: Residual postoperative paralysis from nondepolarizing neuromuscular blocking agents (NMBAs) is a known
problem. This paralysis has been associated with impaired respiratory function, but the clinical significance remains unclear.
‘The aims of this analysis were two-fold: (1) to investigate if intermediate-acting NMBA use during surgery is associated with
postoperative pneumonia and (2) to investigate if nonreversal of NMBAs is associated with postoperative pneumonia.

Methods: Surgical cases (n = 13,100) from the Vanderbilt University Medical Center National Surgical Quality Improvement
Program database who received general anesthesia were included. The authors compared 1,455 surgical cases who received an
intermediate-acting nondepolarizing NMBA to 1,455 propensity score—matched cases who did not and 1,320 surgical cases
who received an NMBA and reversal with neostigmine to 1,320 propensity score—matched cases who did not receive reversal.
Postoperative pneumonia incidence rate ratios (IRRs) and bootstrapped 95% Cls were calculated.

Results: Patients receiving an NMBA had a higher absolute incidence rate of postoperative pneumonia (9.00 »s. 5.22 per
10,000 person-days at risk), and the IRR was statistically significant (1.79; 95% bootstrapped CI, 1.08 to 3.07). Among surgi-
cal cases who received an NMBA, cases who were not reversed were 2.26 times as likely to develop pneumonia after surgery
compared to cases who received reversal with neostigmine (IRR, 2.26; 95% bootstrapped CI, 1.65 to 3.03).

Conclusions: Intraoperative use of intermediate nondepolarizing NMBAs is associated with developing pneumonia after
surgery. Among patients who receive these agents, nonreversal is associated with an increased risk of postoperative pneumonia.

(ANEsTHESIOLOGY 2016; 125:647-55)

NESTHESIOLOGISTS can monitor neuromuscu-
lar transmission in the operating room to assess the

degree of neuromuscular block using train-of-four (TOF) ¢ The effects of nondepolarizing neuromuscular blocking agents
stimulation. However, this monitoring is often subjec- can last beyond the time the patient leaves the operating room

despite monitoring neuromuscular transmission and reversing
neuromuscular blockade with acetylcholinesterase inhibitors
acetylcholinesterase inhibitors, most commonly neo- Postoperative residual neuromuscular block is associated with
stigmine, are administered to reverse the neuromuscular symptoms that may lead to impaired breathing or diminished
protective airway reflexes

What We Already Know about This Topic

tive, inaccurate, and inconsistently applied.! Sometimes,

blockade. Using acetylcholinesterase inhibitors increases
the amount of acetylcholine in the synaptic cleft and thus What This Article Tells Us That Is New
counteracts the effects of neuromuscular blocking agents

e The incidence of pneumonia in patients receiving a neuro-
2 . .
(NMBAs).* Despite these strategies, the effects of nonde- muscular blocking agent was 1.79 times that of propensity-

polarizing NMBAs can last beyond the time the patient matched patients who did not receive a neuromuscular
blocking agent

* The incidence of pneumonia in patients receiving a neuro-
muscular blocking agent without reversal of neuromuscular

leaves the operating room. Approximately 40% of patients
who receive intermediate-acting NMBAs enter the post-
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anesthesia care unit (PACU) with postoperative residual blockade with neostigmine was 2.26 times that of propensity-
neuromuscular block (PORB), defined as a TOF ratio less matched cases who received reversal with neostigmine

than 0.9.> PORB is associated with impaired pharyngeal

function,*’ increased aspiration risk,” upper airway muscle ~ considered acceptable recovery.”® Such symptoms may
weakness,® and partial upper airway obstruction.® These  lead to impaired breathing or diminished protective airway
symptoms have been observed even among patients with ~ reflexes, which are essential in order to avoid respiratory

TOF ratios between 0.7 and 0.9, which were historically ~ complications.’
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The availability of validated retrospective data from the
National Surgical Quality Improvement Program (NSQIP),
which include patient demographic information, preop-
erative conditions, intraoperative variables, and 30-day
postoperative occurrences, enabled the examination of intra-
operative NMBA use and NMBA reversal as risk factors for
postoperative respiratory complications at our university-
affiliated tertiary-care hospital.!®!! Of these respiratory
complications, we selected postoperative pneumonia, which
is associated with increased mortality, morbidity, hospital
stays, and healthcare costs.'?> We hypothesized that patients
who receive NMBAs during surgery may be more likely
to develop postoperative pneumonia. Additionally, among
patients who receive NMBAs, we hypothesized that patients
who do not receive reversal with an acetylcholinesterase
inhibitor may also have an increased risk of postoperative
pneumonia.

Materials and Methods

Eligibility

Surgical cases who received general anesthesia and who
underwent surgery between July 2005 and September
2013 were extracted from Vanderbilt University Medical
Center’s (VUMC; Amsterdam, the Netherlands) NSQIP
database. NSQIP data are entered by a trained surgical
clinical reviewer. After a baseline sample of 15 general and
vascular surgery cases, all colectomies, proctectomies, and
ventral hernia repairs performed in a NSQIP-determined
8-day cycle are targeted for selection; additional cases are
randomly sampled if necessary to achieve the requisite 40
cases per cycle.'® Cases are followed up for 30 days postop-
eratively.!! NSQIP excludes patients who are less than 18 yr
old, those who are admitted for trauma or transplantation,
and those whose operative procedure results from complica-
tions of another diagnostic or surgical procedure within the
previous 30 days. Supplemental intraoperative data regard-
ing medications were obtained from VUMC’s perioperative
data warehouse. For statistical analyses, we excluded surgical
cases with no follow-up and surgical cases with incomplete
intraoperative medication documentation. Additionally, we
excluded cases who received pancuronium, a long-acting
nondepolarizing NMBA, since it is uncommonly used and
has been associated with a higher incidence of postoperative
residual block and pulmonary complications compared to

intermediate—acting agents.14

Postoperative Pneumonia Definition

Patients were defined as having postoperative pneumonia
if they met the NSQIP definition of pneumonia after sur-
gery. NSQIP defines pneumonia as the presence of at least
one definitive chest radiologic examination and at least
one sign of pneumonia (fever, leukopenia, leukocytosis,

* Standard weight status categories associated with BMI ranges for
adults.'”
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or altered mental status with no other cause), as well as at
least one microbiologic laboratory finding (positive cul-
tures from blood, bronchoalveolar lavage, or pleural fluid
specimens) or at least two symptoms (new onset of puru-
lent sputum, new onset of or worsening, cough, dyspnea
or tachypnea, rales or rhonchi breath sounds, or worsening
gas exchange).!® Patients with an underlying pulmonary or
cardiac disease are required to have at least two or more
definitive serial chest radiologic exams. An element of the
infection criterion could be present before the surgery, as
long as all elements used to satisfy the definition were pres-
ent together after the time of surgery. We excluded patients
who met the definition criteria for pneumonia at the time
of surgery.

Statistical Analysis

To control for potential confounding, we performed two
propensity score—matched analyses. Logistic regression
modeling was used to calculate the probability of receiv-
ing an intermediate-acting nondepolarizing NMBA (either
cisatracurium, rocuronium, or vecuronium) during sur-
gery. Patient age, sex, body mass index (BMI), American
Society of Anesthesiologists physical status classification,
emergency surgery status, scheduled duration of the sur-
gical procedure, procedure type (classified using Clinical
Classifications Software [CCS] groupers),!® primary sur-
geon on the case, primary anesthesiologist on the case, if
the surgery occurred during normal business hours, and
the year of surgery were included as independent vari-
ables in the model. Sparsely represented CCS catego-
ries were combined in a separate “other” CCS category.
BMI was modeled as a categorical variable with four lev-
els: underweight (BMI less than or equal to 18.5kg/m?),
normal (18.5 < BMI < 25), overweight (25 < BMI < 30),
and obese (BMI greater than or equal to 30kg/m?).*"
Scheduled surgical duration was modeled as a categorical
variable with four levels: less than 24, 24 to 48, 48 to 96,
and greater than 96h. Anesthesiologists who performed
less than 500 cases were combined into a separate provider
group. The same logic was applied to surgeons. Age was
modeled using restricted cubic splines to allow for nonlinear
associations. To account for observations with missing data,
we performed five rounds of multiple imputation (using the
PROC MI, a multiple imputation procedure, in SAS, SAS
Institute Inc., USA). We then calculated the average pro-
pensity score across the five imputed data sets. Surgical cases
who received an NMBA were matched to those who did not
ina 1:1 ratio using 8 to 1 greedy matching.'® This algorithm
first matches the exposed to the unexposed on eight digits of
the propensity score. For those who do not match on eight
digits, the exposed are then matched to the unexposed on
seven digits of the propensity score. The algorithm proceeds
sequentially to the lowest digit match on propensity score
(one digit).

Bulka et al.
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For the second propensity score—matched analysis, we
only included surgical cases who had received an NMBA
during surgery. We then calculated the propensity score
of receiving reversal of NMBA with an acetylcholinester-
ase inhibitor. In addition to the covariates included in the
first propensity score model, we included the amount of
time between the last dose of NMBA administered and the
end of the surgical case (i.c., the time the patient left the
operating room). Along with age, the time between the last
dose of NMBA and the end of surgery was modeled using
restricted cubic splines. Again, we calculated the mean pro-
pensity score across the five imputed datasets for observa-
tions with missing data and then matched each surgical
case who received NMBA reversal to a case who did not,
using an 8 to 1 greedy matching algorithm. At least 98%
of matches in scores occurred at two-digit levels in both
analyses.

Balance between the matched cohorts was assessed
using the standardized difference before and after propen-
sity score matching,'” with and without imputed values.
Variables with skewed distributions were compared by
calculating the standardized difference as the difference in
mean rankings divided by a pooled estimate of the within-
group SD of rankings.'? Categorical variables with more
than two levels were compared by calculating the standard-
ized difference using a multivariate Mahalanobis distance
method.'®1

The incidence rate of postoperative pneumonia was
defined as the number of new cases over the total person-
time at risk. Person-time at risk was counted as the number
of days the patient was at risk of developing postoperative
pneumonia. Follow-up began when the patient left the
operating room and extended through a 30-day period,
death, or occurrence of the primary study endpoint (post-
operative pneumonia). Patients who were lost to follow-up

VUMC NSQIP surgical cases that received general anesthesia
between July 8, 2005 and September 30, 2013
(n =13,290)

contributed person-time for the duration of hospital stay
after surgery. If the patient died during surgery, the patient
was excluded.

Incidence rate ratios (IRRs) were calculated to compare
the rate of postoperative pneumonia among surgical cases
who received an NMBA to those who did not. Among surgi-
cal cases who received an NMBA, IRRs compare those who
did not receive reversal to those who received an NMBA
with an acetylcholinesterase inhibitor. We calculated percen-
tile 95% Cls based on 1,000 bootstrap samples.'? Statistical
significance was set at a = 0.05. All statistical analyses were
performed using SAS version 9.4.

Results

There were 13,290 surgical cases included in VUMC’s
NSQIP database who received general anesthesia (fig. 1). A
total of 190 cases were excluded from analysis; 35 cases had
pneumonia present at the time of surgery, 109 had incom-
plete intraoperative medication documentation, 13 died in
the operating room, 10 were lost to follow-up immediately
after leaving the operating room, and 23 received pan-
curonium. Of the remaining 13,100 eligible surgical cases,
we matched 1,455 cases who received an NMBA to 1,455
who did not. Among the 10,594 surgical cases who received
an NMBA, we matched 1,320 who did not receive reversal
to 1,320 who received neostigmine. No other acetylcholines-
terase inhibitor was administered during this time period in
our patient cohort. In the final propensity-matched patient
cohorts, only two variables had more than 1% missing data:
BMI and scheduled surgical duration (5% and 2% missing
data, respectively).

Patient demographics and clinical characteristics before
and after propensity score matching are presented in
table 1. Standardized differences are presented in figures 2

Excluded (n = 190)

Lost to follow-up (n = 10)
Received pancuronium (n = 23)

e Pneumonia present at the time of surgery (n = 35)

e Incomplete intraoperative medication documentation (n = 109)
e Died in the operating room (n = 13)
.
.

Eligible surgeries

(n=13,100)

No reversal Propensity score matched

- —= - - \‘ - (n=1,623) (n=1,320)

Did not receive cisatracurium, rocuronium, ium, rocu , or
or vecuronium during surgery vecuronium during surgery
(n =2,506) (n = 10,594)

Reversal with igmil | | P score matched

(n=8,971) | | (n =1,320)

Propensity score matched Propensity score matched NMBA Reversal Analysis
(n = 1,455) (n = 1,455)
NMBA Analysis

Fig. 1. Flowchart of inclusion/exclusion criteria. NMBA = nondepolarizing neuromuscular blocking agent; NSQIP = National
Surgical Quality Improvement Program; VUMC = Vanderbilt University Medical Center.
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Table 1. Patient Demographics and Clinical Characteristics before and after Matching
Before Matching After Matching
Did Not Did Not

Received NMBA Receive NMBA Received NMBA Receive NMBA
NMBA Analysis (n=10,594) (n =2,506) (n =1,455) (n = 1,455)
Age (yr), mean (SD) 53 (16) 53 (15) 54 (15) 53 (15)
ASA class, median (IQR) 3(2-3) 2 (2-3) 2 (2-3) 2 (2-3)
Body mass index, median (IQR) 28.7 (24.4-35.3) 27 6 (24.0-32.4) 27.8 (23.9-32.5) 27.9 (24.1-32.4)
Emergency case, n (%) 852 (8.0) 63 (2.5) 53 (3.6) 57 (3.9)
Men, n (%) 4,681 (44.2) 752 (30.0) 542 (37.0) 538 (37.3)
Scheduled surgical duration (min), 180 (120-240) 120 (90-180) 150 (90-180) 120 (90-180)

median (IQR)

Before Matching

After Matching

Reversal with Reversal with

No Reversal Neostigmine No Reversal Neostigmine
NMBA Reversal Analysis (n=1,623) (n=8,971) (n=1,320) (n=1,320)
Age (yr), mean (SD) 55 (16) 53 (16) 54 (16) 54 (16)
ASA class, median (IQR) 3 (2-4) 3(2-3) 3(2-3) 3(2-3)
Body mass index (kg/m?), median (IQR) 28.7 (24.2-34.5) 28.7 (24.5-35.4) 28.7 (24.3-34.8) 28.7 (24.2-34.5)
Emergency case, n (%) 352 (21.7) 500 (5.6) 167 (12.7) 196 (14.9)
Men, n (%) 761 (46.9) 3, 920 (43.7) 588 (45.7) 610 (47.4)
Minutes between last NMBA dose and 63 (39-101) 68 (51-91) 67 (44-104) 69 (52-97)

surgery end, median (IQR)
Scheduled surgical duration (min),
median (IQR)

150 (120-240)

180 (120-240) 180 (120-240) 179 (120-240)

ASA = American Society of Anesthesiologists; IQR = interquartile range; NMBA = nondepolarizing neuromuscular blocking agent.

and 3. Patient age, sex, BMI, American Society of Anes-
thesiologists physical status, emergency surgery status,
scheduled duration, procedure type, primary surgeon, pri-
mary anesthesiologist, the year of surgery, and the amount
of time between the last dose of NMBA administered and
the end of the surgical case (for reversal analysis) were
not significantly different (? > 0.05) across groups after
propensity score matching, and all standardized differ-
ences were less than 0.15, representing sufficient balance
in the matched groups. The top 10 surgical procedures
(classified using the Agency for Healthcare Research and
Quality CCS categories) included in the matched cohort are
shown in the appendix table.

The surgical cases who received an NMBA during sur-
gery contributed 42,202 person-days at risk (table 2). Of
the 1,455 surgical cases in this cohort, 38 developed pneu-
monia within 30 days after surgery. The surgical cases who
did not receive an NMBA contributed 42,161 person-days
at risk. Of these cases, 22 developed postoperative pneumo-
nia. The IRR was statistically significant (IRR, 1.79; 95%
bootstrapped CI, 1.08 to 3.07). The 1,320 surgical cases
who received an NMBA during surgery without reversal
contributed 35,300 person-days at risk. A total of 149 of
these surgical cases went on to develop postoperative pneu-
monia. The surgical cases who received reversal of neuro-
muscular blockade with neostigmine contributed 37,138
person-days at risk. Of these surgical cases, 70 developed

Anesthesiology 2016; 125:647-55

pneumonia within 30 days after surgery. The IRR com-
paring surgical cases who were not reversed to those who
received neostigmine was 2.26 (95% bootstrapped CI, 1.65
to 3.03).

A post hoc sample size and power analysis of matched
sets of cases and controls was performed after the conclu-
sion of the study. In this analysis, one matched control
per case indicated that the probability of exposure (non-
depolarizing NMBAs) among controls was 0.05 and the
correlation coeflicient for exposure between matched cases
and controls was 0.6. If the true odds ratio for postop-
erative pneumonia in exposed subjects relative to unex-
posed subjects was 1.75, we would have needed to study
1,549 patients—with one matched control per case—to
be able to reject the null hypothesis that this odds ratio
equals 1 with power of 0.9. The type I error probability
associated with this test of this null hypothesis is 0.05.
Given the sample size, the current study was therefore
sufficiently powered to detect the hypothesized treatment
effect. A 75% higher odds for postoperative pneumonia
in exposed subjects relative to unexposed was recognized
to be clinically meaningful and concordant with previous

literature.?®

Discussion

We found evidence of an association between the use of
intermediate-acting NMBAs during surgery and the risk

Bulka et al.
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Fig. 2. Standardized differences between surgical cases who received nondepolarizing neuromuscular blocking agents and
those who did not. The standardized differences compare the difference in means in units of the pooled SD, enabling com-
parison of the relative balance of variables measured across different units. ASA = American Society of Anesthesiologists;
BMI = body mass index; LCL = lower control limit; UCL = upper control limit.

of postoperative pneumonia. Among patients who received
such agents, those who were not reversed with an acetylcho-
linesterase inhibitor were more than twice as likely to develop
pneumonia after surgery (IRR, 2.26; 95% bootstrapped CI,
1.65 to 3.03). The association between receiving a nonde-
polarizing muscle relaxant during surgery and developing
postoperative pneumonia is consistent with previous studies,
which have identified associations between intermediate-
acting nondepolarizing agents and postoperative respiratory
complications.?’ The association between nonreversal and
increased risk of postoperative pneumonia is a novel find-
ing that extends our understanding of the risk of developing
postoperative pneumonia.

Prospective studies in the 1990s highlighted the associa-
tion between NMBA use during surgery and postoperative
respiratory complications.!#?! These studies found that the
long-acting NMBA pancuronium was associated with a
greater risk of postoperative pulmonary complications than
the intermediate-acting NMBAs. Since that time, there has
been a focus on PORB resulting from NMBA use in the

Anesthesiology 2016; 125:647-55 651

literature,>®22-%5 but few studies have assessed downstream
health outcomes.2®?” Of those that have, the findings sug-
gest that PORB is associated with respiratory complica-
tions and increased PACU lengths of stays, but the causal
pathway between NMBAs, reversal, PORB, and postop-
erative outcomes remains unclear. Correspondingly, there
is a dearth of work that quantifies the clinical significance
of not administering an antagonist after administration of
an NMBA. Two randomized controlled trials have found
nonreversal to be associated with residual neuromuscular
blockade (TOF ratio less than 0.80)* and hypoxemia (arte-
rial oxygen saturation less than 93%) in the PACU? when
compared to reversal with neostigmine, which appears to
support our finding that not receiving neostigmine is asso-
ciated with an increased risk of developing postoperative
pneumonia.

As an observational study, we cannot establish causal-
ity or rule out the possibility of bias from unmeasured
confounders. Assignment of pneumonia is based on a ret-
rospective review of the medical record, not on clinical

Bulka et al.
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Fig. 3. Standardized differences between surgical cases who received nondepolarizing neuromuscular blocking agents (NMBA)
reversal and those who did not. The standardized differences compare the difference in means in units of the pooled SD, en-
abling comparison of the relative balance of variables measured across different units. ASA = American Society of Anesthesiolo-
gists; BMI = body mass index; LCL = lower control limit; UCL = upper control limit.

Table 2. Postoperative Pneumonia Incidence Rate Ratios

NMBA Analysis Received an NMBA (n = 1,455) Did Not Receive an NMBA (n = 1,455)

Developed postoperative pneumonia
Person-time at risk (d) 42,202
Incidence per 10,000 person-days at risk 9.00
Incidence rate ratio (95% bootstrapped Cl) -

38 surgical cases 22 surgical cases
42,161
5.22

1.79 (1.08-3.07)
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NMBA Reversal Analysis No Reversal (n = 1,320) Reversal with Neostigmine (n = 1,320)

Developed postoperative pneumonia
Person-time at risk (d) 35,300
Incidence per 10,000 person-days at risk 4.22
Incidence rate ratio (95% bootstrapped Cl) -

149 surgical cases 70 surgical cases
37,138
1.88

2.26 (1.65-3.03)

NMBA = nondepolarizing neuromuscular blocking agent.

assessment of patients. As with any surveillance system,
interpretation of clinical data with reference to definition
criteria may lead to misclassification. Bias in availability of
clinical documentation may occur with provider variation
in clinical practice, as patients who are older or sicker may

Anesthesiology 2016; 125:647-55
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be more likely to receive radiographic and laboratory test-
ing required for assignment of postoperative occurrences.*
However, we relied on the NSQIP data surveillance sys-
tem, which uses trained nurse reviewers for case adjudi-

cation and has been well validated.?™3? Our results were

Bulka et al.
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observed at a large academic medical center where proce-
dures tend to have longer operative times and patients tend
to undergo certain types of surgeries; therefore, generaliz-
ability is another potential limitation of this study. Finally,
this study did not evaluate TOF data. Quantitative acceler-
omyographic monitoring is not routinely performed at our
hospital. While our anesthesiologists do perform qualita-
tive neuromuscular monitoring, these data are not reliably
captured and have questionable efficacy in the detection of
residual paralysis.>* Furthermore, as an intermediate vari-
able in the causal pathway from nonreversal to postopera-
tive pneumonia, controlling for TOF values as a metric for
PORB could have potentially introduced overadjustment
bias to our analysis.>

Neostigmine remains the most common acetylcholin-
esterase inhibitor in the United States, as sugammadex
has only been recently approved by the Food and Drug
Administration.®> While neostigmine accelerates recovery
from neuromuscular blockade,?® the exact timing of neo-
stigmine administration is crucial as giving this drug to
patients who have already spontaneously recovered from
neuromuscular block can lead to significant upper air-
way collapsibility (comparable to a TOF ratio of 0.5).%
In fact, several recent reports have indicated that neostig-
mine may contribute to severe postoperative respiratory
complications (including increased atelectasis, pulmonary
edema, and reintubation) when used in an unwarranted
fashion.?*%" We therefore conclude that the judicious use
and proper management of neuromuscular blockade are
important components in the care of surgical patients
and preventing downstream respiratory complications.
Our study’s findings suggest that there may be a benefit to
modifying current approaches to the use of neuromuscu-
lar blockade reversal agents since failing to reverse residual
neuromuscular block may result in adverse clinical con-
sequences. Such strategies, such as routine use of quan-
titative neuromuscular monitoring, would likely be best
evaluated in a prospective clinical trial.

Research Support

Supported by the Department of Anesthesiology, Vanderbilt
University, Nashville, Tennessee; and the Anesthesia Patient
Safety Foundation, Indianapolis, Indiana (to Dr. Ehrenfeld).

Competing Interests
The authors declare no competing interests.

Correspondence

Address correspondence to Dr. Ehrenfeld: Department of
Anesthesiology, Section of Surgical Sciences, and Depart-
ment of Biomedical Informatics, Vanderbilt University Medi-
cal Center, 1301 Medical Center Drive, TVC 4648, Nashville,
TN 37232. jesse.chrenfeld@vanderbilt.edu. This article may
be accessed for personal use at no charge through the Jour-
nal Web site, www.anesthesiology.org.

Anesthesiology 2016; 125:647-55 653

References

1.

10.

11.

12.

13.

14.

15.

16.

. Cedborg AI,

Viby-Mogensen J, Jensen NH, Engbaek J, Ording H,
Skovgaard LT, Chraemmer-Jgrgensen B: Tactile and visual
evaluation of the response to train-of-four nerve stimulation.
ANESTHESIOLOGY 1985; 63:440-3

. Srivastava A, Hunter JM: Reversal of neuromuscular block. Br

J Anaesth 2009; 103:115-29

. Naguib M, Kopman AF, Ensor JE: Neuromuscular monitoring

and postoperative residual curarisation: A meta-analysis. Br J
Anaesth 2007; 98:302-16

. Sundman E, Witt H, Olsson R, Ekberg O, Kuylenstierna

R, Eriksson LI: The incidence and mechanisms of pha-
ryngeal and upper esophageal dysfunction in partially
paralyzed humans: Pharyngeal videoradiography and simul-
taneous manometry after atracurium. ANESTHESIOLOGY 2000;
92:977-84

. Eriksson LI, Sundman E, Olsson R, Nilsson L, Witt H, Ekberg

O, Kuylenstierna R: Functional assessment of the phar-
ynx at rest and during swallowing in partially paralyzed
humans: Simultaneous videomanometry and mechano-
myography of awake human volunteers. ANESTHESIOLOGY
1997; 87:1035-43

. Eikermann M, Groeben H, Hiising J, Peters J: Accelerometry

of adductor pollicis muscle predicts recovery of respira-
tory function from neuromuscular blockade. ANESTHESIOLOGY
2003; 98:1333-7

. Ali HH, Kitz RJ: Evaluation of recovery from nondepolarizing

neuromuscular block, using a digital neuromuscular trans-
mission analyzer: Preliminary report. Anesth Analg 1973;
52:740-5

. Murphy GS, Brull SJ: Residual neuromuscular block: Lessons

unlearned. Part I: Definitions, incidence, and adverse physi-
ologic effects of residual neuromuscular block. Anesth Analg
2010; 111:120-8

Sundman E, Bodén K, Hedstrom HW,
Kuylenstierna R, Ekberg O, Eriksson LI: Pharyngeal function
and breathing pattern during partial neuromuscular block
in the elderly: Effects on airway protection. ANESTHESIOLOGY
2014; 120:312-25

Hall BL, Hamilton BH, Richards K, Bilimoria KY, Cohen
ME, Ko CY: Does surgical quality improve in the American
College of Surgeons National Surgical Quality Improvement
Program: An evaluation of all participating hospitals. Ann
Surg 2009; 250:363-76

Vaid S, Bell T, Grim R, Ahuja V: Predicting risk of death
in general surgery patients on the basis of preoperative
variables using American College of Surgeons National
Surgical Quality Improvement Program data. Perm J 2012;
16:10-7

Wren SM, Martin M, Yoon JK, Bech F: Postoperative pneumo-
nia-prevention program for the inpatient surgical ward. J] Am
Coll Surg 2010; 210:491-5

American College of Surgeons National Surgical Quality
Improvement Program (ACS NSQIP): ACS NSQIP: How
It Works. Chicago, Illinois, American College of Surgeons,
2012, pp 1-11

Berg H, Roed ], Viby-Mogensen J, Mortensen CR, Engbaek
J, Skovgaard LT, Krintel JJ: Residual neuromuscular block
is a risk factor for postoperative pulmonary complica-
tions. A prospective, randomised, and blinded study of
postoperative pulmonary complications after atracurium,
vecuronium and pancuronium. Acta Anaesthesiol Scand
1997; 41:1095-103

American College of Surgeons National Surgical Quality
Improvement Program (ACS NSQIP): Chapter 4: ACS NSQIP -
CLASSIC Variables & Definitions. Chicago, Illinois, American
College of Surgeons, 2010

HCUP Clinical Classifications Software (CCS) for ICD-
9-CM: Healthcare Cost and Utilization Project (HCUP).

Bulka et al.

¥202 UdJe| €1 uo 1senb Aq ypd'8L000-0 000491 0Z/€62SLE/LY9IvISTL/4Pd-01o1E/ABOIOISBUISBUE/WOD JIBYDIBA|IS ZESE//:d)Y WO papeojumoq

Copyright © 2016, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.


mailto:jesse.ehrenfeld@vanderbilt.edu
http://www.anesthesiology.org

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Rockville, MD, Agency for Healthcare Research and
Quality, 2006-2009

Centers for Disease Control and Prevention. Available at:
http://www.cdc.gov/healthyweight/assessing/bmi/adult_
bmi/#InterpretedAdults. Accessed November 25, 2015
Parsons L: Performing a 1:N case-control match on propen-
sity score. Paper presented at: 29th Annual SAS Users Group
International Conference. Edited by Institute S. Montreal,
Canada, 2004, pp 165-29

Efron B, Tibshirani R: An introduction to the bootstrap, 1st
CRC Press reprint edition. Boca Raton, Florida, Chapman &
Hall/CRC, 1998

Grosse-Sundrup M, Henneman JP, Sandberg WS, Bateman
BT, Uribe JV, Nguyen NT, Ehrenfeld JM, Martinez EA, Kurth
T, Eikermann M: Intermediate acting non-depolarizing neu-
romuscular blocking agents and risk of postoperative respi-
ratory complications: Prospective propensity score matched
cohort study. BMJ 2012; 345:€6329

Pedersen T, Viby-Mogensen J, Ringsted C: Anaesthetic
practice and postoperative pulmonary complications. Acta
Anaesthesiol Scand 1992; 36:812-8

Baillard C, Gehan G, Reboul-Marty J, Larmignat P, Samama
CM, Cupa M: Residual curarization in the recovery room after
vecuronium. Br J Anaesth 2000; 84:394-5

Viby-Mogensen J: Postoperative residual curarization and
evidence-based anaesthesia. Br J] Anaesth 2000; 84:301-3

McCaul C, Tobin E, Boylan JF, McShane AJ: Atracurium is
associated with postoperative residual curarization. Br J
Anaesth 2002; 89:766-9

Maybauer DM, Geldner G, Blobner M, Puhringer F,
Hofmockel R, Rex C, Wulf HF, Eberhart L, Arndt C, Eikermann
M: Incidence and duration of residual paralysis at the end of
surgery after multiple administrations of cisatracurium and
rocuronium. Anaesthesia 2007; 62:12-7

Murphy GS, Szokol JW, Marymont JH, Greenberg SB, Avram
MJ, Vender JS: Residual neuromuscular blockade and criti-
cal respiratory events in the postanesthesia care unit. Anesth
Analg 2008; 107:130-7

Butterly A, Bittner EA, George E, Sandberg WS, Eikermann
M, Schmidt U: Postoperative residual curarization from inter-
mediate-acting neuromuscular blocking agents delays recov-
ery room discharge. Br ] Anaesth 2010; 105:304-9

Barrio J, San Miguel G, Garcia V, Pelegrin F: [Influence of
neostigmine on the course of neuromuscular blockade with
rocuronium or cisatracurium: A randomized, double-blind
trial]. Rev Esp Anestesiol Reanim 2007; 54:399-404

Sauer M, Stahn A, Soltesz S, Noeldge-Schomburg G, Mencke
T: The influence of residual neuromuscular block on the inci-

dence of critical respiratory events. A randomised, prospective,
placebo-controlled trial. Eur ] Anaesthesiol 2011; 28:842-8

Anesthesiology 2016; 125:647-55

654

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Neuromuscular Blockade and Pneumonia

Arozullah AM, Khuri SF, Henderson WG, Daley J;
Participants in the National Veterans Affairs Surgical Quality
Improvement Program: Development and validation of a
multifactorial risk index for predicting postoperative pneu-
monia after major noncardiac surgery. Ann Intern Med 2001;
135:847-57

Shiloach M, Frencher SK Jr, Steeger JE, Rowell KS,
Bartzokis K, Tomeh MG, Richards KE, Ko CY, Hall BL:
Toward robust information: Data quality and inter-rater
reliability in the American College of Surgeons National
Surgical Quality Improvement Program. ] Am Coll Surg
2010; 210:6-16

Davenport DL, Holsapple CW, Conigliaro J: Assessing sur-
gical quality using administrative and clinical data sets:
A direct comparison of the University HealthSystem
Consortium Clinical Database and the National Surgical
Quality Improvement Program data set. Am J Med Qual 2009;
24:395-402

Brull SJ, Murphy GS: Residual neuromuscular block: Lessons
unlearned. Part II: Methods to reduce the risk of residual
weakness. Anesth Analg 2010; 111:129-40

Schisterman EF, Cole SR, Platt RW: Overadjustment bias
and unnecessary adjustment in epidemiologic studies.
Epidemiology 2009; 20:488-95
http://www.fda.gov/NewsEvents/Newsroom/PressAn-
nouncements/ucm477512.htm. Accessed January 15, 2016
Bevan JC, Collins L, Fowler C, Kahwaji R, Rosen HD,
Smith MF, de Scheepers LD, Stephenson CA, Bevan DR:
Early and late reversal of rocuronium and vecuronium
with neostigmine in adults and children. Anesth Analg
1999; 89:333-9

Herbstreit F, Zigrahn D, Ochterbeck C, Peters J, Eikermann
M: Neostigmine/glycopyrrolate administered after recov-
ery from neuromuscular block increases upper airway col-
lapsibility by decreasing genioglossus muscle activity in
response to negative pharyngeal pressure. ANESTHESIOLOGY
2010; 113:1280-8

Sasaki N, Meyer MJ, Malviya SA, Stanislaus AB, MacDonald
T, Doran ME, Igumenshcheva A, Hoang AH, Eikermann
M: Effects of neostigmine reversal of nondepolarizing
neuromuscular blocking agents on postoperative respira-
tory outcomes: A prospective study. ANESTHESIOLOGY 2014;
121:959-68

Meyer MJ, Bateman BT, Kurth T, Eikermann M: Neostigmine
reversal doesn’t improve postoperative respiratory safety.
BMJ 2013; 346:f1460

Arbous MS, Meursing AE, van Kleef JW, de Lange JJ,
Spoormans HH, Touw P, Werner FM, Grobbee DE: Impact
of anesthesia management characteristics on severe mor-
bidity and mortality. ANESTHESIOLOGY 2005; 102:257-068;
quiz 491-2

Bulka et al.

¥202 UdJe| €1 uo 1senb Aq ypd'8L000-0 000491 0Z/€62SLE/LY9IvISTL/4Pd-01o1E/ABOIOISBUISBUE/WOD JIBYDIBA|IS ZESE//:d)Y WO papeojumoq

Copyright © 2016, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.


http://www.cdc.gov/healthyweight/assessing/bmi/adult_bmi/ # InterpretedAdults
http://www.cdc.gov/healthyweight/assessing/bmi/adult_bmi/ # InterpretedAdults
http://www.fda.gov/NewsEvents/Newsroom/PressAn�nouncements/ucm477512.htm
http://www.fda.gov/NewsEvents/Newsroom/PressAn�nouncements/ucm477512.htm

PERIOPERATIVE MEDICINE

Appendix. Summary of Case Matching

NMBA
Did Not Receive Received
Top 10 CCS Procedure Descriptions NMBA, n (%) NMBA, n (%) Total
Thyroidectomy, partial or complete 101 (46.12) 118 (53.88) 219
Mastectomy 113 (52.07) 104 (47.93) 217
Other therapeutic endocrine procedures 106 (51.21) 101 (48.79) 207

Other hernia repair 58 (561.79) 54 (48.21) 112
Other OR lower gastrointestinal therapeutic procedures 46 (48.94) 48 (51.06) 94
Other therapeutic procedures, hemic and lymphatic system 36 (52.94) 32 (47.06) 68
Other OR procedures on vessels other than head and neck 26 (48.15) 28 (51.85) 54
Inguinal and femoral hernia repair 29 (59.18) 20 (40.82) 49
Lumpectomy, quadrantectomy of breast 22 (48.89) 23 (51.11) 45

18 ( 20 (

Amputation of lower extremity 47.37) 52.63) 38

CCS = Clinical Classification Software; NMBA = nondepolarizing neuromuscular blocking agent; OR = operating room.
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