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Abstract

Background: The prevalence and risk factors for residual neuromuscular blockade in
children remain poorly characterized. We hypothesize that specific patient and anes-
thetic risk factors may be associated with the administration of additional reversal in
children following initial reversal of rocuronium with neostigmine.

Methods: Our electronic health record was queried for patients <18 years of age who
received rocuronium and reversal with neostigmine from 2017 through 2020. Patients
receiving other nondepolarizing neuromuscular blocking drugs were excluded. The
outcome of interest was defined as the administration of additional neostigmine or
sugammadex following primary reversal with neostigmine. Time between the last
dose of rocuronium and initial dose of neostigmine, and the cumulative dose of rocu-
ronium were dichotomized. These were combined with other covariates including age,
weight, sex, racial group, procedure type, ASA physical status, >1 rocuronium dose
administered during the procedure, initial neostigmine dose <0.05mg kg’i, use of
train-of-four monitoring, duration of anesthesia, inpatient or outpatient, emergency
case, neuromuscular disease, and extremes of weight, to assess possible associations
with the primary outcome.

Results: During the study period, 101/6373 (1.58%) patients received rocuronium and
additional reversal. Dichotomization of time between last dose of rocuronium and ne-
ostigmine yielded <28 min since the last dose of rocuronium and cumulative dose of
rocuronium >0.45 mg kg hr'%. These were associated with the administration of ad-
ditional reversal with an OR 1.52 (95% Cl, 1.08-2.35) and OR 1.71 (95% Cl, 1.10-2.67),
respectively. Other risk factors included an initial neostigmine dose <0.05 mgkg™, OR
498 (95% Cl, 2.84-6.49), and African American race, OR 1.78 (95% Cl, 1.07-2.87).
Conclusion: Risk factors associated with the administration of additional re-

versal included time <28 min from the last dose of rocuronium to initial dose of
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1 | INTRODUCTION

The prevalence and risk factors for residual neuromuscular blockade
following the administration of an initial dose of neostigmine in chil-
dren who have received rocuronium remain largely unexplored. In
adults, it is clear that inadequate reversal following administration of
neostigmine remains relatively common and contributes to postop-
erative pulmonary complications.>™ In children, residual neuromus-
cular blockade and its consequences remain less well characterized.

Older studies in pediatric patients with longer acting neuro-
muscular blocking drugs have reported that residual neuromuscular
blockade is rare. One study from 1991 found no episodes of train-
of-four (TOF) ratios <70% on arrival to the recovery room after an-
esthesia.* However, more recent studies using accelerometry have
suggested that residual neuromuscular blockade in children may be
more common than previously thought. In one prospective study,
the investigators found that 27% of pediatric patients had TOF
ratios <90% in the recovery room.” In another prospective study,
37.5% of pediatric patients who received neostigmine for reversal
had TOF ratios <90% prior to tracheal extubation.® Interestingly,
simply having a TOF ratio <90% in children did not appear to be as
clinically significant, as few, if any, of the patients in both of these
studies experienced clinically significant sequelae beyond having a
TOF ratio <90%.

Therefore, while a lack of twitch response to TOF stimulation
likely requires sugammadex to reverse neuromuscular blockade by
rocuronium, the optimal choice of reversal agent in other situations
where a single twitch or other partial TOF responses are present
may be less clear. 7 Further, the risks and benefits of selecting one
reversal agent over another and risk factors for inadequate reversal
have not been well studied in children. 871° Notably, cost may also be
a factor when choosing between neostigmine and sugammadex for
reversal of rocuronium.!

The primary aim of this study was to evaluate the prevalence
of residual neuromuscular blockade following at least one dose of
rocuronium and reversal with neostigmine, and the risk factors as-
sociated with the need for additional administration of neostigmine
or sugammadex. Further, we hypothesize that specific risk factors
for administration of additional reversal may include cumulative ro-
curonium dose, time between last relaxant and reversal, and an ini-
tial reversal dose <0.05mgkg™ of neostigmine. Last, we will assess
whether patients who received additional administration of neuro-
muscular blockade reversal suffered any postoperative pulmonary
complications.

neostigmine, cumulative dose of rocuronium >0.45mgkg hr?, initial neostigmine

dose <0.05mgkg™?, and African American race.

delayed emergence from anesthesia, African American, rocuronium, neostigmine,

What is already known about this topic

e Residual neuromuscular blockade defined as a train
of four ratio <0.9 following the administration of ne-
ostigmine can occur in children receiving rocuronium.

Additional reversal may be required to correct this.

What new information this study adds

e A cumulative dose of 0.45mgkg-1 hr-1 of rocuronium,
time between the administration of rocuronium and
neostigmine of <28min, African American race, and a
neostigmine dose <0.05mgkg-1 are associated with an
increased risk of residual neuromuscular blockade fol-
lowing primary reversal of rocuronium with neostigmine
and therefore, the need for administration of additional

reversal.

2 | METHODS

After institutional IRB approval (IRBO0068834), our electronic
health records were queried for patients <18years of age who un-
derwent general endotracheal anesthesia from January 1, 2017,
through December 31, 2020. This cohort of patients was further
refined to patients who received rocuronium and neostigmine for
reversal. Patients who received succinylcholine for initial intubation,
who subsequently received rocuronium during the procedure were
also included. Patients who received exclusively sugammadex for
reversal, patients who received no reversal, and patients who re-
mained intubated following their procedure were excluded. We also
excluded any case in which the initial reversal and second dose of
reversal were given to facilitate neuromonitoring or other circum-
stances requiring full reversal prior to the end of the procedure.
Other exclusion criteria included age 218 years and administration of
another nondepolarizing neuromuscular blockade agent in addition
to rocuronium. The Strengthening The Reporting of Observational
Studies in Epidemiology (STROBE) checklist was used in the prepa-

ration of this manuscript.*?

2.1 | Primary outcome and controls

The primary outcome of interest was the administration of ad-
ditional reversal as a potential surrogate for clinically significant
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residual neuromuscular blockade, either with sugammadex follow-
ing initial reversal with neostigmine or a second dose of neostigmine.
The control group consisted of patients administered rocuronium
followed by a single dose of reversal with neostigmine followed by
successful extubation.

2.2 | Covariates

Demographic data including age, weight, sex, race, procedure type,
and ASA physical status were collected from the electronic health
record for cases and controls. Race was self-reported by the pa-
tient's parents. Surgical procedures were binned into the following 4
classes: otolaryngology (ENT), general surgery, orthopedic surgery,
and other. In addition, we collected the initial dose of neostigmine.
This was dichotomized to <0.05mgkg™ or 20.05mgkg™.!® Other
covariates included the total cumulative dose of rocuronium in mg
kg™t hr'l, as well as the interval between the last dose of rocuronium
and dose of neostigmine, more than one rocuronium dose adminis-
tered during the procedure, duration of anesthesia, high end-tidal
agent concentration defined as end-tidal sevoflurane >0.4%, or
end-tidal isoflurane >0.3%, or end-tidal desflurane >1.5%. High end-
tidal agent concentration was selected as a covariate to attempt to
potentially identify situations in which additional reversal was ad-
ministered in the setting of elevated potent inhalational agent and
delayed emergence separate and apart from situations in which
there was presumably clinically significant residual neuromuscular
blockade. Agent concentration was extracted at the administration
of a second dose of reversal in the primary outcome group as this
would have been the point where the clinician would have made the
determination in this group about whether the patient had residual
neuromuscular blockade or was simply slow to emerge. Agent con-
centration was extracted 1min prior to extubation in the control
group as this would have been the level prior to extubation. This
time point was selected because in some cases the inhalational
agent concentration was missing at the point of extubation as these
values are recorded in our electronic medical record as the average
over that minute. In several patients who received a second dose
of reversal following extubation, the end-tidal agent concentration
was extracted 1 min prior to extubation as this value is not likely to
be captured accurately with a native airway. In several other cases
where a second dose of reversal was given prior to the beginning of
emergence during surgical closure, the end-tidal agent concentra-
tion was recorded at the time of extubation as elevated concentra-
tions at the point of administration of additional reversal would be
necessary to maintain akinesis during closure and not reflective of
those that would be found at emergence. Additional covariates in-
cluded inpatient versus outpatient status, emergency case status,
time of day, neuromuscular disease, extremes of weight, and the use
of intraprocedural TOF monitoring. The presence of intraprocedural
qualitative TOF monitoring was defined as the documentation of at
least one qualitative measure of TOF 15min prior to emergence. In
addition, the TOF count value, when present, was also examined

in the initial univariate analysis. Duration of anesthesia was binned
into the following 3 categories: <60min, 60-120min, and >120 min.
Neuromuscular disease was defined as the presence of at least one
of the following: multiple sclerosis, cerebral palsy, Parkinson dis-
ease, muscular dystrophy, myotonic disorder, and mitochondropa-
thy. Time of day was dichotomized to off hours and business hours
where off hours was defined as the administration of reversal from
6pm to 7am during the week and/or Saturday and Sunday. Extremes
of weight were defined as having a weight <5th percentile or >95th
percentile according to the Center for Disease Control's standards
for age and sex.

2.3 | Complications

All records in which the patient received additional reversal were
manually reviewed for documentation of any complications includ-
ing oxygen desaturation, defined as oxygen saturation <90% for
21 min, reintubation, and increased level of post-procedure care be-
yond what had initially been anticipated, or a new oxygen require-
ment in the post anesthesia care unit (PACU). Delayed emergence
was defined as >20 min between the provider defined start of emer-
gence and extubation.

2.4 | Data validation

All cases identified by electronic review as having the outcome of
interest were manually reviewed by study staff following data ex-
traction to ensure the accuracy of covariates and the presence of the

primary outcome measure.

2.5 | Statistical analysis

An initial query at the time of project development indicated there
might be between 100 and 120 cases available. Using 10 events per
predictor, we estimated that we could develop a model with 10-12
covariates. Given that this was an exploratory analysis attempting to
evaluate more than 20 covariates, we decided a priori to implement
a least absolute shrinkage and selection operator (LASSO) multivari-
able regression model.'*

A data analysis plan was developed prior to accessing the data.
Patients who received additional reversal were compared with the
control group. All categorical covariates were evaluated initially
using the Chi-squared test to determine their association with the
primary outcome at a univariate level. Where the cell counts were
<5, Fisher's exact test was used. Continuous covariates were ini-
tially evaluated for normalcy using Shapiro-Wilk Normality test
and Kolmogorov-Smirnov goodness-of-fit test. Normally distrib-
uted data are presented as means with standard deviation, and data
that were not normally-distributed are presented as medians with
interquartile ranges. Normally distributed continuous covariates
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FIGURE 1 Case distribution of top 10 providers by volume with all other providers grouped together as “Others.” Control group versus
Additional Reversal Group. The numbers in each pie section represent the total number of cases performed by each provider within both the

control group and those that received additional reversal

were compared at the univariate level using an independent, two
sample, two-tailed t-test, while the Mann-Whitney U test was used
for comparison of nonparametric data. Significance for the univar-
iate analysis was established at p<0.05. Prior to execution of the
multivariable regression model, the covariates of cumulative dose of
rocuronium and the time interval between the last dose of rocuro-
nium and dose of neostigmine were dichotomized to maximize sen-
sitivity and specificity using Youden's index. Selective inference (Sl)
techniques designed for the LASSO model were used to determine
parameter inference on the model coefficients.’>Y” Following this
analysis, all covariates except TOF count values, because they were
not present in all patients, were entered into a LASSO regression
model. Odds ratios were calculated with p<0.05 considered signif-
icant. The lambda values used for analysis ranged from 0.00001 to
0.1. The lambda value for the final LASSO multivariable regression
model was 0.0026. In addition, we internally validated the regres-
sion model using 10-fold cross-validation to test that the model per-
formed well across randomly selected validation samples from the
dataset.

We also performed several post-hoc sensitivity analyses. The
first of these was to exclude those patients from both groups in
which the TOF count value was not documented and repeated the
LASSO analysis adding in the TOF count values closest in time to
the initial dose of neostigmine to the LASSO regression model. In
addition, we performed a repeat analysis in which the time interval
between relaxant and reversal and cumulative dose of rocuronium
were evaluated as continuous variables along with other covariates
using another LASSO regression model.

We performed several additional post-hoc analyses to evaluate
potential relationships between race and clinician behavior. These
additional analyses included a comparison of the time from last dose
of relaxant to reversal, cumulative dose of rocuronium, and the initial
dose of neostigmine between African American and all other races
combined in the group with residual neuromuscular blockade. We

also compared the TOF count value closest to initial reversal with
neostigmine. In addition, we compared the cumulative dose of ro-
curonium per hour using ideal body weight in the group requiring
additional reversal. Finally, we performed an analysis of attending
clinicians to determine if one or more attendings were significantly
overrepresented in the group with the primary outcome as com-
pared with the control group leading to selection bias.

Statistical analyses were performed in R v3.6.1 (R Foundation
for Statistical Computing) using RStudio environment v1.1.456
(RStudio).

3 | RESULTS

3.1 | The patients
A query of our electronic health record revealed 6373 patients who
received neostigmine for neuromuscular blockade reversal follow-
ing the administration of rocuronium. Of these, 101/6373 (1.58%)
patients received additional reversal, with 36 receiving sugammadex
and 65 receiving a second dose of neostigmine. The control cohort
consisted of 6272 patients. The prevalence of delayed emergence
in the group that received additional reversal, defined by the study
as an emergence time >20min, was 13/101 (13%). Not surprisingly,
the prevalence of delayed emergence in the control group was lower
390/6272 (6.22%): mean difference 6.78% (95% Cl: [6.55%-6.75%],
p = 0.0001). The prevalence of patients who received additional re-
versal 101/6373 (1.58%) was thus lower than the prevalence of those
with delayed emergence in the whole cohort 403/6373 (6.32%):
mean difference 4.78% (95% Cl: [4.69%-4.81%], p = 0.0001).
Maximizing sensitivity and specificity using Youden's index to di-
chotomize time from the last dose of rocuronium to the initial dose
of neostigmine and cumulative dose of rocuronium, yielded values
of 28min, and a cumulative dose of 0.45mgkg™ hr'! of rocuronium.
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The median dose of sugammadex rescue was 2.1mgkg™ (range 0.2-
5.5mgkg™). Finally, 11/101 (11%) received the additional dose of re-
versal after extubation. Unfortunately, documentation supporting the
clinical reasoning for administering additional reversal was present in
only one case. In that case, the clinician stated in the electronic health
record that the patient had 4/4 twitches prior to extubation but had
significant obstruction following extubation and therefore, additional
sugammadex was administered with immediate relief of symptoms.

No one attending anesthesiologist was significantly overrepre-
sented in either the control or the group with the primary outcome
(Figure 1).

3.2 | Univariate analysis

In the univariate analysis, age, increasing weight, extremes of weight,
emergency case status, African Americanrace, interval between thelast
dose of rocuronium and reversal administration <28 min, total cumula-
tive dose of rocuronium >0.45mgkg™* hr'?, and TOF count value =0
were significantly associated with the administration of additional
reversal. These results are summarized in Table 1. A histogram incor-
porating African American race and time between last dose of rocuro-
nium and neostigmine is shown in Figure 2. As time from the last dose
of rocuronium increased, the proportion of African American patients

increased in the group of patients who received additional reversal.

3.3 | Multivariable analyses

The LASSO multivariable regression model demonstrated significant
associations with an interval of <28 min from the last dose of rocu-
ronium to the primary dose of neostigmine as well as an association
with a cumulative dose of rocuronium >0.45mg kg'1 hr'l. Other fac-
tors associated with the administration of additional reversal were an
additional dose of rocuronium during the procedure, a neostigmine
dose <0.05mgkg™ and African American race. Covariates not as-
sociated with the administration of additional reversal included ex-
tremes of weight, case length, case type, and off hours case. These
results are summarized in Table 2. Sensitivity analyses in which time
between relaxant and initial reversal and cumulative dose were
treated as continuous variables were associated with a 22% reduc-
tion in odds (p<0.044) for additional reversal every 20min. These
results are summarized in Table S1. In another sensitivity analysis
incorporating number of twitches in proximity to initial reversal with
neostigmine, a TOF count value of O, 1, and 2 was associated with
the need for additional reversal. These results are summarized in
Table S2.

3.4 | Race and additional reversal

A comparison of the average time from last dose of rocuronium to
initial neostigmine reversal in patients with residual neuromuscular

blockade was 55.8+26.6min versus 44.6+34.7min (p = 0.230)
in children of African American race versus the other race groups
combined. In addition, the mean cumulative dose of rocuronium was
0.46+0.14mgkg ™ hr' versus 0.48+0.24mgkg ™ hr't (p = 0.713) in
children of African American race versus the other race groups com-
bined. When adjusted for ideal body weight, the difference again
was not statistically significant. The median TOF count value in the
African American group requiring additional reversal was O versus
1 in the Non-African American group requiring reversal. This, how-
ever, did not achieve statistical significance (p = 0.378). An overview
of TOF count value data in both the control group and those receiv-
ing additional reversal broken down by African American and Non-
African American is presented in Figure 3. Finally, the average initial
dose of neostigmine in all other children receiving additional rever-
sal was 0.05+0.02mgkg™* versus 0.05+0.03mgkg™ (p = 0.957) in
children of African American race. These results are summarized in
Table 3.

3.5 Complications in patients receiving
additional reversal

A manual review of all 101 patients with residual neuromuscular
blockade revealed one episode of oxygen desaturation of <90% for
>1min. This episode occurred during emergence from anesthesia
at the time of additional reversal administration. There were eight
episodes of new oxygen requirements after surgery in the PACU.
There was one episode of reintubation, which occurred 10h after
discharge from PACU.

4 | DISCUSSION

The primary finding of this retrospective case-control study is
that although the administration of additional reversal and clini-
cally significant residual neuromuscular blockade is uncommon, it
does occur. The prevalence of the primary outcome in this study
is sufficient enough that the clinician should be aware of specific
risk factors associated with the need for additional reversal when
using neostigmine. In addition, these results suggest that should the
clinician decide to proceed with neostigmine in situations at higher
risk for inadequate reversal, the clinician should likely use at least
0.05mgkg™. These considerations may be especially important in
situations where the patient may be at higher risk of perioperative
respiratory adverse events as a result of underlying patient factors
including comorbidities, the accumulation of metabolic debt, or loca-
tion and type of procedure.

Intuitively, there are several factors that would appear to have
the greatest impact on this decision, including a shorter interval be-
tween the last dose of relaxant and the cumulative dose of rocuro-
nium. We found it surprising that 28 min was the interval of time
between relaxant and reversal with neostigmine that placed the
patient potentially at increased risk of administration of additional
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TABLE 1 Demographics and univariate analysis of risk factors for administration of additional reversal following reversal of rocuronium
with neostigmine

Control (n = 6272) RNMB (n = 101)
Demographics Median [IQR] Median [IQR] p-Value
Age (year) 9.69 [4.01, 14.38] 14.00 [8.00, 16.00] 1.12*1074
Weight (kg) 32.66 [15.70, 58.06] 58.97 [21.32, 77.40] 1.05*10742
Demographics N (%) N (%) p
ASA =23 1570 (25.0) 34(33.7) 0.062
Weight, <5th percentile or >95th percentile 1942 (31.0) 41 (40.6) 0.049
Neuromuscular disease 12 (0.2) 1(1.0) 0.513
Male 3386 (54.0) 48 (47.5) 0.233
Inpatient 1968 (31.4) 34(33.7) 0.702
Emergency 941 (15.0) 26 (25.7) 0.004
Demographics (Ethnicity)
Hispanic 858 (13.7) 16 (15.8) 0.631
Demographics (Race) 0.045
African American 990 (15.8) 25(24.8) -
Caucasian 3609 (57.5) 54 (53.5) -
Other 1673 (26.7) 22 (21.8) -
Surgical case type 0.409
ENT 454 (7.2) 9(8.9) -
General 2727 (43.5) 45 (44.6) -
Orthopedic 1474 (23.5) 17 (16.8) -
Other 1617 (25.8) 30(29.7) -
Case length 0.677
Case length <60 min 952 (15.2) 16 (15.8) -
Case length 60-120min 2568 (40.9) 37 (36.6) -
Case length>120min 2752 (43.9) 48 (47.5) -
Other variables
Off Hours Case 995 (15.9) 14 (13.9) 0.682
Elevated End-Tidal Agent Concentration 1181 (18.8) 10(9.9) 0.031
Neuromuscular blockade variables
Initial neostigmine dose administered <28 min after 1930 (30.8) 46 (45.6) 0.002
last rocuronium dose
Rocuronium re-dosed 2497 (39.8) 56 (55.4) 0.002
Rocuronium dose >0.45mgkg™ hr™ 2639 (42.1) 54 (53.5) 0.028
Initial neostigmine dose <0.05mg kg’1 477 (7.6) 21(20.8) 7.05*107%
TOF monitored intraoperatively 3924 (62.6) 85 (84.2) 6.40%107%
TOF count =0 513(8.2) 45 (44.6) 7.54*107*
TOF count=1 251 (4.0) 8(7.9) 0.085
TOF count = 2 243 (3.9) 8(7.9) 0.069
TOF count =3 134 (2.1) 2(2.0) 0.998
TOF count = 4 2783 (44.4) 22 (21.8) 9.62*107*

Note: p<0.05 considered significant.

Abbreviations: ASA, American society of anesthesiologist physical status; ENT, otolaryngologic or airway procedure; LASSO, least absolute shrinkage
and selection operator; RNMB, residual neuromuscular blockade; TOF, train-of-four.

?Data were not normally distributed.
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TABLE 2 Odds ratios for increased likelihood of administration of additional reversal derived from LASSO multivariable regression

Variable

Demographics
ASA Classification 23
Weight, <5th percentile or >95th percentile
Male
Case type
General®
ENT
Orthopedics
Other
Race/Ethnicity
Hispanic
African American
Caucasian®
Other
Case length
Case length >120min
Case length 60-120 min
Other variables
Off Hours Case
Elevated End-Tidal Agent Concentration
Neuromuscular blockade variables

Initial neostigmine dose administered <28 min after last rocuronium
dose

Rocuronium re-dosed
Rocuronium dose >0.45mgkg™ hr't
TOF monitored intraoperatively

Initial neostigmine dose <0.05mgkg™

OR 95% ClI p-Value
1.40 0.88-2.18 0.146
1.40 0.91-2.13 0.124
0.71 0.47-1.06 0.091
1.04 0.46-2.13 0.927
0.68 0.37-1.21 0.207
1.12 0.68-1.81 0.657
1.72 0.83-3.47 0.140
1.78 1.07-2.87 0.021
0.75 0.38-1.41 0.380
0.63 0.34-1.22 0.157
0.95 0.53-1.77 0.859
0.78 0.42-1.35 0.399
0.43 0.21-0.8 0.014
1.52 1.08-2.35 0.039
1.66 1.06-2.63 0.028
1.71 1.1-2.67 0.018
3.04 1.8-5.47 3.336*107*
498 2.84-6.49 2.84*107°

Note: p<0.05 considered significant. ENT = otolaryngologic or airway procedure;

Abbreviations: ASA, American society of anesthesiologist physical status; LASSO, least absolute shrinkage and selection operator; TOF, train-of-four.

“Reference category.

reversal. Initially, we presumed that it might be significantly shorter.
Interestingly, the cumulative dose of rocuronium associated with
additional administration of neuromuscular blockade reversal was
fairly low. Generally, most clinicians do not think in terms of a cumu-
lative dose of relaxant, as they will often titrate to effect using TOF
monitoring to guide administration. Looking at these findings, even
arelatively low intubation dose of 0.5 mgkg ™! in a case lasting 45 min

where the relaxant is not re-dosed could put the patient at risk for
residual neuromuscular blockade following reversal with neostig-
mine. These data are consistent with the study by Klucka et al.® in
which shorter time intervals between the administration of relaxant
and reversal agent were found to be a risk factor for residual neuro-
muscular blockade. Specifically, there was a 19% risk reduction for
residual neuromuscular blockade with every additional 10 min from
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FIGURE 3 Distribution of train-of-four count values for African American and Non-African American in the control group (A) and those
who received additional reversal (B). The median train-of-four count value for African American patients was 0/4 compared with 1/4 in other
patients in the residual neuromuscular blockade group (p = 0.378). TOF, train-of-four count value

TABLE 3 Demographics of children who received additional neuromuscular blockade reversal with comparison of African American
children to Non-African American children

African American (n = 25) Non-African American (n = 76)

Demographics Median [IQR] Median[IQR] p-Value
Age (year) 13.0[1.00, 16.10] 14.3[9.43, 16.00] 0.420
Weight (kg) 56.52[12.02, 67.59] 60.10 [35.02, 77.70] 0.238
Median train-of-four count value prior to initial 0[0,3.5] (n=21) 1[0,4] 0.378
reversal (nh = 64)
N (%) N (%)
Male 12 (48.0) 36 (47.4) 0.890
Inpatient 7 (28.0) 27 (35.5) 0.627
Emergency 6(24.0) 20(26.3) 0.880
Weight, <5th percentile or> 95th percentile 8(32.0) 33(43.4) 0.439
Elevated end-tidal agent concentration 3(12.0) 7(9.2) 0.985
Off hours 3(12.0) 11 (14.5) 0.982
Surgical case type 0.367%
ENT 4(16.0) 5(6.6) -
General 11 (44.0) 34 (44.7) -
Orthopedics 5(20.0) 12 (15.8) -
Other 5(20.0) 25(32.9) -
Mean (SD) Mean (SD)
Case length (minutes) 135.56 (71.74) 139.42 (81.59) 0.833
Initial neostigmine dose (mgkg™?) 0.05(0.02) 0.05 (0.03) 0.957
Time from last rocuronium dose to initial 55.80 (26.55) 44.64 (34.67) 0.230
neostigmine dose (minutes)
Cumulative rocuronium dose (mgkg™ hr'?) 0.46 (0.14) 0.48 (0.24) 0.713
Cumulative rocuronium dose using ideal body weight 0.73(0.66) 0.65 (0.44) 0.541

Note: p<0.05 considered significant. ENT = otolaryngologic or airway procedure.

@p-values based on 2x 3 or 2x4 Chi-square analysis.
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the administration of a neuromuscular blockade agent. It should be
clarified, that in this study, the primary outcome was a TOF ratio of
<0.9 in the operating room and PACU rather than an additional dose
of reversal. Importantly, the discrepancy in the prevalence of the pri-
mary outcomes between their study and our study (27% vs. 1.58%)
and the lack of significant pulmonary complications associated with
a TOF <0.9 in their study suggest that current definitions of clinically
significant residual neuromuscular blockade in children may need to
be reexamined.

Significant secondary findings in our study included that an ini-
tial neostigmine dose of <0.05mgkg™ was also associated with a
higher risk of administration of additional neuromuscular blockade
reversal. Notably, the manufacturer labeling identifies the usual
dose of neostigmine for neuromuscular blockade reversal as 0.03-
0.07 mgkg'l.7 Interestingly, older research had shown that infants
and children require less neostigmine than adults to antagonize d-
tubocurarine or rocuronium-induced neuromuscular blockade.'®18
In a 1991 study, no episodes of TOF ratios <70% were identified
in pediatric patients in the recovery room after anesthesia; how-
ever, this study only included patients who received 0.06 mgkg™ of
neostigmine before extubation.* In a 2015 study, only one episode
of TOF ratio <70% was identified out of 32 pediatric patients who
received 0.08 mgkg™ of neostigmine before extubation.® Therefore,
in situations where the clinician has chosen to use neostigmine for
reversal, a dose of at least 0.05mgkg™ should be considered.

In addition, African American race was independently associ-
ated with a higher risk of administration of additional neuromus-
cular blockade reversal. This was an unexpected finding that may
be multifactorial. In most cases, racial differences in medicine and
disparities in care are related to cultural biases and clinician behav-
ior; however, multiple analyses including timing of administration of
neostigmine, cumulative dose of relaxant, and similar doses of initial
reversal with neostigmine, did not yield an adequate behavioral re-
lated explanation. It is possible that these analyses may have had
insufficient numbers to demonstrate any differences in behavior
that were present. Pharmacogenetic differences may play a role in
the higher risk of administration of additional reversal agent among
African American children. While the potency and duration of ac-
tion of rocuronium have been noted to vary by ethnic background,
a prolonged effect of rocuronium in African Americans has not
been previously reported in either adults or children.’’ However,
steroid molecules have a longer half-life and reduced clearance in
African Americans, and this same mechanism could occur with rocu-
ronium.?>?! Single-nucleotide polymorphisms in the organic anion
transporting polypeptide (OATP) family have also been identified as
a potential source of variability in rocuronium dose requirements, as
rocuronium is a known substrate of OATP1A2 and allelic frequency
appears to vary by race.??"%*

Interestingly, TOF monitoring was also found to be associated
with the need for additional reversal. We felt, however, this is likely
related to a selection bias because clinicians who are concerned that,
either they may have given too much relaxant or have not had ade-
quate time for the relaxant to wear off, may be more likely to apply

a qualitative TOF monitor to attempt to assess depth of neuromus-
cular blockade and further reassure themselves that the patient is in
a good position to be reversed with neostigmine. Further, we know
that the use of qualitative TOF monitoring by pediatric anesthesia
clinicians is haphazard at best and this is reflected in the lower utili-
zation in the control group.?’

41 | Limitations

Limitations of our study included the smaller sample size and single
center nature of the cohort. In addition, the administration of ad-
ditional neostigmine or sugammadex after initial administration of
neostigmine may have been a clinical action that was taken in re-
sponse to delayed emergence, which may or may not have repre-
sented actual residual neuromuscular blockade. Importantly though,
the incidence of administering additional reversal was low (1.58%)
when compared with the incidence of delayed emergence (6.22%)
in the control group as defined by the study suggesting that there
were other clinical indicators including potentially low tidal volumes
or a lack of movement despite low end-tidal agent concentration
suggestive of residual neuromuscular blockade necessitating ad-
ditional reversal. Conversely, we potentially misclassified some pa-
tients with residual neuromuscular blockade who did not receive
additional reversal. Given published rates of residual neuromuscular
blockade in children, defined strictly as a TOF <0.9, it is possible and
perhaps even likely that this occurred.>¢ Interestingly, all patients in
the control group were successfully extubated suggesting that the
traditional definition of residual neuromuscular blockade may be too
strict and less clinically applicable in children. Finally, these findings
cannot be generalized to patients who have received other nonde-
polarizing neuromuscular blocking drugs or a combination of rocuro-

nium and other nondepolarizing neuromuscular blocking drugs.

5 | CONCLUSION

In summary, clinically significant residual neuromuscular blockade
occurs in children and is increased in situations where the interval
between the last dose of rocuronium and neostigmine administra-
tion is <28min and the cumulative dose of rocuronium exceeds
0.45mgkg™* hr'l. In addition, lower doses of neostigmine reversal
(<0.05mgkg™) and African American race also appear to be associ-
ated with an increased risk of administration of additional neuromus-
cular blockade reversal. Future studies will be needed to corroborate
these findings and likely further refine definitions of clinically signifi-
cant residual neuromuscular blockade in children.
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