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Abstract: Purpose: Sugammadex rapidly reverses muscle relaxation compared to acetylcholinesterase
inhibitors. The long-term outcomes of sugammadex, however, are not well known. We compared
30-day postoperative outcomes following sugammadex and acetylcholinesterase inhibitor use in
colorectal surgery patients. Patients and methods: Colorectal surgical patients older than 21
were included in this retrospective study, and were dichotomized according to use of reversal
agents, sugammadex (group S), and acetylcholinesterase inhibitor (group A). We assessed 30-day
postoperative outcomes, including total length of hospital stay, length of postoperative hospital stay,
readmission rate, and delayed discharge rate. Additional parameters included postanesthetic care
unit stay time, time to first successful oral intake, unforeseen intensive care unit (ICU) admission
rate, postoperative pulmonary complications, and mortality. Results: Among a total of 585 patients,
157 patients remained in each group after propensity score matching. Total length of hospital stay,
length of postoperative hospital stay, and readmission rates did not differ between the two groups,
while the incidence of delayed discharge was significantly lower in group S (23 (15%) vs. 40 (25%),
p = 0.017). Other outcomes did not differ between the two groups. Conclusion: We found no difference
in 30-day postoperative outcomes following sugammadex and acetylcholinesterase inhibitor use.
The only difference between these treatments was the associated incidence of delayed discharge,
which was lower in group S.
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1. Introduction

Residual neuromuscular blockade following surgery increases the incidence of adverse respiratory
events, such as hypoxia and reintubation, in the postanesthetic care unit (PACU) and may delay patient
discharge [1,2]. The incidence of postoperative residual neuromuscular blockade among surgical
patients is significant, with previous studies reporting 22 to 88% [3–5]. During abdominal surgery,
a deeper neuromuscular block is required to obtain optimal surgical conditions [6]. If the level of
blockade is inadequate, muscle tension in the patient’s abdominal wall and diaphragm may result
in poor surgical conditions [7]. Deep neuromuscular blockade is also frequently necessary during
abdominal skin closure, which can lead to the incomplete reversal of postoperative neuromuscular
blocking effects and increased rates of postoperative complications [1]. The complete induction and
reversal of neuromuscular blockade is thus vital to both surgical and postoperative success.
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Classic reversal agents of neuromuscular blockade are acetylcholinesterase inhibitors, such as
pyridostigmine and neostigmine, which are competitive antagonists of the enzyme cholinesterase.
Sugammadex, which forms a tight complex with unbound rocuronium, thereby preventing further
binding at the neuromuscular junction, acts via a different mechanism than do acetylcholinesterase
inhibitors. Even in the context of a deep neuromuscular block, sugammadex achieves rapid, complete,
and reliable reversal. Putz et al. [8] compared deep neuromuscular block reversal with sugammadex,
and shallow neuromuscular block reversal with an acetylcholinesterase inhibitor, and found faster and
more reliable reversal rates with sugammadex in abdominal surgery patients [8]. This suggests that
sugammadex provides faster recovery than acetylcholinesterase inhibitors, regardless of rocuronium
dosage or level of neuromuscular block. Furthermore, studies have shown that sugammadex results in
no residual neuromuscular blockade and faster discharge rates from the PACU when compared to
acetylcholinesterase inhibitors [9–12].

In particular, studies have focused on the effect of residual neuromuscular blockade in
the immediate postoperative period and especially during patients’ stay in the PACU [9–12].
Thevathasan et al. [13], however, reported on the long-term outcomes of residual neuromuscular
blockade. These authors found that intraoperative administration of a neuromuscular blocking agent
was dose-dependently associated with an elevated risk of 30-day readmission and prolonged hospital
costs, due in part to residual neuromuscular blockade effects [13]. Based on these results and those
discussed above, we hypothesized that sugammadex would improve long-term outcomes, including
30-day readmission rates, by reducing complications associated with residual neuromuscular blockade.
The present study compared 30-day postoperative outcomes, including total length of hospital stay,
length of postoperative hospital stay, 30-day readmission rates, and delayed discharge rates, between
colorectal surgery cases requiring at least moderate neuromuscular block cases in which sugammadex
or acetylcholinesterase inhibitors were used.

2. Materials and Methods

2.1. Data Sources and Study Population

This study was performed at a single center at the Ajou University Hospital in Suwon, Korea.
This study was approved by the Ajou Institutional Review Board on 22 March 2018, and the
requirement for written informed consent was waived by the committee (AJIRB-MED-MDB-18-036).
The trial was registered at ClinicalTrials.gov (NCT03619759). This retrospective study included
colorectal cancer patients older than 21 who have undergone surgery between January 2012 and
December 2017. Surgery was performed by a single colorectal surgeon with 30 years of experience.
By the surgeon’s request, beginning in May 2015, sugammadex was used for blockade reversal in
every colorectal cancer patient who underwent colorectal surgery. No other significant postoperative
care changes were noted during the study period.

Patients were divided into sugammadex and acetylcholinesterase inhibitor groups on the basis of
their blockade removal treatment. The sugammadex group (group S) included patients who were
admitted between January 2016 and December 2017, while the acetylcholinesterase group (group A)
included patients admitted between January 2012 and December 2013. Patients who were admitted
between 2014 and 2015 were excluded, as sugammadex was used only in selected patients during this
time period. Potential selection bias arising from the cost of sugammadex was avoided as all patients
treated between January 2016 and December 2017 received the drug. We excluded bedridden patients
due to their high rate of neuromuscular disease, as well as patients with reduced renal or hepatic
function. Patients who underwent combined operations or emergency operations were also excluded.

ClinicalTrials.gov
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Patients were grouped according to the reversal agent used in their case; group S was compared to
group A. In group S, sugammadex was used in fixed dose of 1 vial, 200 mg, with no routine
use of neuromuscular monitoring. According to our center’s protocol, all patients undergoing
general anesthesia with rocuronium received a reversal agent (i.e., acetylcholinesterase inhibitor or
sugammadex), and timing of the administration of the reversal agent was based on clinical judgement
regarding parameters: Spontaneous breathing, extremity movement, and bucking [14]. This protocol
has not changed from 2012 to 2017. Baseline characteristics were collected, included age, sex, body mass
index, American Society of Anesthesiologists physical status, comorbidities, operation type (e.g., open
or laparoscopic), and anesthesia time. Rocuronium induction dose and infusion doses followed our
hospital’s protocol of 0.6 mg/kg and 0.5–0.7 mg/kg/h respectively. While there is no record of the
exact dose administered in each case, we assumed that the total dose per kg was proportional to
administration time.

Primary outcomes in the postoperative period included total length of hospital stay, length of
postoperative hospital stay, delayed discharge rate, and readmission rate, including emergency
room visits, within 30 days post-discharge. “Delayed discharge” was defined as a postoperative
hospital stay of more than 11 days. Additional postoperative outcomes included PACU stay time,
unforeseen intensive care unit admission rate, time to first successful oral intake (hours), and mortality.
Postoperative pulmonary complications were also recorded, and electronic medical record data were
collected including discharge summaries, consultation records, and chest X-ray readings.

2.2. Statistical Analyses

The baseline characteristics of patients were analyzed using chi-squared tests for categorical
variables and unpaired Student’s t-tests for continuous variables. Data are presented as mean ± standard
deviation for continuous variables, and as numbers and percentages for categorical variables for those
patients with complete data. Propensity scores were derived using separate logistic regression models,
including age, sex, anesthesia time, comorbidities, and operation type. Propensity scores were then
matched to obtain matched patient pairs. We calculated standardized mean differences across groups
to assess any remaining imbalance in the matched samples. After 1:1 propensity score matching,
statistical analyses were conducted using unpaired Student’s t-tests for continuous variables and a
chi-squared test for categorical variables; Fisher’s exact tests were applied as needed. All statistical
analyses were 2-sided and were performed with SAS statistical software, version 9.4 (SAS Institute,
Cary, NC, USA). A p-value of less than 0.05 was considered to be statistically significant.

3. Results

3.1. Baseline Characteristics

A total of 659 patients were screened for study participation. Among them, 74 were excluded
due to a history of combined operations (n = 53), reduced renal function (n = 14), or reduced hepatic
function (n = 7). Consequently, a total of 585 patients were enrolled in the present study. A total of 201
patients used sugammadex (group S) while 384 patients used pyridostigmine (group A). Demographics
before propensity matching were as follows. Mean age was 63.7 ± 11.3 years and 61.5 ± 12.1 years for
groups S and A, respectively (p = 0.037). The incidence of laparoscopic surgery was higher in group S
(19%) than group A (12%) (p = 0.012). Total time under anesthesia for group S was 181.0 ± 48.6 min,
which was significantly longer than group A, whose total time under anesthesia was 165.1 ± 41.7 min
(p < 0.001). All other parameters did not differ significantly between the two groups. After propensity
score matching of these baseline characteristics, 157 patients remained in each group (Table 1).
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Table 1. Baseline characteristics.

Total (n = 585)
Before Matching After Matching

Group S
(n = 201)

Group A
(n = 384) p Value Group S

(n = 157)
Group A
(n = 157) p Value

Age (years) 63.7 ± 11.3 61.5 ± 12.1 0.037 62.5 ± 11.5 63.1 ± 11.8 0.67
Sex, male 110 (55) 210 (55) 0.99 86 (55) 83 (53) 0.73

Body mass index
(kg/m2) 23.8 ± 3.4 23.5 ± 3.2 0.24 23.8 ± 3.3 23.4 ± 3.4 0.27

ASA 0.085 0.26
1 87 (43) 195 (51) 67 (43) 77 (49)
2 114 (57) 189 (49) 90 (57) 80 (51)

Comorbidities
Cardiovascular 96 (48) 162 (42) 0.20 76 (48) 70 (45) 0.50

Diabetes 40 (20) 61 (16) 0.22 30 (19) 26 (17) 0.56
Cerebrovascular 7 (3) 13 (3) 0.95 6 (4) 3 (2) 0.31

Pulmonary 10 (5) 9 (2) 0.088 6 (4) 2 (1) 0.15
Operation type 0.012 0.78
Laparoscopic 39 (19) 45 (12) 32 (20) 34 (22)

Open 162 (81) 339 (88) 125 (80) 123 (78)
Anesthesia time (min) 181.0 ± 48.6 165.1 ± 41.7 <0.001 176.0 ± 46.7 175.1 ± 41.0 0.85

Values are mean ± standard deviation or number (%). Group S, sugammadex group; Group A, control group using
acetylcholinesterase inhibitor; ASA, American Society of Anesthesiologists physical status.

3.2. Postoperative Outcome Analysis after Propensity Matching

After propensity matching, the total length of hospital stay, length of postoperative hospital stay,
and readmission rates did not differ between the two groups, while incidence of delayed discharge
was significantly lower in group S (23 (15%) vs. 40 (25%), p = 0.017). All other outcomes, including
PACU stay time, unforeseen ICU admission rate, mortality, and time to first successful oral intake,
did not differ between the two groups. The incidence of pulmonary complications was not significantly
different among groups (4 (3%) vs. 1 (1%), p = 0.18) (Table 2).

Table 2. Postoperative outcomes.

Total (n = 585)
Before Matching After Matching

Group S
(n = 201)

Group A
(n = 384) p Value Group S

(n = 157)
Group A
(n = 157) p Value

Primary outcomes
Total length of stay (day) 13.3 ± 12.3 13.3 ± 5.0 0.95 13.2 ± 12.9 13.4 ± 4.2 0.84

Postoperative hospital stay (day) 10.3 ± 12.2 9.9 ± 4.9 0.59 10.1 ± 12.9 10.0 ± 4.0 0.88
Delayed discharge, n (%) 32 (16) 90 (23) 0.034 23 (15) 40 (25) 0.017
Readmission rate, n (%) 18 (9) 29 (8) 0.55 12 (8) 15 (10) 0.55

Secondary outcomes
PACU stay time (min) 46.9 ± 21.0 49.3 ± 20.5 0.172 50.0 ± 24.5 49.3 ± 20.5 0.821

ICU admission rate, n (%) 7 (3) 4 (1) 0.044 4 (3) 2 (1) 0.41
Mortality, n (%) 2 (1) 2 (1) 0.51 2 (1) 1 (1) 0.56

Oral intake
Sips of water (hour) 94.9 ± 82.6 96.8 ± 67.9 0.76 87.9 ± 58.3 98.5 ± 79.5 0.18

Meal (hour) 122.5 ± 84.8 123.5 ± 68.3 0.88 115.8 ± 58.3 126.7 ± 78.7 0.16
Complications

Pulmonary 6 (3) 1 (0) 0.004 4 (3) 1 (1) 0.18

Values are mean ± standard deviation or number (%). Group S, sugammadex group; Group A, control group using
acetylcholinesterase inhibitor; PACU, postanesthetic care unit; ICU, intensive care unit.

3.3. Analysis of Delayed Discharge Cases

Ileus was the most common cause of delayed discharge in the 63 cases included in the present
study (45 (71.4%)). The causes of delayed discharge differed between the two groups, with ileus being
the primary reason in 90.0% and 39.1% of patients in groups A and S, respectively (Table 3). Other



J. Clin. Med. 2019, 8, 97 5 of 9

reasons for delayed discharge included wound problems, urinary tract infections, pneumonia, and
postoperative bleeding.

Table 3. Causes of delayed discharge.

Causes Total Cases
(n = 63)

Group S
(n = 23)

Group A
(n = 40)

Ileus 45 (71.4) 9 (39.1) 36 (90.0)
Pneumonia 5 (7.9) 4 (17.4) 1 (2.5)

Wound problem 6 (9.5) 4 (17.4) 2 (5.0)
Urinary tract infection 2 (3.2) 2 (8.7) 0 (2.2)
Postoperative bleeding 2 (3.2) 2 (8.7) 0 (0)

Urinary retention 2 (3.2) 2 (8.7) 0 (0)
Pain 1 (1.6) 0 (0) 1 (2.5)

Values are mean ± standard deviation or number (%). Group S, sugammadex group; Group A, control
group using acetylcholinesterase inhibitor.

4. Discussion

The current study revealed that 30-day postoperative outcomes, including total length of hospital
stay, length of postoperative hospital stay, and readmission rates, did not significantly differ between
patients who received sugammadex or acetylcholinesterase inhibitors for neuromuscular blockade
reversal. Furthermore, PACU stay time, unforeseen ICU admission rate, postoperative pulmonary
complication, and mortality rates did not significantly differ between the two groups. The sugammadex
group, however, exhibited decreased delayed discharge rates.

Sugammadex is well known for its use in reducing the risk of residual neuromuscular
blockade [9,15–18]. This effect often translates to clinically favorable results during postoperative
recovery. A number of prior studies have demonstrated that sugammadex induces rapid reversal of
neuromuscular blockade, resulting in more rapid extubation and operating room discharge [8,12,16,19–22].
The postoperative effects of sugammadex following patient discharge from the operating room,
however, have been mixed, with some studies reporting faster PACU discharge times [8,10,11],
and others reporting no difference [8,17,23,24]. PACU discharge time may be affected by several
factors such as bed availability in the ward, physician release, nurses’ decisions, additional test like
radiographs, and availability of transport team [25]. Therefore, PACU discharge time may not have
entirely reflected the clinical effects of sugammadex.

Despite some focus on operative and post-operative outcomes, clinical studies assessing patient
outcomes following PACU discharge are scarce. Using a retrospective study design, Ledowski et
al. reported that overall hospital stays did not differ between patients treated with sugammadex or
acetylcholinesterase inhibitors [24]. These results, however, are derived from patients who underwent
surgical procedures including orthopedic, plastic, general, and others.

One strength of the present study is the homogeneity of patients analyzed, which include only
colorectal patients who required moderate or deep level of neuromuscular blockade and who were
surgically treated by a single surgeon. We speculate that a complete reversal of residual neuromuscular
blockade by sugammadex might affect postoperative recovery process due to its effects on generalized
muscle weakness [13], which lead to differences in long-term patient morbidity. However, the use of
sugammadex in the present study did not result in differences in the total length of hospital stay,
length of postoperative hospital stay, or readmission rates in a 30-day period. This may be because the
long-term effects of sugammadex on postoperative recovery process are smaller than expected to be
statistically captured.

Residual neuromuscular blockade may contribute to the development of postoperative respiratory
complications [15,26]. Furthermore, complications such as desaturation, upper airway obstruction,
and reintubation in the PACU were reduced with use of sugammadex [12,15,24]. The present study’s
results, however, show that postoperative pulmonary complications were not significantly different
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between the two groups, suggesting that there may be no clear advantage in terms of respiratory
functional recovery over acetylcholinesterase inhibitor use. Our results also agree with a recently
published, large prospective study wherein reversal with sugammadex did not reduce postoperative
pulmonary complications [27].

Currently, data on the benefits of sugammadex for the reduction of clinically-relevant morbidity
due to residual neuromuscular blockade are limited [17,24,28]. While sugammadex successfully
reduces residual neuromuscular blockade, there is a lack of evidence that this effect translates to
improvements in long-term outcomes. Several factors may have affected the similar long-term
respiratory outcomes in sugammadex and acetylcholinesterase inhibitor groups in the present study.
One possibility is that a residual neuromuscular block remained, even following sugammadex use.
We did not implement neuromuscular monitoring, and we used fixed dosages of sugammadex (200 mg
per patient) when clinical signs were noted. Kotake et al. [14] reported that sugammadex may also
induce roughly 3~4% residual paralysis in a clinical setting when no neuromuscular monitoring is
used routinely. In a previous, large prospective study, however, neuromuscular monitoring did not
result in improved postoperative pulmonary outcomes [27].

One possibility for these mixed results may be the short-lived effects of sugammadex and
acetylcholinesterase inhibitors. Illman et al. [29] reported that the time from reversal agent
administration during T2 detection via TOF (train of four) monitoring to the time of residual paralysis
recovery was 13.3 min for neostigmine and 1.7 min for sugammadex [29]. Assuming an average PACU
stay time of 30 min, residual paralysis following PACU discharge may have little effect on respiratory
clinical outcomes. In summary, sugammadex may not offer advantages over acetylcholinesterase
inhibitors in terms of respiratory complications, though further prospective clinical trials assessing
postoperative pulmonary function after sugammadex use remain necessary.

The incidence of delayed discharge was lower in the sugammadex group in the present
study; the precise factors associated with delayed discharge were different between the two groups.
The leading cause for delayed discharge in the acetylcholinesterase group was ileus (90%), while
in the sugammadex group, ileus accounted for far fewer incidences of delayed discharge (39.1%).
Postoperative ileus following colorectal surgery is a common complication that presents in one in
every eight patients and is a primary contributor to delayed discharge [30].

The exact factor which resulted in group-wise differences between the ileus rates in the present
study is likely multifactorial and complex. The retrospective nature of the present study’s design,
however, does not allow for determining this factor, though a possibility is the effect of reversal agents
on gastrointestinal motility. Acetylcholinesterase inhibitors and anticholinergics are commonly used to
reverse neuromuscular blockade. Both drugs have a known impact on gastrointestinal motility—where
acetylcholinesterase inhibitors increase motility, anticholinergic agents decrease it [31,32]. This leads to
variable effects on gastrointestinal motility during the perioperative period.

While sugammadex is known to have no effects on gastric emptying, one study found that it
binds to progesterone and estradiol. The former enhances gastric motility while the latter inhibits it.
Sugammadex also traps more estrogen than progesterone, leading to increase gastric emptying. Several
studies regarding gastrointestinal motility with sugammadex and anticholinesterase inhibitor use in
the postoperative period have been published. Brueckmann et al. reported similar incidences of ileus
(3.9–4.1%) and paralytic ileus (0–1.3%) in patients following abdominal surgery [9]. Sen et al. [33]
reported that there was no difference in first flatus time and feces time in the postoperative period in
thyroidectomy patients. In one report, the authors reported a tendency towards faster gastric emptying
in sugammadex users than in neostigmine/atropine users [34]. In addition, early feeding and opioid
avoidance strategies might affect postoperative ileus [35]. While we did not consider opioid use
here, further studies of sugammadex’s effects on delayed postoperative ileus and delayed discharge
following abdominal surgery are required.
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Limitations of this study are as follows. First of all, the present study’s use of a retrospective design
is a significant limitation, as is the time between when data was collected on patients in the two groups.
Secondly, the present study’s relatively small sample size is also a limitation. All surgical procedures
for this present study, however, were carried out by a single surgeon with over 30 years of experience,
and postoperative protocols did not differ among the two groups, with the exception of reversal agent
type. Thirdly, the term “delayed discharge” used in our text (i.e., >11 days of hospitalization) is an
arbitrary term. Total hospitalization times for colorectal patients differ between studies. We have
defined “delayed discharge” as more than mean value, since our center’s postoperative admission
protocol, as well as mean postoperative hospitalization time, is 10 days. Fourthly, the exact dose of
rocuronium and pyridostigmine was also not recorded, while doses of sugammadex were constantly
200 mg. Lastly, neuromuscular monitoring may have provided further information, and future studies
might seek to integrate this outcome. A well-designed future prospective study is required to further
determine the long-term effects of sugammadex.

5. Conclusions

In conclusion, the present study aimed to compare the 30-day postoperative outcomes of surgical
patients treated with either sugammadex or acetylcholinesterase inhibitor use. We found no differences
in total length of hospital stay, length of postoperative hospital stay, readmission rates, or postoperative
pulmonary complication rates between the two groups. In fact, the only difference between the two
groups was the incidence of delayed discharge, which was lower in the sugammadex group. These
results should be considered when the long-term benefits of sugammadex are discussed.
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