Original Article/Ozgiin Arastirma

doi: 10.54875/jarss.2026.32659

Comparison of Sugammadex and Neostigmine in Reversal of
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ABSTRACT

Objective: Rapid postoperative recovery is of great importance
in children who undergo elective surgery, but the complications
encountered in the process of recurarization in these cases are
crucial. The present study aims to compare the effects of sugam-
madex and neostigmine on the reversal of neuromuscular block
and recovery in infants.

Method: A total of 50 patients aged between 1 month and 12
months, American Society of Anesthesiologists (ASA) I-Il class, who
were to undergo elective operation were included in the study.
Patients under general anesthesia were administered rocuronium
IV at induction and monitored with train of four (TOF). At the end
of surgery, 2 mg kg sugammadex was administered to patients in
sugammadex group (Group S) and 0.05 mg kg™ neostigmine + 0.02
mg kg*! atropine to patients in neostigmine group (Group N). Intra-
operative and postoperative hemodynamic changes, extubation
times, time to reach TOF 90%, recovery times, and complications
were recorded.

Results: The time of TOF 90%, onset of spontaneous respiration,
and extubation times after antidote administration were found
to be significantly lower in group S. No significant difference was
found between the groups in postoperative complications.

Conclusion: In the present study conducted in infants, in Group
S, the use of sugammadex as an antidote provided both rapid re-
versal compared to neostigmine, and similar adverse effects were
observed, which is consistent with the literature.

Keywords: Anesthesia, infant, neostigmine, recurarization,
sugammadex

6z

Amag: Elektif cerrahi geciren cocuklarda hizli postoperatif der-
lenme blylik 6neme sahiptir ancak bu olgularda rekirarizasyon
strecinde yasanan problemler olduk¢a 6nemlidir. Calismamizda,
infantlarda sugammadeks ile neostigminin néromdiskiler blogun
geri dondirilmesi ve derlenme Uzerine etkilerini karsilastirmayi
amagladik.

Yéntem: Calismaya elektif operasyona girecek olan 1 ay-12 ay yas-
lari arasinda, Amerikan Anestezi Dernegi (ASA) I-1l sinifinda toplam
50 hasta dahil edildi. Genel anestezi alan hastalar, indiksiyonda
rokironyum iv verilerek dortlii uyari cevabi (TOF) ile monitorize
takip edildi. Cerrahi bitiminde sugammadeks grubundaki (Grup S)
hastalara 2 mg kg sugammadeks, neostigmin grubundaki (Grup
N) hastalara ise 0,05 mg kg neostigmin+ 0,02 mg kg* atropin
uygulandi. Hastalarin intraoperatif ve postoperatif hemodinamik
degisiklikleri, ekstiibasyon streleri, TOF %90’a erisim zamani, der-
lenme sireleri ve gelisen komplikasyonlar kaydedildi.

Bulgular: Antidot verilme sonrasi TOF %90 olma zamani, spontan
solunumun baslamasi ve ekstlibasyon sireleri Grup S'de anlaml
derece dislk saptandi. Postoperatif donemde gelisen komplikas-
yonlarda ise gruplar arasinda anlamli fark saptanmadi.

Sonug: infantlarda yapmis oldugumuz bu calismada Grup S'deki
hastalarda literatiirle de uyumlu olacak sekilde antidot olarak su-
gammadeks kullanimi neostigmine gére hem hizli antagonizma
saglamis hem de yan etki olarak benzer bulgular saptanmistir.

Anahtar sozciikler: Anestezi, infant, neostigmin, rekiirarizasyon,
sugammadeks
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Sugammadex Use in Infants

INTRODUCTION

Recurarization is defined as inadequate reversal of neuro-
muscular blockade resulting in inadequate recovery and re-
spiratory difficulty in a patient deemed to have recovered
from non-depolarizing blockade spontaneously or after an-
tagonism and taken to the recovery room. Several factors,
including the medications used, the development of hypo-
thermia, acid-base disorder, and fluid-electrolyte disorders,
may contribute to this condition (1). The drug preference is
particularly significant among these factors. Postoperative
residual recurarization and rapid postoperative recovery
have become more critical, especially in the pediatric patient
population, with the effect of increasing the number of day
surgery procedures. In light of studies, the incidence of this
condition was found to be approximately 28% in infants (2).
The two most commonly used medications in this procedure
are sugammadex and neostigmine.

Sugammadex is an agent that binds directly to rocuronium
and dose-dependently restores neuromuscular function. In
consideration of the studies, the duration of antagonism with
sugammadex is prolonged in cases of heart failure, which is
particularly common in elderly patients (3). Therefore, previ-
ous studies in the literature reported a more rapid increase
in the plasma concentration of sugammadex near the neuro-
muscular junction and faster recurarization with sugamma-
dex in pediatric patients with a higher ejection fraction com-
pared with adults (4). Furthermore, it was shown that infants
are more sensitive to neuromuscular blocking agents due to
the immaturity of neuromuscular synapses, and therefore,
the reversibility of sugammadex is faster in infants compared
to other age groups (5). However, data from prospective
studies are limited (6).

Studies in the literature showed that sugammadex can be
used safely at various doses in adults and children older than
2 years (1). However, current clinical knowledge and expe-
rience with the sugammadex administration to antagonize
neuromuscular block in newborns and infants is limited (7).
Therefore, the present prospective study aims to compare
the effects of sugammadex and neostigmine on the reversal
of neuromuscular block and recovery in infants undergoing
elective surgery under general anesthesia with neuromuscu-
lar monitoring.

MATERIALS and METHODS

After obtaining ethics committee approval and necessary
institutional study permissions, our study was prospective-
ly conducted at Ondokuz Mayis University, Medical Faculty
Hospital. After parental consent was obtained, the study
included patients who underwent surgery, aged between 1
month and 12 months, American Society of Anesthesiologists
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(ASA) class I-Il, with a minimum duration of surgery between
30 minutes and a maximum of 3 hours. Patients expected to
remain intubated in the postoperative period, with neuro-
muscular disease, with a history of allergy to any of the drugs
in the study, with a history of drug use that interacts with
rocuronium, with electrolyte disturbances, and with a history
of late recovery were excluded from the study.

A total of 50 patients were randomly assigned into two quan-
titatively equal groups (Group S: Sugammadex, Group N:
Neostigmine-atropine) using a central randomization list sys-
tem, with 25 patients in each group. Patients aged between
1 month and 6 months were taken into the operation room
after fasting for 4 hours, and those aged over 6 months after
fasting for 6 hours. Patients were monitored standardly with
electrocardiography, non-invasive blood pressure (NIBP),
pulse oximetry (SpO,), and post-intubation capnograph
(EtCO,) after being admitted to the operation room and 3-4
mg kg™ propofol was administered with 100% O, for induc-
tion of anesthesia by establishing vascular access with a 24 G
IV cannula through the dorsum of the hand. Neuromuscular
conduction was monitored with the Train-of-four (TOF) ratio
(Watch SX, Organon, Oss, The Netherlands). After the mask
ventilation of the patients was considered adequate, 0.6 mg
kg* rocuronium was administered IV and endotracheal intu-
bation was performed when the TOF value was 0.

Sevoflurane (1-3%) in 50:50 O, and air combination was used,
0.05-0.2 pg kgt h'* remifentanil iv was infused to maintain an-
esthesia. For maintenance of muscle relaxation, an additional
dose of 0.15 mg kg* rocuronium was administered when two
or more responses to TOF were obtained (if surgery was to
continue). After the last skin suture was placed, the anesthet-
ic agents were discontinued. At the end of the procedure,
TOF was monitored every 15 seconds. When a TOF response
of 2 or more was obtained, 2 mg kg sugammadex was ad-
ministered IV to Group S, and 0.04 mg kg neostigmine and
0.02 mg kg* atropine were administered IV to Group N. The
time for TOF to reach 90% (T /T, >0.9) after administration of
the drugs was recorded. When TOF was 90%, the patient was
evaluated for extubation. Patients with adequate and regular
spontaneous respiration (5 mL kg? tidal volume) were extu-
bated. Upon determination that patients had adequate spon-
taneous respiration (adequate tidal volume, adequate and
regular respiratory rate), airway protection ability (return of
airway reflexes, crying, coughing, swallowing, etc.), and he-
modynamic stabilization (+/-20 of the nominal values), they
were transferred to the post anesthetic care unit (PACU). Pa-
tients with a Modified Aldrete Score (MAS) of 9 or above and
stable hemodynamics were transferred to the ward.

Hemodynamic parameters such as heart rate (HR), systolic
arterial pressure, diastolic arterial pressure, mean arteri-
al pressure, peripheral oxygen saturation and endtidal CO2
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were measured and recorded preoperatively, after induction,
at intubation, 5., 10., 15., 30., 45., 60., 75., 90., 105., 120.
and 180. minutes after intubation, at the end of the opera-
tion, before reversal, 1., 2., 3., 4., 5., 6., 7., and 10. minutes
after reversal, and 10., 20. and 30. minutes postoperatively.
In addition, a MAS score of 9 and above, spontaneous eye
opening and crying periods, complications (hypoxia, cough,
laryngospasm, vomiting, etc.), and duration of stay in PACU
were recorded. Complications observed during 24 hours (ob-
served by the ward physician, anesthesiologist, or parent)
were recorded.

Statistical Analysis

The sample size was calculated based on the times to achieve
a TOF ratio of 90% from previous studies in similar age groups
(7,8). Using data from Kara et al., the difference between
the two groups was assumed to be 1.5 minutes with a com-
mon standard deviation of 0.7 minutes, yielding an effect
size of d=2.14; however, a more conservative effect size of
0.80 was adopted (7). Power analysis performed with Minit-
ab 17 (a=0.05, power=0.80) indicated a requirement of 22
patients per group. To account for potential dropouts, 15%
was added, resulting in a total of 50 patients (25 per group)
enrolled in the study. Data were transferred to SPSS 20.0
software (Statistical Package for the Social Sciences; Chicago,
USA). Normality of continuous variables was assessed using
the Kolmogorov-Smirnov test, Shapiro—Wilk test, and visu-
al inspection of histograms and Q—Q plots. Homogeneity of
variances was examined using Levene’s test. For intergroup
comparisons, Student’s t-test was used for normally distrib-
uted variables, and the Mann—-Whitney U test was applied
for non-normally distributed variables. Categorical variables
were compared using the chi-square test. Data are presented
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as mean * standard deviation for normally distributed vari-
ables and as median (interquartile range) for non-normally
distributed variables. p< 0.05 was considered statistically sig-
nificant.

RESULTS

The distribution of the patients in the study in terms of de-
mographic data, surgical interventions, and anesthesia appli-
cations is presented in Table I, and no significant difference
was determined between the groups. In Group S and Group
N, 9 and 16 patients underwent urogenital and abdominal
surgery, respectively, and in Group N, 12 and 13 patients
underwent urogenital and abdominal surgery, respectively.
Hemodynamic parameters (HR, systolic, diastolic, and mean
arterial pressures, SpO,, etCO,, TOF values) of the patients in
both groups before induction and intraoperative period (1.,
5., 10., 15, 30,, 45., 60., 75., 90., 105. and 120. minutes af-
ter intubation) were evaluated. No significant difference was
observed between the groups upon comparison.

No significant difference was found between the groups in
systolic, diastolic, and mean arterial pressures, SpO,, and
etCO, valuesat 1., 2, 3., 4, 5., 6, 7., 8, 9., and 10. minutes
after postoperative reversal. Heart rate was significantly
higher in Group S compared to Group N at the 1% minute
after reversal, and the measurements were comparable at
other times (Table Il). The distribution of TOF (%) measure-
ments after reversal in the groups is shown in Figure I. In the
inter-group comparison, no statistically significant difference
was found between the 7"-minute and 10*"-minute values,
whereas TOF values at all other measurement times were sig-
nificantly higher in Group S. Table 11l shows the distribution
of TOF 90% time after reversal, onset of spontaneous respi-

Table I. Distribution of the Patients in the Study in Terms of Demographic Data, Surgical Interventions and Anesthesia Applications

(mean+SD)
Group S (n=25) Group N (n=25) p value

Age (month) 6.50 +4.24 6.42 +3.52 0.93
. Gender (F/M) n (%) 4/21 (16.0/84.0) 3/22 (12.0/88.0) 0.683
::t';wgraph'c ASA (I/11) n (%) 17/8 (68.0/32.0) 18/7 (72.0/28.0) 0.758
Weight (kilogram) 7.39+3.36 7.58+2.21 0.74
Height (centimeter) 72.28 £ 13.38 71.00 £ 8.58 0.923
.Surgical . Urogenital surgery n (%) 9 (36) 12 (48) 0.39

intervention Abdominal surgery n (%) 16 (64) 13 (52)
Anesthesia duration (minutes) 87.88 + 46.37 86.16 +42.90 0.915
Anesthesia TOF 0 time (second) 113.96 + 25.87 101.92 + 23.97 0.081
applications Intubation duration (second) 138.24 +35.24 130.28 +22.41 0.58
Total rocuronium dose (miligram) 5.12+2.35 464 +1.61 0.552

ASA: American Society of Anesthesiologists, TOF: Train-of-four, F: female, M: male, Group S: Sugammadex group, Group N: Neostigmine-atropine

group
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Table Il. Distribution of Post-Reverse HR Values of the Groups (meanxSD)

HR (rate min?) Group S (n=25)

Before Reverse 125.32 +15.07

Group N (n=25)
119.40 +18.48

p value
0.079

15t minute after reverse 144.84 + 23.25

133.80 £ 22.22

0.031*

2" minute after reverse 159.08 +21.32

146.72 +34.74

0.154

3" minute after reverse 160.08 + 21.96

152.16 + 26.71

0.304

4" minute after reverse 160.21 + 19.00

152.32 +28.81

0.536

5% minute after reverse 158.73 £+ 18.62

156.56 + 32.67

0.627

6" minute after reverse 157.28 + 16.67

160.20 + 35.57

0.244

7" minute after reverse 154.40 + 15.62

162.26 + 25.04

0.051

10* minute after reverse 155.55 + 14.27

165.05 + 24.60

0.085

*p<0.05 statistically significant, HR: Heart rate, SD: Standart deviation, Group S: Sugammadex group, Group N: Neostigmine-atropine group

Table Ill. Distribution of Groups’ Time to TOF 90 After Reverse, Start of Spontaneous Breathing and Extubation Times (meanzSD)

Group S (n=25) Group N (n=25) p value
Time to 90% TOF after reversal (seconds) 155.08 + 33.58 333.96 + 70.97 0.001*
Time to start of spontaneous breathing after reversal (seconds) 190.80 + 46.04 383.36 £ 64.22 0.001*
Extubation time after reversal (seconds) 218.44 £ 50.04 434,56 + 73.52 0.001*

*p<0.05 statistically significant, TOF: Train-of-four, Group S: Sugammadex group, Group N: Neostigmine-atropine group

4 Group s

120 Group N

0 LU
Before reverse 45.sec

90.sec 3.min 6.min

Figure 1. Distribution of Post-Reverse TOF Values of Groups

(meantSD)
Group S: Sugammadex group, Group N: Neostigmine-atropine group,
TOF: Train-of-four ratio

ration, and extubation times in the groups. In the intergroup
comparison, these values were found to be statistically sig-
nificantly lower in Group S compared to Group N.

Hemodynamic parameter values of the patients followed up
in the recovery room were compared between the groups. In
Group S, the mean HR was 153.8 + 15.3 bpm at the 10th min-
ute, 145.6 + 19.1 bpm at the 20th minute, and 140.8 + 20.1
bpm at the 30th minute of follow-up in the recovery room. In
Group N, the mean HR was 138.9 + 33.9 bpm at the 10th min-
ute, 134 £ 17.2 bpm at the 20th minute, and 127 + 20 bpm at
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the 30th minute. The HR was found to be statistically higher
in Group S in the mentioned minutes. There was no differ-
ence between the values on arrival to the recovery room.

In the comparison of non-invasive arterial pressures between
the groups, diastolic, systolic, diastolic, mean arterial pres-
sure values at 10 minutes, systolic, diastolic, and mean arte-
rial pressure values at 20 minutes, and systolic and diastolic
pressure values at 30 minutes were significantly higher in
Group S compared to Group N in the recovery room. There
was no statistically significant difference between the groups
in the values of arrival to the recovery room.

In the follow-up of Sp0, values of the groups after recovery,
it was noted that no patient developed desaturation in either

group.

The time to achieve a MAS of 9 was 15.20 + 7.70 minutes
in Group S and 21.88 + 7.85 minutes in Group N. This val-
ue was found to be statistically significantly lower in Group
S (p=0.006). Spontaneous eye opening time was found to be
longer in group N (16.96 + 8.18 min) compared to group S
(13.52 + 7.05 min). However, the result was not statistically
significant (p=0.134).

The distribution of postoperative complications according
to the groups was analyzed. In Group S, 7 cases developed
laryngospasm, while this number was 3 in Group N. No sta-
tistically significant difference was found between the two
groups. Apnoea was found in 2 cases in Group S and 2 cases
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in Group N, and there was no clinical difference between the
groups. The incidence of nausea and vomiting was evaluated
and determined in 2 cases in Group S and 4 cases in Group N.
No statistically significant difference was found between the
two groups in terms of nausea and vomiting. Hypotension,
hypertension, or hypoxemia were not observed in patients
in either group.

DISCUSSION

The reversal of the effect of neuromuscular agents varies
depending on the age group of the patients. The pediatric
patient group shows an average standard deviation of 25%
in specific time parameters (such as onset of action, duration
of clinical effect, and time to full recovery) for all neuromus-
cular agents. These differences are due to the physiologi-
cal characteristics of adults and children. The risk of residual
recurarization is always a possibility in children, and severe
complications may occur as a result (9). In numerous stud-
ies, antagonizing neuromuscular agents significantly reduces
the mortality and morbidity that may develop in the first 24
hours postoperatively (1).

In the current literature, studies investigating the effects of
sugammadex on infants generally stand out as case series
and retrospective studies (3). In our study, the effects of
neostigmine+atropine and sugammadex used to antagonize
the neuromuscular effect of rocuronium on hemodynamics
in electively operated infants were compared prospectively.

Changes in vital parameters of the agents used in the reversal
of the effects of neuromuscular agents are crucial (10). In a
study comparing sugammadex and neostigmine with glyco-
pyrrolate administration after neuromuscular blockade with
rocuronium, no significant difference was observed regard-
ing HR, blood pressures and SpO, values (11). Another study
compared infant, pediatric, and adult patients and evaluated
the effects of sugammadex (0.5, 1, 2, 4 mg kg?) and placebo.
No significant clinical difference was reported except for a
single bradycardia in an infant in the placebo group regarding
hemodynamic changes (8). In a study conducted by Ozgun et
al. on 60 pediatric patients, it was reported that HR values at
15, 30, and 60™ seconds after reversal were significantly
lower in those who used sugammadex compared to those
who used neostigmine with atropine, whereas no difference
was found between the MAP values (12).

In our study, HR at 1 minute after reversal was significantly
higher in Group S compared to Group N. In the evaluation
of the groups in terms of hemodynamic parameters in the
recovery room, HR and diastolic blood pressure values at
10, 20, and 30 minutes were found to be statistically higher
in Group S. The 10" and 20™-minute MAP values were also
found to be significantly higher in Group S. This was thought
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to be due to the faster recovery from anesthesia in Group
S compared to Group N, the lack of cholinergic effects of
sugammadex when compared to neostigmine, and the age
group of the patients in our study, and it was found to be
consistent with the literature (3).

In a study including 40 patients aged 7-18 years who under-
went posterior fossa tumor surgery, the time to 90% TOF was
found to be significantly shorter in the sugammadex group
(1.4 £ 1.2 minutes) compared to the neostigmine group (25.1
* 6.4 minutes) (13). In a prospective randomized study con-
ducted on 80 patients aged 2-12 years, the time to 90% TOF
(0.46 minutes in the sugammadex group and 1.97 minutes
in the neostigmine group) and the duration of extubation
(1.15 minutes in the sugammadex group and 3.25 minutes
in the neostigmine group) were measured to be significantly
shorter in the sugammadex group (7). In a double-blind study
conducted by Ozgun et al. in 60 children aged 2 - 12, the TOF
90% time was statistically significantly lower in the sugam-
madex group (68 sec.) compared to the neostigmine group
(392 sec.). In the same study, it was reported that the time of
intubation was shorter in the sugammadex group (202 sec.)
compared to the neostigmine group (427 sec.) (12). In our
study conducted on infants, it was found that after reversal
of the neuromuscular agent, TOF of 90%, the onset of spon-
taneous respiration, and exuviation times were shorter in the
sugammadex group than in the neostigmine group, consis-
tent with the literature.

In Ledowski’s review of 143 articles published in 2013 - 2014,
it was reported that adverse effects of suggammdex were
rare, and the most severe adverse effect was anaphylaxis,
without a higher incidence compared to other anesthetic
drugs. In this review, it was also stated that sugammadex
may increase perioperative bleeding and has the potential
to interact with dexamethasone (14). A study conducted in
pediatric patients undergoing tonsillectomy showed that
the incidence of postoperative agitation and complications
were significantly lower in patients receiving sugammadex
than in patients receiving neostigmine (15). In another study
conducted on a total of 331 patients under 2 years of age, it
was reported that no sugammadex-related side effects were
observed (16). In systematic reviews covering current and
past studies on the subject, it was concluded that no clini-
cally significant difference was found between both agents
regarding side effects and that sugammadex could be used
safely (17). The side effects we identified in our study were
laryngospasm, hypoxia, nausea, and vomiting, but there was
no statistical difference between the sugammadex group and
the neostigmine group. In the sugammadex group, laryngo-
spasm was observed in 7 cases, and this was thought to be
due to a reaction to the endotracheal tube due to early re-
covery of muscle strength (6).
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This study has several limitations that should be acknowl-
edged. First, although neuromuscular monitoring was per-
formed using TOF stimulation throughout the perioperative
period, the exact TOF count (2, 3, or 4) at the moment of neu-
romuscular blockade reversal was not recorded as a separate
variable. Reversal agents were administered when the TOF
count reached two or more responses (TOF >2) in all patients.
However, the absence of detailed TOF count documentation
at the time of reversal precluded subgroup analyses based
on the precise depth of neuromuscular recovery at that mo-
ment.

Second, perioperative body temperature was routinely mon-
itored as part of standard anesthesia care; however, tem-
perature measurements were not prospectively recorded or
included as a study variable. Although no clinically significant
hypothermia or hyperthermia was observed during the study
period, the lack of recorded temperature data represents a
methodological limitation.

Third, a limitation of this study is the use of multiple t-tests for
repeated hemodynamic measurements instead of a repeat-
ed measures ANOVA or linear mixed model. Future studies
should employ appropriate repeated measures analyses to
confirm these findings and evaluate group—time interactions.

CONCLUSION

In conclusion, in our study on infants, suggamadex provid-
ed faster neuromuscular recovery compared to neostigmine,
and no difference was observed in terms of postoperative
complications, consistent with the results of studies in other
age and patient groups in the literature.
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