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INTRODUCTION

Rocuronium is the most common neuromuscular blocker 
(NMB) used in daily anesthesia practice in all age groups, 
including newborns. NMBs can cause postoperative resid-
ual curarization, airway obstruction, and mortal compli-
cations, such as aspiration and hypoxia. For this reason, 
at the end of the operation, the effect of NMB should be 
rapidly antagonized. Acetylcholinesterase inhibitors have 
been used for many years to antagonize NMB, but the rate 
of residual curarization is rather high.[1,2]

Sugammadex has been developed to safely reverse neu-
romuscular blockage created by rocuronium and vecuro-
nium. Studies in adults have shown efficacy and safety of 
the use of sugammadex in NMB antagonism and its appro-
priate dose ranges.[3–5] Studies in children over the past 
years have revealed that sugammadex has similar efficacy 
in children as in adults.[6–8]

The increase in the quality of newborn care increased the 
survival rate in newborns with anomalies and increased 

the frequency of operation due to existing anomalies as a 
result. The use of sugammadex for the NMB antagonism 
after rocuronium administration for neonatal anesthesia 
has been suggested. However, there are not enough stud-
ies in this area.[9]

The aim of the present study was to discuss the reversal 
of NMB with sugammadex in newborns with retrospective 
data for clinical extubation success and residual curariza-
tion frequency.

MATERIALS AND METHODS

After ethical approval was obtained (SEEAH/06.03.2018/ 
962), the study was conducted as a retrospective analy-
sis of the data of 27 newborns who were aged ≤40 days 
and who underwent abdominal surgery at the pediatric 
surgery clinic between January 2012 and December 2013. 
Rocuronium was used for the induction of anesthesia. 
NMB antagonism was applied with sugammadex and mon-
itored with train-of-four (TOF).
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Objective: The aim of the present study was to discuss the effects of antagonism of neu-
romuscular blockade with sugammadex on extubation success and residual curarization in 
neonates with retrospective data.

Methods: The present study was conducted as a retrospective analysis of the data of 27 
neonates aged ≤40 days who underwent abdominal surgery between January 2012 and Decem-
ber 2013. Rocuronium was used for anesthesia induction, and patients whose neuromuscular 
blockade was antagonized by sugammadex and who were monitored with train-of-four (TOF) 
were included in the study. The dose of rocuronium administered, the dose of sugammadex, 
the duration of the operation and anesthesia, elapsed time from the last dose of rocuronium 
to sugammadex administration and elapsed time from sugammadex administration to extuba-
tion, and TOF values during extubation were recorded from the anesthesia records.

Results: The mean age of the patients was 10.29±11.80 days. The mean weight was 
3.04±1.92 kg. The mean sugammadex dose was 3.6 mg/kg. The elapsed time from the last 
rocuronium to sugammadex administration was 27.3±7.7 min, the elapsed time from sugam-
madex administration to extubation was 1.05±0.6 min, and the TOF value during extubation 
was 93.5±7.3. The time to reach TOF 0.9 was 88.11±21.06 s.

Conclusion: Sugammadex, which is used for the reversal of neuromuscular blockade in 
neonates, showed a similar efficacy as in adult and pediatric patient studies. Safe extubation 
can be performed in neonates in a short period with sugammadex.
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Patients who were >40 days, whose anesthesiology 
records could not be obtained, and who were not moni-
tored with TOF despite rocuronium and sugammadex ad-
ministered were excluded from the study.

The anesthesia records of the patients were assessed, and 
age, sex, and weight and the diagnosis before the opera-
tion were recorded. During the operation, apical heart-
beat and peripheral oxygen saturation levels of all patients 
were monitored, and capnograph, anesthetic gas analyzer, 
and esophageal thermometer were also used for monitor-
ization. Neuromuscular function was monitored with the 
TOF stimulation of the ulnar nerve (TOF-Watch™ SX; 
Schering-Plow Ireland Ltd., Dublin, Ireland). Mask induc-
tion with 8% sevoflurane, intravenous 1 µg/kg fentanyl, and 
rocuronium at a dose of 0.7–0.9 mg/kg were used in anes-
thesia induction. Intubation was performed with 2.5–3.0 
intubation tube without cuff. At the end of the operation, 
NMB antagonization was performed with 2–4 mg/kg sug-
ammadex. All of the patients were extubated based on 
clinical observation.

The dose of rocuronium applied, the dose of sugammadex, 
the duration of the operation and anesthesia, time elapsed 
from the latest dose of rocuronium to sugammadex appli-
cation and from sugammadex to extubation, and TOF val-
ues during extubation were recorded from the anesthesia 
records of the patients.

The duration of the operation was defined as the time 
from skin incision to the last suture. The duration of anes-
thesia was defined as the time from the induction of anes-
thesia to when the patients were fully recovered.

Complications, such as bradycardia, tachycardia, vomiting, 
desaturation, bronchospasm, apnea, during and after the 
operation were recorded.

Statistical analysis
SPSS 15.0 for Windows program (SPSS Inc., Chicago, IL, 
USA) was used for statistical analysis. For descriptive sta-
tistics, numbers were used for categorical variables, and 
mean and standard deviation were used for numerical vari-
ables.

RESULTS

A total of 313 newborns underwent abdominal surgery 
between January 2012 and December 2013. Twenty-seven 
newborns were given rocuronium for anesthesia induc-
tion. NMB antagonization was performed with sugam-
madex and was monitored with TOF.

The diagnostic distribution of the patients is shown in 
Table 1. The average age of the patients was 10.2±11.8 
days. The male-to-female ratio was 11/16, and the aver-
age weight was 3±1.9 kg. The duration of the operation 
was 60.5±29.8 min, and the duration of anesthesia was 
63.7±25.8 min (Table 2). Rocuronium dose was 2.8±1.5 
mg, and sugammadex dose was 11.2±5.4 mg. The mean 
sugammadex dose was 3.6 mg/kg. The time from the last 

application of rocuronium to the administration of sugam-
madex was 27.3±7.7 min, the time from the administration 
of sugammadex to extubation was 1±0.6 min, and the TOF 
value during extubation was 93.5±7.3 (Table 3). The time 
to reach TOF 0.9 was 88.1±21 s. The TOF value of all 
patients during extubation was >0.9.

None of the patients had complications during the proce-
dure, during the operation, or after the operation.

DISCUSSION

Neostigmine is most commonly used NMB antagonist. 
However, it has side effects related to the muscarinic sys-
tem, such as bradycardia, QT prolongation, bronchospasm, 
and hypersalivation.[10] In addition, despite NMB antago-
nism, nicotinic receptors may remain blocked in 60%–70% 
of the cases postoperatively. This condition is defined as 
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Table 3. Drug doses, time intervals, and TOF values

 n=27 (Mean±SD)

Rocuronium dose (mg) 2.8±1.5
Sugammadex dose (mg) 11.2±5.4
The time from the last application of 27.3±7.7
rocuronium to the administration
of sugammadex (min) 
The time from the administration 1±0.6
of sugammadex to extubation (min)
TOF value during extubation (%) 93.5±7.3
The time to reach TOF 0.9 (s) 88.1±21

TOF: Train-of-four; SD: Standard deviation.

Table 2. Demographical data and time intervals

 n=27 (Mean±SD)

Age (day) 10.2±11.8
Male-to-female ratio  11/16
Weight (kg) 3±1.9
Operation duration (min) 60.5±29.8
Anesthesia duration (min) 63.7±25.8

SD: Standard deviation.

Table 1. Diagnostic distribution of the patients

 n=27

Inguinal hernia 9
Necrotizing enterocolitis 5
Pylorostenosis 4
Anorectal malformation 4
Ileal atresia  2
Duodenal atresia 1
Ileus 2



postoperative residual curarization. Postoperative residual 
curarization can cause mortal situations, such as delayed 
recovery, hypoxia, and metabolic disruptions.[1,2] Sugam-
madex, which is widely used for NMB antagonism in adult 
patients in recent years, is an agent that is rocuronium and 
vecuronium selective, does not have muscarinic side ef-
fects, and provides faster and safer recovery than neostig-
mine.[10]

The effectiveness of NMBs in adults and children is differ-
ent. The extracellular space is larger in children, especially 
in newborns, than in adults. In newborns, the amount of 
rocuronium needed to provide sufficient NMB is consid-
erably higher than the previously known doses. In addition, 
the neuromuscular junction has not developed sufficiently. 
The ion channels remain open for longer, and the muscles 
are easily depolarized. In addition, the affinity of receptors 
for nondepolarizing agents is lower, and the diaphragm 
is more sensitive to NMB. All of these factors increase 
the risk of postoperative apnea in newborns. Therefore, 
NMB antagonism becomes more important.[11,12] The use 
of sugammadex, which has a low side effect profile and 
is thought to provide rapid and effective antagonism, has 
been considered for newborns.

The only monitorization that is recommended for the 
detection of postoperative residual curarization is ac-
celeromyography. A TOF ratio >0.9 is an adequate param-
eter for muscle function and respiratory safety.[13]

There are prospective controlled studies on the use of 
sugammadex in adult and pediatric patients, but there is 
no adequate clinical study on its neonatal use, and data are 
limited to a few case reports. Studies on the pediatric age 
group have found that the safe extubation duration and 
sugammadex doses are similar to adults. In addition, when 
compared with neostigmine and placebo, the time to reach 
TOF 0.9 is shorter when sugammadex is used, and the 
incidence of adverse events is lower.[6–8]

In the adult studies conducted, doses of ≥2 mg/kg were 
found to be effective when different doses of sugammadex 
were compared with respect to the time to reach TOF 
0.9.[5]

Plaud et al.[12] compared the time to reach TOF 0.9 and 
plasma concentrations of sugammadex given at 1, 2, and 
4 mg/kg doses after rocuronium is applied in infants (28 
days–23 years), in children (2–11 years), and in adoles-
cents (12–17 years), and at 0.5 mg/kg dose in adults. The 
duration to reach TOF 0.9 in all age groups with doses 
of ≥2 mg/kg is significantly shorter in sugammadex than 
in placebo, and the plasma concentrations are similar. As 
a result of these studies, the effective sugammadex dose 
can be accepted as doses of ≥2 mg/kg for children. In our 
study, the mean sugammadex dose applied was 3.6 mg/kg. 
The dose of sugammadex administered in our study was 
2–4 mg/kg.

Alonso et al.,[9] in their study of 23 newborns of whom 8 
were 1 day old and 15 were 1–7 days old, applied antago-
nization with sugammadex at a dose of 4 mg/kg and found 

that the times to reach above TOF 0.9 are 1.4 min for 
1-day-old patients and 1.2 min for 1–7-day-old patients. In 
our study, this duration was 88.1±21 s. The average age of 
the patients was 10.2±11.8 days.

In a case report, for the antagonism of rocuronium-in-
duced NMB at 0.9 mg/kg dose, sugammadex at a dose of 
4 mg/kg was administered to a newborn who was 3 days 
old, who weighed 2.98 kg, and who was operated for a 
giant ovarian cyst; TOF reached 0.9 at 90 s; and extuba-
tion took place at 8 min.[14] In another case report, 12 mg 
sugammadex was given to a 20-day-old newborn weighing 
2.8 kg, and the time to reach TOF 0.9 was 2 min.[15] It 
has been shown that sugammadex, which acts by binding 
rocuronium directly, can be used safely in the laparoscopic 
pyloric stenosis operation of a 3-week-old newborn with 
neonatal myasthenia gravis.[16] In a 2-day-old newborn with 
prolonged central and peripheral neuromuscular blockage 
due to rocuronium infusion following tracheal esophageal 
fistula repair, the central nervous system effects were suc-
cessfully reversed with sugammadex.[17]

The limitations of our study are the evaluation of retro-
spective data and the lack of a comparison group. There is 
a need for prospective, randomized, controlled studies to 
be conducted on this subject.

In conclusion, sugammadex reduced the risk of postoper-
ative residual curarization by shortening the duration of 
extubation and time required to reach TOF 0.9 in adults 
and children at similar doses regarding the recovery from 
neuromuscular blockage in newborns due to rocuronium 
use. Sugammadex is effective and safe for restoration from 
neuromuscular blockage caused by the use of rocuronium 
in the newborn group.
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Amaç: Bu çalışmada amacımız, yenidoğanlarda nöromusküler blokajın sugammadeks ile antagonize edilmesinin, klinik ekstübasyon başarısı 
ve rezidüel kürarizasyon sıklığı üzerine etkilerini geriye dönük verilerle tartışmaktır.

Gereç ve Yöntem: Bu çalışma 40 gün veya daha küçük yaşta olan ve Ocak 2012 ile Aralık 2013 tarihleri arasında karın ameliyatı geçirmiş 
27 yenidoğanın verilerinin geriye dönük analizi olarak yapıldı. Anestezi indüksiyonu için roküronyum kullanılıp, sugammadeks ile antagonize 
edilen, Train-of-four (TOF) ile izlenen hastalar dahil edildi. Uygulanan roküronyum dozu, sugammadeks dozu, operasyon ve anestezi süresi, 
en son roküronyum dozundan sugammadeks uygulamasına geçen süre ve sugammadeks uygulamasınadn ekstübasyona kadar geçen süre ve 
ekstübasyon sırasında TOF değerleri anestezi kayıtlarından alındı.

Bulgular: Ortalama yaş 10.29±11.80 gündü. Ortalama ağırlık 3.04±1.92 kg idi. Ortalama sugammadeks dozu 3.6 mg/kg idi. Son roküronyum 
uygulamasından sugammadeks uygulamasına kadar geçen süre 27.3±7.7 dakika, sugammadeks uygulamasından ekstübasyona kadar geçen süre 
1.05±0.6 dakika idi ve ekstübasyon sırasında TOF değeri 93.5±7.3 idi. TOF 0.9’a ulaşma süresi 88.11±21.06 saniyeydi.

Sonuç: Yenidoğanlarda nöromusküler blokajın geri döndürülmesi amacıyla kullanılan sugammadeksin, erişkin ve pediatrik hasta çalışma-
larındaki ile benzer etkinlikte olduğu görülmüştür. Yenidoğanlarda sugammadeks ile kısa sürede ve güvenli ekstübasyon gerçekleştirilebilir.

Anahtar Sözcükler: Ameliyat sonrası rezidüel kürarizasyon; sugammadeks, yenidoğan.
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