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Due to unknown safety concerns, sugammadex should not be administered to patients with
end-stage renal disease (ESRD). However, because the supply of benzylisoquinolinium-type
neuromuscular blocking agents (NMBAs) has been discontinued, rocuronium is the only
non-depolarizing NMBA that can be used in clinical settings in some countries, including
South Korea. The administration of sugammadex cannot be avoided to achieve rapid and
complete neuromuscular recovery in patients with ESRD or renal transplantation after rocu-
ronium administration. Although there has been a limited number of clinical studies involv-
ing the use of sugammadex in patients with ESRD, studies have shown that sugammadex
can effectively and safely reverse rocuronium-induced neuromuscular blockade (NMB) in
patients with ESRD, however recovery of neuromuscular function in patients with ESRD is
slower than in patients with normal renal function. Nonetheless, safety-concerns are yet to
be addressed. Considering the small number of clinical studies, high heterogeneity among
studies, and insufficient safety information, more extensive data on the efficacy and safety
of sugammadex in patients with ESRD are needed. In particular, it is important to secure
data on safety, including residual NMB after surgery, recurarization and cardiorespiratory
complications, anaphylactic reactions, and long-term morbidity and mortality. Furthermore,
anesthesiologists should remember that performing proper quantitative neuromuscular
monitoring and neuromuscular management based on the monitoring signs are the most
essential requirements when using sugammadex in patients with ESRD.

Keywords: Chronic kidney failure; Drug-related side effects and adverse reactions; End-
stage renal disease; Neuromuscular blockade; Rocuronium; Sugammadex.

INTRODUCTION

Sugammadex, a neuromuscular blockade (NMB) reversal
agent, binds strongly with neuromuscular blocking agents
(NMBASs), including rocuronium, by encapsulating them in
the blood and is excreted by the kidney in the form of a sta-
ble complex, resulting in the rapid and complete reversal of
the NMB [1].

Concomitant renal dysfunction in patients with end-stage

renal disease (ESRD) affects the pharmacokinetics (PKs) of
non-depolarizing NMBAs, making neuromuscular function
recovery prolonged or unpredictable. Therefore, when
sugammadex is administered to patients with severe renal
impairment, sugammadex or sugammadex-rocuronium
complex is not excreted by the kidneys, posing a high risk of
long-term exposure to the free sugammadex or complex
(continuously present in high concentrations in the blood).

The use of sugammadex is not currently recommended in
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this patient group due to the risk of prolonged NMB state
(presence of residual NMB) and recurarization or anaphy-
lactic reactions in the postoperative period [2]. Sugammadex
is not recommended by the US Food and Drug Administra-
tion for patients with a creatinine clearance of less than 30
ml/min [3]. Furthermore, the Korean Ministry of Food and
Drug Safety does not recommend the administration of
sugammadex to patients with severe renal impairment (cre-
atinine clearance of less than 30 ml/min) or patients requir-
ing dialysis.

Nevertheless, there are cases where a combination of ro-
curonium and sugammadex is necessary for proper NMB
management under anesthesia in surgical patients with
chronic kidney disease in various clinical situations (such as
surgery with very short operation time, including laryngeal
microsurgery). Additionally, there are problems associated
with the supply of benzylisoquinolinium-type NMBAs, their
side effects and limitations. For these reasons, recently, it is
common for patients with ESRD to be prescribed a combi-
nation of rocuronium and sugammadex. Therefore, consid-
ering this situation, it is necessary to comprehensively re-
view and analyze studies on the administration of sugam-
madex in patients with ESRD.

Several prospective case-control studies, retrospective co-
hort studies, and case reports on the administration of
sugammadex in patients with ESRD (or patients undergoing
kidney transplantation) have been reported. A systematic
review and meta-analysis [4], presented data analysis results
on its efficacy and safety by synthesizing and integrating the
results of studies reporting the use of sugammadex, and a
retrospective study that investigated relatively long-term
mortality [5], were reported. Table 1 shows the characteris-
tics and results of the relevant studies.

EFFICACY OF SUGAMMADEX IN
PATIENTS WITH ESRD

Several prospective case-control studies on the adminis-
tration of sugammadex in patients with ESRD have been re-
ported, with some administrating sugammadex 2.0 mg/kg
for reversal of moderate NMB [6,7], while others adminis-
tered sugammadex 4.0 mg/kg for reversal of deep NMB [8,9].
Staals et al. [6,7] reported the results of a phase III trial con-
ducted to determine the efficacy, safety, and PKs of sugam-
madex in patients with ESRD by dividing them into pharma-
codynamic and safety findings [6] and PK findings [7], re-

spectively.
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Table 1. Characteristics of the Main Studies Investigating the Use of Sugammadex in Patients with End-stage Renal Disease

Side effects

Main results and conclusion

secondary outcomes
Time from SGX to recovery SGX was well tolerated by all patients No SGX-related serious adverse

Primary outcome/main

SGX dose
2 mg/kg

trol (sample size)

(sample size)
CICr < 30 ml/min CICr = 80 ml/

Patients with ESRD Patients in con-

Study design

Study

Prospective

Staals et al.,

events

to TOF ratio 0.9/reoccur-

rence of NMB
Pharmacokinetic data of

min (15)

(15)

clinical trial.

2008 [6]

Pharmacokinetics in renal failure were

CICr < 30 ml/min CICr 2 80ml/ 2mg/kg

Prospective

Staals et al.,

largely different to healthy patients.
Urinary excretion was reduced

SGX and rocuronium in-

min (15)

(15)

clinical trial.

2010 [7]

cluding plasma clearance
Time from SGX to recovery SGX effectively and safely reversed

No adverse events or evidence of

4 mg/kg

CICr < 30 ml/min CICr > 90 ml/

de Souza et  Prospective

recurrence of NMB

profound NMB; however, recovery to
a TOF ratio 0.9 was prolonged in re-

nal failure
Time from SGX to recovery SGX rapidly reverse deep NMB in re-

TOF ratio of 0.7 and 0.8.

TOF ratio of 0.9/time to

min (20)

undergoing KT (20)

clinical trial.

al., 2015 [8]

cluding dizziness, headache, in-
which were each reported by 1
(4%)

(Continued to the next page)

verse events, but none were re-
fusion site reaction, pain in ex-
tremity and oral paresthesia,

lated to SGX

patients reported serious ad-
SGX exposure is increased, and clear- Drug-related adverse events in-

No NMB recurrence. Nine of 35

renal dysfunction. SGX was well tol-

nal impairment, but clearance is re-
erated with renal impairment

duced
ance is decreased with increasing
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Administration of sugammadex 2.0 mg/kg for
reversal of rocuronium-induced moderate NMB

Staals et al. [6] reported that the mean time of recovery of
the train-of-four (TOF) ratio to 0.9 was not significantly dif-
ferent between patients with ESRD and healthy patients with
normal renal function. However, reversal of NMB using
sugammadex tended to be slower in patients with ESRD (a
mean value of 2.0 min for recovery of the TOF ratio to 0.9 in
patients with ESRD vs. 1.65 min in controls). They suggested
that sugammadex 2.0 mg/kg rapidly and effectively reverses
rocuronium-induced moderate NMB in patients with ESRD
and healthy controls; thus, sugammadex was well tolerated
by all patients.

Administration of sugammadex 4.0 mg/kg for
reversal of rocuronium-induced deep NMB

First, de Souza et al. [8] reported that the mean time of re-
covery of the TOF ratio to 0.9 after sugammadex (4.0 mg/kg)
administration was significantly prolonged in the ESRD
group (5.6 £ 3.6 min) than in the control group (2.7 * 1.3
min), and they suggested that sugammadex 4.0 mg/kg ef-
fectively and safely reversed rocuronium-induced deep
NMB in patients with ESRD, although the recovery was
slower than in healthy controls. Panhuizen et al. [9] report-
ed median (95% confidence interval) time from sugamma-
dex 4.0 mg/kg to recovery to TOF ratio of 0.9 was 3.1 (2.4-
4.6) and 1.9 (1.6-2.8) min for ESRD versus control group
and suggested that sugammadex 4 mg/kg provided rapid
reversal of rocuronium-induced deep NMB in patients with
ESRD and control patients. However, the recovery time was
significantly different between patients with ESRD and
healthy controls.

Efficacy of sugammadex in patients with ESRD in
a systematic review and meta-analysis

A recently published systematic review found that the
time required to reach a TOF ratio > 0.9, 0.8, or 0.7 was sig-
nificantly longer in patients with ESRD. The plasma clear-
ance of sugammadex in patients with ESRD was significant-
ly lower than that in healthy controls, based on meta-analy-
sis of six prospective observational studies [4]. However,
given that the difference in the recovery time is not long
enough to cause a clinically significant difference (e.g., the
mean difference of the time to reach a TOF ratio of 0.9:1.14

14

min), it is believed that the NMB reversal time in patients
with ESRD is slightly longer than that in patients with nor-
mal renal function.

PHARMACOKINETIC ASSESSMENT OF
SUGAMMADEX IN PATIENTS WITH ESRD

Staals et al. [7] investigated the effect of ESRD on the PKs
of sugammadex and rocuronium, and on the elimination of
rocuronium encapsulated by sugammadex in patients with
ESRD and controls using plasma and urine sampling at vari-
ous times up to 48-72 h after sugammadex administration.
Panhuizen et al. [9] collected blood samples from patients
with ESRD and controls to assess rocuronium and sugam-
madex concentrations at various times up to 24-48 h after
sugammadex injection. Min et al. [10] compared PKs of a
single IV dose of sugammadex in patients with moderate
and severe renal impairment to healthy patients.

Total plasma clearance of sugammadex in patients with
ESRD was significantly lower than that in healthy controls
[7,10]. Total plasma clearance of rocuronium in patients
with ESRD was significantly lower than that in healthy con-
trols [4]. Additionally, the effect of renal impairment on total
plasma clearance was found to be greater with sugammadex
than with rocuronium [7].

Staals et al. [7] reported significant differences in the PKs
of sugammadex and rocuronium between patients with
ESRD and healthy controls, with ESRD having a greater ef-
fect on sugammadex PK variables than those of rocuronium.
The reason is that extrarenal clearance of rocuronium can
occur in patients with ESRD, and even after encapsulating
rocuronium with sugammadex, unbound rocuronium un-
dergoes hepatic metabolism and elimination. Therefore, the
total plasma clearance of rocuronium is less affected by re-
nal impairment than sugammadex. The greater effect of re-
nal impairment on total plasma clearance of sugammadex
compared to rocuronium suggests that plasma concentra-
tions of sugammadex remain relatively high in patients with
ESRD during the postoperative period. Therefore, the possi-
bility of the existence of unbound rocuronium is reduced,
and in this situation, if the stability of the sugammadex-ro-
curonium complex is guaranteed, the risk of recurarization
with free rocuronium may be low [4].

In addition, the plasma concentration of rocuronium 12 h
after sugammadex injection was significantly higher in pa-
tients with ESRD [7,9]; however, this was due to the limita-

tions of liquid chromatography-mass spectrometry to mea-
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sure the plasma concentration of sugammadex and rocuro-
nium. Because this assay cannot distinguish between en-
capsulated rocuronium (sugammadex-rocuronium com-
plex) and free rocuronium, high plasma concentrations of
rocuronium in patients with ESRD measured after sugam-
madex administration do not represent plasma concentra-
tions of pure unbound (free) rocuronium [7,9,11,12]. Fortu-
nately, a sugammadex-rocuronium complex may exist in
equilibrium with a low dissociation constant because of
strong binding [13]. However, it is unknown how long
sugammadex-rocuronium complexes stably exist in the
blood and whether changes in the binding force occur in pa-
tients with ESRD. If the internal environment in which the
binding force of the sugammadex-rocuronium complex is
reduced in these patients, the risk of fatal complications, in-
cluding recurarization, still exists. Furthermore, given that
the sugammadex-rocuronium complex was found in the
body for a longer period in patients with ESRD (when con-
sidering the report for prolonged sugammadex- rocuronium
complex exposure in patients with ESRD [9]), and there are
no reported clinical data for the long-term distribution and
elimination of this complex in their body, further PK studies
with longer follow-up periods should be conducted.

In a situation where the stability of the sugammadex-ro-
curonium complex and the PK process in the body are un-
clear in patients with ESRD, the following study results relat-
ed to the dialysability of this complex by high-flux dialysis in
patients with severe renal impairment are encouraging.
Cammu et al. [14] evaluated the dialysability of sugamma-
dex and the sugammadex-rocuronium complex in six pa-
tients with acute severe renal impairment in the intensive
care unit (ICU). All patients received rocuronium 0.6 mg/kg,
followed by sugammadex 4.0 mg/kg 15 min later. Rocuroni-
um and sugammadex concentrations in the plasma and di-
alysate were measured before, during, and after high-flux di-
alysis. The reduction ratio (the reduction extent of the plas-
ma concentration at the end of a dialysis episode compared
to that before dialysis) and dialysis clearance in plasma and
dialysate were calculated for each dialysis episode. They re-
ported that the mean plasma concentrations of sugamma-
dex and rocuronium were reduced by 69% and 75% during
the first dialysis episode, respectively, with reductions of ap-
proximately 50% during subsequent dialysis episodes. The
mean dialysis clearance of sugammadex and rocuronium in
the blood were 78 and 89 ml/min, respectively. Therefore,
they concluded that in patients with severe renal impair-

ment, hemodialysis using high-flux dialysis could be effec-

www.anesth-pain-med.org

tive in removing sugammadex and sugammadex-rocuroni-
um complex. According to the findings of this study, in pa-
tients with ESRD who have been receiving renal replace-
ment therapy, including hemodialysis before surgery, if he-
modialysis using a high-flux dialysis method is performed in
the patients within 24-48 h after surgery, the sugammadex-
rocuronium complex can be effectively removed, which fur-
ther reduces the risk of postoperative complications, such as

recurarization [4].

SAFETY-RELATED RESULTS OF
SUGAMMADEX IN PATIENTS WITH ESRD

Safety outcomes of sugammadex in patients
with ESRD in prospective case-control studies

In prospective trials by Staals et al. [6] and de Souza et al.
[8], no sugammadex-related serious adverse events (AEs)
were reported in the small samples of 15 and 20 patients, re-
spectively. A relatively larger sample of 35 patients in a pro-
spective case-control trial by Panhuizen et al. [9] reported at
least one serious AE in nine renal patients and three patients
in the healthy control group; however, none were considered
to be related to sugammadex, and no clinical evidence (e.g.,
respiratory problems) of residual NMB or recurrence of
NMB was reported after extubation for any patient. As a
phase 1 PK study of sugammadex performed in two parts,
Min et al. [10] closely monitored the side effects of sugam-
madex in two parts. Drug-related AEs, including dizziness,
headache, infusion site reaction, pain in the extremities, and
oral paresthesia, were reported in 1 (4.2%) of the 24 patients
in their part 1 study, and no drug-related AEs were reported
in the part 2 study with 18 patients. No hypersensitivity was
reported in either part of this study.

Short-term safety outcomes of sugammadex
in patients with ESRD in retrospective cohort
studies

The short-term safety outcomes of sugammadex in surgi-
cal patients with ESRD were assessed in a retrospective
study by Adams et al. [15]. The main outcomes of the study
were the incidence of deferred tracheal extubation in the
operating room and tracheal reintubation within 48 h of sur-
gery in patients whose trachea was extubated at the end of
surgery. Of the 158 patients with ESRD, 22 (13.9%) under-

went deferred tracheal extubation due to surgical and/or

15
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pre-existing medical conditions. Of the 136 patients who
had the tracheal tube removed at the end of the surgery,
three patients had tracheal reintubation within 48 h; howev-
er, two of these cases were because of pulmonary edema
due to volume overload, and one case was due to deteriora-
tion of sepsis. None of the patients showed any evidence of
NMB recurrence. They concluded that sugammadex is safe
and effective. Paredes et al. [16] reported a cohort study of
219 patients with stage 5 chronic kidney disease who re-
ceived sugammadex. No hypersensitivity reaction was ob-
served, and reintubation was required in three patients; two
patients developed hypoxemia that did not require reintuba-
tion, and one patient developed pneumonia, 9 (4.1%) pa-
tients died within 30 days of surgery. None of these events
was related to the administration of sugammadex.

Long-term safety outcomes of sugammadex in
patients with ESRD in a retrospective cohort study

Long-term safety outcomes were assessed in a recent ret-
rospective propensity-score-matched study. Song et al. [5]

analyzed the mortality associated with sugammadex in
2,039 surgical patients with ESRD who required hemodialy-
sis (806 in the sugammadex group and 1,233 in the
non-sugammadex group). After propensity score matching,
1,594 patients were analyzed (797 in the sugammadex group
and 797 in the non-sugammadex group). No significant dif-
ferences were observed in the 30-day or 1-year mortality rate
between the sugammadex group and the non-sugammadex
group before or after matching. They concluded that the use
of sugammadex did not increase the 30-day and 1-year mor-
tality rates after surgery in patients with ESRD. This study
recommends the safe use of sugammadex in patients with
ESRD with respect to long-term safety outcomes.

Safety of sugammadex in patients with ESRD in
a case report

Valente et al. [17] reported a case of a 78-year-old man
who weighed 66 kg with acute renal failure (estimated glo-
merular filtration rate [eGFR] of 28.4 ml/min) requiring a
high dose of sugammadex for rocuronium reversal during
general anesthesia. Sugammadex at a dose of 1,000 mg (15.5
mg/kg) was administered over 20 min to achieve NMB re-
versal from TOF count 1 to TOF ratio of 0.99. The patient was
then extubated and transferred to the general ward. No

weakness or respiratory complications were observed

16

during the remaining hospital stays. The patient underwent
another surgery with normal renal function after 18 months,
and at that time, sugammadex 200 mg rapidly reversed the
NMB from a TOF count of 0-2 to a TOF ratio of 0.95. In this
case, no AEs related to sugammadex were observed, despite
the high dose of sugammadex. This may contribute to ex-
panding the safety profile of sugammadex and its use in pa-
tients with renal failure. In addition, this case suggests that
dose modification of sugammadex may be necessary for pa-
tients with ESRD.

Taken together, although serious AEs directly related to
sugammadex use were rarely observed in the abovemen-
tioned trials and case report, safety-related issues of sugam-
madex in patients with ESRD have not yet been resolved due
to insufficient safety data.

Safety of sugammadex in patients with ESRD in
a systematic review and meta-analysis

Kim et al. [4] reported that there were no significant differ-
ences between patients with ESRD and patients with normal
renal function in the incidence of NMB recurrence, delayed
recovery to a TOF ratio of 0.9, or other clinical signs of inap-
propriate neuromuscular recovery. Furthermore, in retro-
spective cohort studies [15,16], the possibility of residual
NMB related to sugammadex was found to be insignificant.
These findings suggest that sugammadex can effectively and
safely reverse rocuronium-induced NMB in patients with
ESRD. However, further studies are needed given the small
number of included studies and the high heterogeneity of
some results.

THE USE OF SUGAMMADEX IN RENAL
TRANSPLANTATION PATIENTS

Reliable and sufficient reversal of NMB is important in pa-
tients with ESRD undergoing renal transplantation, to pre-
vent microaspiration because of their perioperative immu-
nosuppressed status. Therefore, there is no doubt about se-
lecting a more effective and safer NMB reversal agent and
providing proper NMB management using quantitative
neuromuscular monitoring to measure neuromuscular
function during anesthesia and to reduce postoperative re-
sidual NMB or recurarization [18].

Ono et al. [19] studied 99 consecutive patients who had
undergone living renal transplantation. They investigated

the efficacy and complications of sugammadex in the first
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48-72 h in the surgical ICU and during 6 months follow-up
period. In their study, no AEs, including recurarization, were
recorded during the observation period following sugam-
madex administration. Although 14 (14.3%) patients had se-
vere renal impairment (eGFR < 30 ml/min) on postopera-
tive day 5, there were no signs of recurarization. Therefore,
they concluded that the sugammadex-rocuronium complex
may be excreted without detachment in their setting after
renal transplantation and may remain stable for a long time
in patients with renal transplants. In addition, considering
that no patients required additional sugammadex injection
at a dose of more than 4 mg/kg in their study, they recom-
mended a dose of sugammadex 4 mg/kg to achieve com-
plete recovery from deep NMB in patients with ESRD. More-
over, they emphasized that anesthesiologists should pay at-
tention to the titrating amount of sugammadex while avoid-
ing unnecessary overdoses, although no allergic reaction
was observed in their study.

Sugammadex’s effect on grafted (transplanted) kidney
function is important and warrants further investigation, in
addition to its efficacy and safety in patients undergoing re-
nal transplantation. Given that sugammadex can interact
with corticosteroids, which play an important role in immu-
nosuppression in patients undergoing renal transplantation,
Arslantas et al. [20] retrospectively investigated whether
there are any differences in grafted kidney function in recipi-
ents of renal transplantation when sugammadex or neostig-
mine is administered to the recipient. They reported no sig-
nificant differences in serum creatinine values, the incidence
of acute rejection episodes, graft failure, length of hospital
stay, mortality, and graft survival rates until postoperative
day 28 between recipients reversed with sugammadex and
those reversed with neostigmine. Nevertheless, they sug-
gested that considering the sugammadex-corticosteroid in-
teraction and its long-term effects on immunosuppression
and grafted kidney function, current safety data are insuffi-
cient to support the recommendation of routine sugamma-
dex use in patients undergoing renal transplantation.

Vargas et al. [21] compared the effects of rocuronium and
sugammadex on transplanted kidney function to cisatracu-
rium and neostigmine. They reported that blood creatinine
levels at 6, 12, and 24 h were significantly lower in the rocu-
ronium- sugammadex group than in the cisatracurium-
neostigmine group and that there were no significant differ-
ences between the two groups in blood sodium and potassi-
um, diuresis, urinary sodium, and potassium levels before

and after transplantation. They concluded that the adminis-
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tration of rocuronium and sugammadex during renal trans-
plantation did not affect the grafted kidney function in the
first week after transplantation.

Recently, Carron et al. [22] reported a single-center, 2014~
2017 retrospective cohort case-control study that compared
the impact of rocuronium-sugammadex versus cisatracuri-
um-neostigmine on grafted kidney function in patients with
renal transplants. The study included 350 patients who un-
derwent renal transplantation and were equally divided into
a sugammadex group (175 patients) and a neostigmine
group (175 patients). The study showed that serum creati-
nine and serum urea levels were lower, while eGFR was
higher in the sugammadex group than in the neostigmine
group after transplantation. The sugammadex group showed
a significantly lower incidence of severe postoperative hy-
poxemia, shorter post-anesthesia care unit stay, and re-
duced ICU admissions. They concluded that the rocuroni-
um-sugammadex combination for NMB management
showed a better-grafted kidney function and recovery profile
and fewer AEs than cisatracurium-neostigmine in patients
undergoing kidney transplantation.

LIMITATIONS AND FUTURE CHALLENGES

A few prospective observational studies using sugamma-
dex in patients with ESRD have been reported [6-10]. Re-
garding the method of evaluating safety-related results,
each study had various reporting outcomes and observa-
tion periods related to adverse reactions. In some studies,
there was insufficiently detailed mention of safety results.
Thus, more prospective observational studies are needed to
evaluate sugammadex-related efficacy and safety in pa-
tients with ESRD. Although several high-quality retrospec-
tive cohort studies have been reported recently [15,16,19],
additional large-scale retrospective studies, including more
robust safety-related data, such as, data associated with re-
curarization, anaphylactic reactions, long-term morbidity
and mortality, and sugammadex-related cardiovascular
complications, including bradycardia associated with hy-
perkalemia, which can occur frequently in patients with
ESRD, are needed.

Magoon et al. [23] hypothesized that sources of concern
with sugammadex in patients with ESRD include the possi-
ble instability of rocuronium-sugammadex binding, pro-
longed clearance times for rocuronium and sugammadex,
difficult dosing of sugammadex for deep NMB, and sugam-

madex-related bradycardia. The cardiovascular adverse ef-
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fects of sugammadex include corrected QT interval prolon-
gation, atrioventricular block, atrial fibrillation, hypotension,
and asystole associated with sugammadex warrant caution
and further studies to examine its safety [24]. Most impor-
tantly, when administering rocuronium and sugammadex
to patients with ESRD, it is essential to determine the depth
of NMB during surgery using a quantitative neuromuscular
monitoring device and to determine the appropriate dose
of sugammadex accordingly. If such quantitative neuro-
muscular monitoring is not performed, it is difficult to rule
out the possibility of residual NMB [23].

Comparing and observing the sugammadex-adminis-
tered group and the neostigmine-administered control
group in patients with ESRD would be a more efficacious
for identifying sugammadex-related complications.

The use of several types of sugammadesx, including many
generic sugammadex, will gradually increase as only rocu-
ronium is available in the supply of NMBAs worldwide.
Considering the current limitations in terms of the effec-
tiveness and safety of sugammadex in patients with ESRD,
close patient monitoring through quantitative neuromus-
cular monitoring is more important. In addition, various in-
ternational societies of anesthesiologists and pharmaceuti-
cal companies need to solve the supply problem of benzyli-
soquinolinium-type NMBAs (e.g., mivacurium, atracurium,
and cisatracurium).

Recently, an experimental study showed the histochemi-
cally detectable nephroprotective effect of sugammadex in
an ischemia-reperfusion rat model [25]. Considering the ef-
fect of sugammadex on renal function in patients with re-
duced renal function or in those undergoing renal trans-
plantation, experimental and clinical studies on the renal
protective effect of sugammadex will be valuable in the fu-
ture.

RECOMMENDATIONS REGARDING THE
USE OF SUGAMMADEX APPLICABLE IN
PATIENTS WITH ESRD

Based on this review, we intend to present the minimum
recommendations applicable to actual clinical settings for
patients with ESRD undergoing general anesthesia as fol-
lows:

1. Quantitative NMB monitoring is mandatory for patients
with ESRD because their responses to rocuronium and
sugammadex may be more unpredictable and incom-

plete than those of healthy patients.
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2. Considering the unresolved issue of sugammadex dosing,
especially for deep NMB, moderate NMB and the corre-
sponding sugammadex dose are recommended.

3. In patients with ESRD who have undergone hemodialysis
before surgery, hemodialysis using a high-flux dialysis
method within 24-48 h after surgery may be helpful. Pa-
tients who do not undergo hemodialysis require closer
monitoring for a longer period to prevent postoperative
complications.

4. Considering the potential risk of cardiopulmonary com-
plications in patients with ESRD, close monitoring, in-
cluding electrocardiogram, oxygen saturation, blood
pressure, and blood tests for electrolytes, are required
during the perioperative period.

5. A rocuronium-sugammadex combination is feasible for
NMB management in patients undergoing renal trans-
plantation. Nevertheless, routine sugammadex use is not
yet recommended because of the unresolved issues of
sugammadex-corticosteroid interaction and its long-term
effects on immunosuppression and grafted kidney func-
tion.

CONCLUSION

Considering real clinical situations, including the discon-
tinuation of the benzylisoquinolinium-type NMBAs, the use
of sugammadex in clinical practice for NMB management
cannot be avoided to achieve safe and complete neuromus-
cular recovery in patients with ESRD or patients with renal
transplants after rocuronium administration.

Sugammadex can effectively and safely reverse rocuroni-
um-induced NMB in patients with ESRD; however, the re-
covery of neuromuscular function in these patients is signifi-
cantly slower than that in patients with normal renal func-
tion. However, the difference in the recovery rate was insuffi-
cient to be clinically significant. Considering the insufficient
amount of reported data to date, more extensive data are re-
quired on the efficacy and safety of administration of sugam-
madex in patients with ESRD, especially safety-related re-
sults, including postoperative residual NMB, recurarization,
and incidence of cardiopulmonary complications, and a
problem in the dosing for reversal of deep NMB. Further-
more, it is important to perform appropriate quantitative
neuromuscular monitoring during general anesthesia of pa-
tients with ESRD in actual clinical settings. Anesthesiologists
should remember that it is essential to confirm the depth of

perioperative NMB through neuromuscular monitoring, ad-
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minister an appropriate dose of sugammadex, and closely
monitor the recovery of neuromuscular function.
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