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Abstract

In the era of “fast-track’ liver transplantation (LT), neuromuscular blockade (NMB) antagonists such as neostigmine or sugam-
madex are used to achieve the restoration of neuromuscular function. While sugammadex reverses NMB faster than neostigmine,
it has been shown to prolong prothrombin time (PT) and activated thromboplastin time (aPTT). However, this agent’s impact
on coagulation during LT is not understood. We compare bleeding risk associated with sugammadex versus neostigmine during
liver transplantation. This is a single-center, retrospective review of LT patients who received NMB antagonists intraopera-
tively between 01/01/2015 to 05/31/2018 at Mayo Clinic in Florida. The primary outcomes were postoperative day (POD) 0-1
bleeding events and POD 0 values of aPTT and INR. Total 241 patients were included, with 135 patients in the neostigmine
group (NG) and 106 in the sugammadex group (SG). POD 0-1 postoperative bleeding requiring transfusion occurred in 20%
of NG versus 10.4% in SG. POD 0-1 re-operation for bleeding occurred in 1.5% in NG vs. 0% in SG. POD 0 mean INR was
2.0±0.4 in both groups. POD 0 mean aPTT was 45.5±7.9 in NG vs. 49.3±9.0 in SG. Our retrospective study suggests that
sugammadex is not associated with an increased risk of bleeding compared to neostigmine use.
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Abstract

Comparison of Bleeding Profiles of Sugammadex and Neostigmine in Orthotopic Liver Trans-
plantation

H Liang, DO, R Chadha, MD, L White, J.R Renew, MD FASA FASE

WHAT IS ALREADY KNOWN ABOUT THIS SUBJECT :

Sugammadex is known to prolong prothrombin time (PT) and activated thromboplastin time (aPTT); ho-
wever, there are still controversies about the relation between sugammadex and bleeding. Liver transplant
recipients often present with abnormal coagulation profiles and other comorbidities before liver transplanta-
tion and have a higher risk of postoperative bleeding. We compare bleeding risk associated with sugammadex
versus neostigmine during liver transplantation.

WHAT THIS STUDY ADDS :

Our retrospective study results demonstrate that sugammadex is not associated with increased postoperative
bleeding events, had less PONV, did not affect the organ rejection rate, and did not affect hospital length
of stay. We provide incremental evidence sugammadex can be considered as an alternative to antagonize
neuromuscular blockade following orthotopic liver transplantation.

Introduction

In the era of “fast-track’ liver transplantation (LT), neuromuscular blockade (NMB) antagonists such as
neostigmine or sugammadex are used to achieve the restoration of neuromuscular function. While sugamma-
dex reverses NMB faster than neostigmine, it has been shown to prolong prothrombin time (PT) and activated
thromboplastin time (aPTT). However, this agent’s impact on coagulation during LT is not understood. We
compare bleeding risk associated with sugammadex versus neostigmine during liver transplantation.

Methods

This is a single-center, retrospective review of LT patients who received NMB antagonists intraoperatively
between 01/01/2015 to 05/31/2018 at Mayo Clinic in Florida. The primary outcomes were postoperative
day (POD) 0-1 bleeding events and POD 0 values of aPTT and INR.

Results

Total 241 patients were included, with 135 patients in the neostigmine group (NG) and 106 in the sugamma-
dex group (SG). POD 0-1 postoperative bleeding requiring transfusion occurred in 20% of NG versus 10.4%
in SG. POD 0-1 re-operation for bleeding occurred in 1.5% in NG vs. 0% in SG. POD 0 mean INR was
2.0±0.4 in both groups. POD 0 mean aPTT was 45.5±7.9 in NG vs. 49.3±9.0 in SG.

Conclusions

Our retrospective study suggests that sugammadex is not associated with an increased risk of bleeding
compared to neostigmine use.

Key words : Sugammadex, liver transplantation, neuromuscular blockade, hemorrhage
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Text

Introduction

Liver transplantation is the second common transplant surgery in the United States1, and it remains the
first-line treatment for patients with end-stage liver disease. With advances in surgical technique, anesthetic
management, multidisciplinary patient care, and immunosuppression, the procedure has a greater than 90%
1-year survival and greater than 75% 5-year survival.1 Due to this multidisciplinary approach, numerous cen-
ters have been able to perform the procedure with fewer perioperative complications allowing for extubation
in the operating room and transfer to the floor, bypassing the intensive care unit (ICU), a process known as
”fast-tracking.”

Traditionally, anticholinesterase inhibitors have been used as a neuromuscular blockade antagonist (NMBA)
prior to extubation for patients undergoing procedures requiring neuromuscular blockade. Over the last de-
cade, a novel neuromuscular blockade antagonist, sugammadex, has become available as an alternative for
reversing aminosteroidal neuromuscular blocking agents.2Sugammadex is a modified cyclodextrin that selec-
tively encapsulates and reverses the effects of steroidal neuromuscular relaxants. Compared to neostigmine,
sugammadex has a lower risk of adverse events such as bradycardia and a lower incidence of postopera-
tive nausea and vomiting (PONV).3 However, sugammadex is known to prolong prothrombin time (PT)
and activated thromboplastin time (aPTT).4 This characteristic is of particular concern during liver trans-
plantation as coagulopathy is common, and postoperative hemorrhage requiring re-operation can occur in
approximately 10-15% of patients.5

Compared to the general population, liver transplant recipients often present with abnormal coagulation
profiles and other comorbidities prior to liver transplantation and have a higher risk of postoperative blee-
ding. Data on the impact of sugammadex on coagulation in orthotopic liver transplantation surgery patients
is limited. The primary goal of this study was to compare the bleeding risk of sugammadex versus neostig-
mine, with secondary outcomes focused on the incidence of organ rejection, PONV, and length of hospital
stay (LOS) in liver transplant recipients. We hypothesize that the use of sugammadex has no impact on
postoperative bleeding, organ rejection, and LOS, and may reduce the incidence of PONV when compared
to neostigmine.

Methods

This study was conducted under Mayo Clinic IRB 19-005899. It is a single-center, retrospective review of
patients who underwent orthotopic liver transplantation between 01/01/2015 to 05/31/2018 at Mayo Clinic,
Florida. We included patients who were part of the “fast track” protocol at our institution as they would
receive neuromuscular blockade antagonism and be extubated in the operating room at the conclusion of the
case. “Fast track” liver transplantation is defined as extubating in the operating room, bypassing the ICU, and
going directly from the post-anesthesia care unit to the surgical ward.6 We collected the patient’s baseline
characteristics, intraoperative variables, and postoperative variables using our institution’s medical record
system (Epic, Verona, WI). Baseline characteristics included age, sex, weight, body mass index (BMI),
physiologic model for end-stage liver disease (MELD) score on the day of surgery, and liver graft types,
including donation after circulatory death (DCD) or donation after brain death (DBD). Both preoperative
and immediate postoperative laboratory variables were collected, which included international normalized
ratio (INR), aPTT, and creatinine. We also collected blood products transfused in the postoperative day
(POD) 0 to day 1, POD 0-1 respiratory complication, POD 0 PONV status, POD 0-1 need for re-operation
for bleeding, POD 0-7 organ rejection, and the length of stay. PONV status is defined as if the patient needed
rescue antiemetics. POD 0-7 organ rejection was confirmed by biopsy in the first-week post-transplant.

Induction of anesthesia was at the anesthesiologist’s discretion and performed using 1 to 2 ug/kg fentanyl,
0.6 mg/kg rocuronium or 1 mg/kg succinylcholine, and 2 to 2.5 mg/kg propofol. Intraoperatively patient
received rocuronium based on subjective evaluation with a peripheral nerve stimulator (PNS); maintenance of
anesthetic with sevoflurane. All patients were kept normothermic with forced-air warming devices, warming
mattresses, and a fluid warmer. Intraoperative coagulation labs included platelet count (Plts), PT/INR,

3



P
os

te
d

on
A

ut
ho

re
a

22
O

ct
20

21
|T

he
co

py
ri

gh
t

ho
ld

er
is

th
e

au
th

or
/f

un
de

r.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

us
e

w
it

ho
ut

pe
rm

is
si

on
.

|h
tt

ps
:/

/d
oi

.o
rg

/1
0.

22
54

1/
au

.1
63

49
13

81
.1

11
48

57
4/

v1
|T

hi
s

a
pr

ep
ri

nt
an

d
ha

s
no

t
be

en
pe

er
re

vi
ew

ed
.

D
at

a
m

ay
be

pr
el

im
in

ar
y.

aPTT, fibrinogen, and thromboelastography (TEG) were collected post-induction, 10 minutes before and
after the anhepatic phase, 5 minutes before and after the reperfusion phase. Additional labs and TEG were
collected at the discretion of the attending anesthesiologist. Patients received various blood products based
on the lab results with a goal of the following: Hgb 9 to 10 mg/dl, INR 1.5 to 2.0, fibrinogen above 180, Plts
around 100, 000.

The anesthesiologist and the transplant surgeon made the decision to “fast-track” based on their clinical
judgment rather than a defined clinical protocol. At the time of emergence, all patients received either
sugammadex (2-4 mg/kg) or neostigmine (0.03-0.07 mg/kg) based on values obtained from the PNS. All
patients were extubated after the NMBA antagonist was administered, and the anesthesia team felt neuro-
muscular function had been restored based on values from a PNS.

The primary outcomes were POD 0-1 bleeding events (re-operation for bleeding, packed red blood cell
(PRBC) transfusion), and POD 0 values of aPTT and INR. Secondary outcomes were POD 0-1 respiratory
complication, POD 0 PONV, POD 0-7 organ rejection, and length of stay.

Continuous variables were summarized as mean (standard deviation) or median (range), while categorical
variables were reported as frequency (percentage). Continuous baseline and preoperative variables were
compared between the standard and sugammadex groups using the Wilcoxon rank-sum test, and categorical
variables were compared using the Chi-squared test. All tests were two-sided, with an alpha level set at 0.05
for statistical significance. The difference and corresponding 95% confidence intervals (CI) in the continuous
postoperative outcome variables between the two groups were estimated using linear regression models, and
odds ratios and 95% CI in dichotomous outcomes were estimated using logistic regression models.

Results

A total of 241 patients were included in the study, with 135 receiving neostigmine and 106 receiving sugamma-
dex for the reversal of neuromuscular blockade. There was no significant difference between the MELD score
for patients receiving sugammadex or neostigmine (13.7±6.9 vs. 12.3±7.5, p=0.10), respectively. There was
also no difference in the donor process (DCD vs. DBD) between the two groups (P=0.13) (Table 1).

After the completion of liver transplantation, immediate POD 0-1 bleeding requiring transfusion occurred
in 20% of patients in the neostigmine group vs 10.4% in the sugammadex group (difference 0.46% [95% Cl,
0.22% to 0.98%]). POD 0-1 reoperation for bleeding occurred in 1.5% of patients in neostigmine group vs 0%
in sugammadex group (difference 0.25% [95% Cl, 0.01% to 5.35%]). POD 0 mean INR was 2.0±0.4 in both
groups. POD 0 mean aPTT was 45.5±7.9 in neostigmine group vs 49.3±9.0 in sugammadex group (difference
3.8% [95% Cl, 1.65% to 5.94%]). Among secondary outcomes, PONV POD 0 occurred in 32.6% of patients in
neostigmine group vs 29.2% in sugammadex group (difference 0.86% [95% Cl, 0.49% to 1.49%]). Acute organ
rejection occurred in 0.7% patients in neostigmine group vs 1.9% in sugammadex group (difference 2.58%
[95% Cl, 0.23% to 28.81%], p =0.58). Length of stay is similar with mean 7.0±4.6) days in neostigmine group
vs 7.8±5.7) days in sugammadex group (difference 0.87 [95%Cl, -0.44 to 2.17]) (Table 2). The mean differences
and 95% CI displayed were demonstrated in Figure 1. The difference in POD 0 PTT was significantly different
between the two groups.

Discussion

In our review of 241 patients undergoing liver transplantation, we found no statistically significant difference
in postoperative bleeding outcomes in patients reversed with sugammadex vs. neostigmine. Compared with
neostigmine, the use of sugammadex had slightly prolonged aPTT at the immediate postoperative period;
however, it was associated with less risk of postoperative red blood cell transfusion and re-operation. In the
secondary outcomes, acute organ rejection occurred slightly higher in the sugammadex group; however, this
slight increase was not statistically significant. The sugammadex group had less PONV. Both groups had
similar LOS.

Postoperative hemorrhage is one of the broad spectra of liver transplantation complications. Mueller et al.
suggested that the most important risk factors for early postoperative bleeding are severe coagulopathy and
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thrombocytopenia.3 Everson et al. proposed that the most significant bleeding risk is in the setting of both
severe coagulopathy and portal hypertension.7Abnormal coagulation reflected by prolongation of aPTT and
PT are common laboratory findings in these patients. Patients with cirrhosis have been described as having a
rebalanced hemostatic system due to a concurrent reduction in pro- and anti-hemostatic. systems8, 9However,
the hemostatic balance in these patients is more fragile compared to healthy individuals. Both diffuse bleeding
and thrombosis can occur during and after liver transplantation. After liver transplantation, it is presumed
that the hemostatic system normalizes as the liver synthetic function is restored.

Clinical trials in healthy subject and surgical patients reported that sugammadex had transient aPTT and
PTT prolongations.4,10 Based on the information supplemented by the Food and Drug Administration
(FDA), healthy volunteers had increased aPTT and PT/INR up to 1 hour with administration doses up
to 16mg/kg sugammadex.11Dirkmann et al. suggested the effect on coagulation may be explained by the
cyclodextrin molecule binding the phospholipid, and the anticoagulant effects were likely an in vitro arti-
fact observed in commercial phospholipid-dependent assays such as the aPTT.12 Other studies found that
sugammadex does not affect platelet or factor Xa function.13,14 However, the sugammadex effect on post-
operative bleeding is still controversial. Tas et al. reported that sugammadex was associated with a higher
amount of postoperative bleeding than neostigmine after septoplasty in otherwise healthy patients.15

On the contrary, Raft et al. investigated postoperative bleeding in high-risk cancer patients, and they found
sugammadex was not associated with increased postoperative bleeding.16 Moon et al . reported that su-
gammadex is not associated with increased bleeding tendency or morbidity in healthy patients undergoing
living-donor hepatectomy.17 Our study had similar results as sugammadex was not associated with an incre-
ased bleeding profile. In fact, there was no instance of re-operation in the sugammadex group. To the best
of our knowledge, this is the first effort to examine the bleeding risk of sugammadex in deceased donor liver
transplantation.

In the secondary outcomes, the sugammadex group had slightly higher acute organ rejection (0.7% patients
in the neostigmine group vs. 1.9% in the sugammadex group). However, both groups had a much lower acute
organ rejection rate than large cohort studies. (27% in the Adult to Adult Living Donor Liver Transplantation
cohort and 15.6% in the Scientific Registry of Transplant Recipients cohort.18Sugammadex creates a steroid
complex with the aminosteroid neuromuscular blocking agents, and it has been shown to reduce other drugs’
efficacy by encapsulating drugs with similar structures such as oral contraceptive pills.11 Corticosteroids are
a crucial component of immunosuppression therapy in liver transplantation and are administered during the
peri-transplant period to prevent acute organ rejection. Rezonja et al. found the concomitant administration
of high dose dexamethasone diminished the efficiency of sugammadex in the in vitro experiment.19 However,
Rezonja et al. also found that dexamethasone does not diminish sugammadex reversal of neuromuscular
blockade in a clinical study.20Furthermore, Arslantas et al. found no difference in the risk of adverse effects
on short-term graft function in 42 patients who underwent kidney transplantation.21

Our study also showed that the sugammadex group had less PONV, which is consistent with previous work.3
Regarding hospital length of stay, the two groups had small differences: 7.0 days in the neostigmine group
and 7.8 days in the sugammadex group. In a large cohort study, patients reversed with sugammadex had
earlier first postop bowel movement compare to patients reversed with neostigmine22, which potentially could
reduce the hospital length of stay.

There are several limitations to our study. First, the retrospective design of the study is certainly a limiting
factor. Additionally, this data represents outcomes from a single-center, although our institution performs
roughly 150 liver transplantations a year, and there were no significant differences in any of our demogra-
phic variables. Third, temporal factors exist as the neostigmine group was transplanted from 2015 to 2017,
versus the sugammadex group which was transplanted from 2017 to 2018. Surgical techniques and surgeon
experiences may have improved with time and could confound our results. Nevertheless, our study is the
first study to evaluate the sugammadex effect on postoperative bleeding risk in the adult orthotopic liver
transplantation population.
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Conclusion

Our retrospective study results demonstrate that sugammadex is not associated with an increase in post-
operative bleeding events, had less PONV, did not affect the organ rejection rate, and did not affect hospital
length of stay. We provide incremental evidence sugammadex can be considered as an alternative to antago-
nize neuromuscular blockade following orthotopic liver transplantation.
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Tables

Table 1. Patient characteristics and comparison of preoperative variables.

Episodes of Rejection (POD #1-

Age
Mean (SD)
Median
Range

Sex
F
M

Weight
N
Mean (SD)
Median
Range

BMI
Mean (SD)
Median
Range

Graft (DBD or DCD)
DBD
DCD

Physiologic MELD on Day of Surgery
Mean (SD)
Median
Range

Creatinine, mg/dL
Mean (SD)
Median
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Episodes of Rejection (POD #1-

Range
Episodes of Rejection (POD #1- 7) No Yes

Table 2. Differences and 95%CI in outcome variables between groups

Standard (N=135) Sugammadex (N=106) Mean Difference (95%
CI)

POD# 1 PRBC
transfusion

No 108 (80.0%) 95 (89.6%) 0.46 (0.22, 0.98)
Yes 27 (20.0%) 11 (10.4%)
POD #0-1
PRBC Transfu-
sion (units)

Mean (SD) 0.4 (0.9) 0.2 (0.5) -0.23 (-0.43, -0.04)
Median 0.0 0.0
POD #0-1
Re-operation for
Bleeding

No 133 (98.5%) 106 (100.0%) 0.25 (0.01, 5.35)
Yes 2 (1.5%) 0 (0.0%)
Median 1.8 1.9

POD #0 aPTT
Mean (SD) 45.5 (7.9) 49.3 (9.0) 3.80 (1.65, 5.94)
Median 44.1 47.8

LOS
Mean (SD) 7.0 (4.6) 7.8 (5.7) 0.87 (-0.44, 2.17)

Median 5.0 6.0
POD #0 PONV

No 91 (67.4%) 75 (70.8%) 0.86 (0.49, 1.49)
Yes 44 (32.6%) 31 (29.2%)

POD #1-7
Organ Rejection

No 134 (99.3%) 104 (98.1%) 2.58 (0.23, 28.81)
Yes 1 (0.7%) 2 (1.9%)

POD = Postoperative day; SD = Standard Deviation; INR = International normalized ratio; aPTT = Acti-
vated thromboplastin time; PRBC = Packed red blood cell; LOS = Length of stay; PONV = Postoperative
nausea and vomiting.

Figure legend

Figure 1. Forest plot displaying the mean differences in outcome variables between groups
(The mean differences and 95%CI displayed were the estimated coefficients and 95%CI from linear regression
models for continuous outcomes and logistic regression models for categorical outcomes respectively. When
the 95%CI does not include 0, it means the difference in that outcome was significantly different between
the two groups)
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POD#0 PONV, POD 0-1 RBC transfusion, POD 0-1 reoperation for bleeding all favor sugammadex. POD0
PTT favors neostigmine. POD = postoperative day; PONV = postoperative nausea and vomiting; RBC =
red blood cell; PTT= partial thromboplastin time; INR = International normalized ratio.
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