
Introduction

Neuromuscular blocking agents are used during anesthesia 
to facilitate tracheal intubation, artificial ventilation, and surgi-
cal procedures. Reversal agents are often administered to obtain 
a shorter recovery from a neuromuscular block and prevent 
postoperative residual paralysis [1]. Sugammadex reverses 
neuromuscular blockade by specific chemical encapsulation of 
nondepolarizing neuromuscular blocking drugs (rocuronium 
and vecuronium) [1-4]. The notification of this new molecule 
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Background: Notification of sugammadex has been supplemented with a section on hemostasis, including a longer clot-
ting time in the first minutes following injection, without any documented clinical consequences. The objective of this 
observational study was to analyze the effects of sugammadex administration on routine coagulation tests and bleeding 
in the clinical setting.
Methods: After Institutional Review Board approval, a prospective observational study was conducted between January 
and December 2011. Adult patients scheduled for laparotomies were analyzed in groups according to the type of rever-
sal (without sugammadex versus 2 or 4 mg/kg sugammadex). There were no changes in our current clinical practice. 
Blood samples drawn from these patients were standardized at the same time and tested using the same daily calibrated 
machine. The endpoint was a comparison of the activated partial thromboplastin time (aPTT), prothrombin time (PT), 
hemoglobin (Hb) level and hematocrit (Ht), immediately before sugammadex administration (H0) and 1 h after neuro-
muscular block reversal (H1).
Results: One hundred and forty-two patients in three groups were included as follows: 11 in the “without sugammadex” 
group, 64 in the “2 mg/kg sugammadex” group and 67 in the “4 mg/kg sugammadex” group. Results did not differ sig-
nificantly among the groups. 
Conclusions: In this prospective observational study, the use of 2 and 4 mg/kg sugammadex was not associated with a 
longer clotting time or decreased hemoglobin concentrations. Future prospective investigations should study patients re-
ceiving 16 mg/kg sugammadex and/or with abnormal coagulation tests. (Korean J Anesthesiol 2015; 68: 17-21)
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was supplemented with a section on hemostasis, notifying a 
longer clotting time in the first minutes following injection 
without any documented clinical consequences (< 30 minutes). 
In volunteers, doses of 4 mg/kg and 16 mg/kg sugammadex 
prolonged the activated partial thromboplastin time (aPTT) and 
prothrombin time (PT) by 17–22%. Based on a clinical database 
(n = 1,738) and on a specific study on 1,184 patients undergoing 
hip fracture or joint replacement surgery, there was no clinically 
relevant effect of 4 mg/kg sugammadex alone or in combination 
with anticoagulants on the incidence of peri- or post-operative 
bleeding complications. However, these observations have re-
sulted in recommendations on the use of sugammadex in the 
presence of coagulation disorders (pharmacologically induced 
or not). The objective of this study was to analyze the effect of 
sugammadex on routine coagulation tests (aPTT and PT) and 
bleeding (hemoglobin [Hb] and hematocrit [Ht]) in a clinical 
setting. 

Materials and Methods

Patients

Between January and December 2011, a prospective observa-
tional study was conducted at the Cancer Institute of Lorraine in 
Nancy (France) that enrolled patients undergoing open abdomi-
nal cancer surgery. Exclusion criteria were as follows: age < 18 
years, surgery with hyperthermic intraperitoneal chemotherapy, 
perioperative transfusion, pre-existing coagulation disorders 
and anticoagulant or antiaggregant therapy. The study was 
performed according to the declaration of Helsinki. The Institu-
tional Review Board committee was informed and accepted the 
study. There was no change in clinical practice and no random-
ization of the patients. 

Conduct of the study

The reversal agent was administered at the end of the pro-
cedure after surgical hemostasis and wound closure, according 
to the train of four (TOF) count. Neuromuscular block reversal 
was at the discretion of the anesthesiologist in charge of the pa-
tient: 4 mg/kg sugammadex for a deep block (post tetanic count 
[PTC] > 1 and TOF < 2/4, 2 mg/kg sugammadex for a moderate 
block [TOF ≥ 2] or 40 μg/kg neostigmine for a moderate block 
[TOF ≥ 4]). Data collection included age, sex, height, weight, 
body mass index (calculated as weight/height2), American So-
ciety of Anesthesiologists (ASA) score, duration and type of 
surgery, esophagus temperature before and after neuromuscular 
block reversal, surgical reintervention for hemostasis or trans-
fusion in the first 24 hours post procedure. Biological data for 
hemostasis (aPTT and PT) and bleeding (Hb and Ht) were col-

lected at different times as usual in our practice: pre-operative 
anesthetic assessment (PO), immediately before neuromuscular 
block reversal (H0), 1 hour after neuromuscular block reversal 
(H1) and the day after surgery at 6 a.m. (H24). Blood samples 
were collected from a peripheral vein, on an arm or a leg with-
out perfusion. 

Three groups of patients were analyzed according to the type 
of reversal (without sugammadex, 2 mg/kg sugammadex or 4 
mg/kg sugammadex). The primary endpoint of this study was 
comparison of the variations of aPTT, PT, Hb and Ht after the 
injection of sugammadex (H1-H0) among the groups. The same 
parameters were analyzed (H0-PO and H24-H1), respectively, at 
the perioperative dilution and at the first postoperative day.

Biological measurements and calibration

Biological measurements were carried out in the same labora-
tory using the same analyzer at the University Hospital of Nancy. 
Blood samples were obtained using the ACT TPOCTS analyzer 
(Instrumentation Laboratory, Lexington, KY, USA) for a com-
plete blood count and the ADVIA 2120 analyzer (Siemens, Paris, 
France) for hemostasis. Both analyzers were calibrated daily.

Statistical analysis

Statistical analyses were performed using the R software ver-
sion 2.14 (R Foundation for Statistical Computing, Vienna, Aus-
tria). Data were summarized by dose groups. Summary statistics 
(mean ± standard deviation, median) were used to describe con-
tinuous variables, and frequency counts and percentages were 
used for categorical variables. Comparison between continuous 
variables was performed using the Kruskal-Wallis non-paramet-
ric analysis of variance test. Comparison between categorical 
data was performed using Fisher’s exact test. A P value less than 
0.05 was deemed to indicate statistical significance. 

Results

One hundred and forty-two patients were included in this 
prospective observational study: 11 in the “without sugammadex” 
group, 64 in the “2 mg/kg sugammadex” group and 67 in the “4 
mg/kg sugammadex” group. Demographic, type of surgical pro-
cedure, and dose of sugammadex data are presented in Table 1. 
No difference was found in these data, with the exception of age. 
The types of surgery did not differ significantly among the three 
groups. The procedures were as follows: 51% underwent gastro-
intestinal surgery, 40% underwent gynecological procedures, 
and 9% underwent urological procedures. These procedures ac-
counted for the different types of gynecological cancer surgery 
(colpohysterectomy with annexectomy and/or lymphadenec-
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Table 1. Demographic Data

Without Sugammadex
(n = 11)

Sugammadex 2 mg/kg
(n = 64)

Sugammadex 4 mg/kg
(n = 67)

Real dose of sugammadex (mg/kg)
Sex
    Female
    Male
Age (yr)
Height (cm)
Weight (kg)
Body mass index (kg/m2)
ASA score
    1
    2
    3
    4
Type of surgery
    Visceral
    Gynecological
    Urological
Duration of surgery (h)
Esophagus temperature before NMB antagonization

64% (n = 7)
36% (n = 4)

67 (14)*
162 (11)

62 (10)
23 (3)

0
64% (n = 7)
18% (n = 2)
18% (n = 2)

36% (n = 4)
55% (n = 6)

9% (n = 1)
3.8 (1.5)

36.0 (0.4)

2.08 (0.26)

75% (n = 48)
25% (n = 16)

56 (14)*
167 (8)

70 (14)
25 (5)

14% (n = 9)
61% (n = 39)
25% (n = 16)

0

50% (n = 32)
37.5% (n = 24)
12.5% (n = 8)

5.1 (1.9)
36.0 (0.3)

4.14 (0.44)

75% (n = 50)
25% (n = 17)

61 (12)*
165 (8)

68 (13)
25 (4)

6% (n = 4)
59% (n = 39)
31% (n = 21)

4% (n = 3)

55% (n = 37)
40% (n = 27)

4% (n = 3)
5.0 (1.7)

36.0 (0.3)

Data are expressed as means ± standard deviation (SD) or number of patients. NMB: Neuromuscular block, ASA: American Society of Anesthesiologists. 
*P < 0.05.
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Fig. 1. Comparison of parameters before and after sugammadex. H0: control value (just before the neuromuscular block antagonization), H1: 1 hour 
after sugammadex administration, H24: the day after surgery at 6 a.m. (P > 0.05 for the comparison among different groups). Open boxes represent 
the 25th to 75th percentiles and contain the median (horizontal bar) and the mean (black diamond); vertical bars represent 10th and 90th percentiles. 
Hb: hemoglobin, Ht: hematocrit, PT: prothrombin time, aPTT: activated partial thromboplastin time.
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tomy, oophorectomy), urologic surgery (nephrectomy, prosta-
tectomy, cystectomy with or without reconstruction) or visceral 
surgery (bowel resection, liver resection, para-aortic lymphad-
enectomy). In this observational study, there was no injection of 
16 mg/kg sugammadex. In the “without sugammadex” group, all 
11 patients were reversed with neostigmine. All of the patients 
received an injection of enoxaparin (4,000 IU) 6 hours after the 
end of the surgery to prevent thrombotic events.

The three groups “without sugammadex” (n = 11), “2 mg/
kg sugammadex” (n = 64) and “4 mg/kg sugammadex” (n = 
67) were compared. The doses of 2 mg/kg and 4 mg/kg sugam-
madex did not prolong aPTT and PT during the first hour after 
administration (Fig. 1). Additionally, no difference was found 
regarding the hemostasis and bleeding data (Fig. 1). We did not 
find any surgical reinterventions for hemostasis or transfusion 
within the first 24 h post procedure.

Discussion

The results of this prospective observational study did not 
demonstrate any significant difference in aPTT and PT after su-
gammadex at a dose of 2 or 4 mg/kg. 

At our institution, the ratio of aPTT before the potential risk 
of surgical bleeding is 1.2. Subsequently, the normal value of 
aPTT is approximately 30 s, and the patient is considered at risk 
for eventual bleeding when the aPTT is above 36 s. In our study, 
1 h after injection of sugammadex, the mean of the variation in 
the three groups did not exceed the values at risk for surgical 
bleeding. Regarding the other parameters, a value of PT below 
70% could also be responsible for surgical bleeding. Similarly, 
1 h after the injection of sugammadex, the average laboratory 
values in the three groups did not decrease below this level. To 
summarize, the coagulations were within the normal range with 
no risk of potential bleeding due to coagulation disorders. 

Although our patients received a significant amount of intra-
venous fluids perioperatively because of the duration of surgery, 
the coagulation tests were not significantly altered. Concerning 
the central temperature, which could influence coagulation, 
there was no significant difference in temperature among the 
three groups. However, our study has some limitations. Regard-
ing the additional information on sugammadex and hemostasis, 
only high doses (4 and 16 mg/kg) prolonged the aPTT and PT 
by 17–22%. In our study, there was no use of the larger recom-
mended dose of 16 mg/kg. Interestingly, the number of patients 
receiving 4 mg/kg (n = 67) was much higher than that in our 

initial study (n = 20) [5]. It must be highlighted that, in our 
study, the “without sugammadex” group is small (n = 11) com-
pared with the other groups because it is an observational study 
with no change in our clinical practice. The relative weakness of 
our study is that we did not explore the combination with anti-
coagulants or preexisting coagulation disorders, whereas recent 
recommendations on the use of sugammadex highlight a likely 
pharmacodynamic interaction (aPTT and PT prolongation) 
with vitamin K antagonists, unfractionated heparin, low-molec-
ular-weight heparinoids, rivaroxaban and dabigatran. To date, 
routine coagulation tests may not detect a minimal interaction 
or an alteration of the coagulation. Standard coagulation point-
of-care techniques such as thromboelastometry could provide 
more relevant information concerning the effect of sugammadex 
on the clotting time.

Regarding the mechanism by which sugammadex affects 
coagulation tests, data provided from the notification and previ-
ously published data are not sufficiently detailed to elucidate the 
potential contribution of sugammadex to the increase in PT or 
aPTT [5]. In the first study with volunteers, moderate changes 
in coagulation tests were observed; however, it was unclear 
whether some volunteers received sugammadex without a ste-
roidal non-depolarizing muscle relaxant agent (NMBA). More-
over, as previously discussed, several factors may influence PT 
and aPTT during surgery (e.g., the use of plasma expanders [6] 
and central temperature [7-9]), and no information exists on a 
potential influence of plasma dilution. Hypothermia has been 
found to impair the coagulation cascade and to increase blood 
loss and the requirement for transfusion [7,8]. For example, a 
central temperature below 35°C may prolong aPTT by 10% [9]. 
A more recent study demonstrated that sugammadex 4 mg/
kg or 16 mg/kg for rocuronium-induced neuromuscular block 
reversal do not change anti-Xa activity or aPTT to a clinically 
meaningful extent following pretreatment with enoxaparin [10]. 
The conclusion of our study showed the same trend. There was 
no difference among our three groups 24 h after surgery despite 
the injection of enoxaparin 6 h after the end of the surgery.

In conclusion, in this observational prospective study, su-
gammadex at a dose of 2 or 4 mg/kg was not associated with a 
significant increase in clotting time or decreased postoperative 
hemoglobin concentrations. Further studies are needed to ex-
plore the interaction between sugammadex and the coagulation 
system and further prospective investigations should assess pa-
tients receiving higher doses of sugammadex. 
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