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Abstract

Objective Our objective was to evaluate the efficacy and

safety of Batroxobin on blood loss during spinal

operations.

Methods After obtaining approval from the ethics com-

mittee at the hospital along with informed written con-

sent, we performed a double-blind, randomized, placebo-

controlled study with 100 patients who were randomized

equally into 2 groups (Batroxobin and placebo). Patients

received either 2 ku IV 15 min before surgery and fol-

lowed 1 ku IM of Batroxobin following surgery, or an

equivalent volume of placebo (normal saline). Cost of

Batroxobin treatment is amounted to 84.75 euros. The

primary outcomes were intraoperative, 24 h postoperative,

and total perioperative blood loss. Secondary outcomes

were hemoglobin (Hb), red blood cell count (RBC), the

volume of blood/fluid transfusion intraoperatively, and

24 h postoperatively. Safety evaluation parameters were

the incidence of venous thrombosis in the lower ex-

tremities, active partial thromboplastin time, prothrombin

time, thrombin time, and fibrinogen. The data were ana-

lyzed using the Statistical Package for the Social Science

Version 12.0. The results were presented as mean ± -

SEM. The Mann–Whitney test and Independent Student

t test, when appropriate, were used to compare the 2

groups, and differences were considered significant if the

P value was \0.05.

Results 88 patients were included in the analysis while 12

patients were withdrawn from the study due to extended

surgical duration, change of surgical procedure, or after the

patients’ request. The total perioperative blood loss was

approximately 31 % lower in patients given Batroxobin

versus placebo (700.5 ± 45.81 vs 485.7 ± 30.01 mL,

P = 0.001). The Batroxobin group had significantly less

intraoperative blood loss (326.1 ± 24.16) compared to the

placebo group (556.0 ± 43.58), but there was no differ-

ence in the amount of blood/fluid transfused, postop-

eratively Hb, or RBC between the two groups. After the

operation, coagulation parameters were not significantly

different between the 2 groups at the days 1 or 3 postop-

eratively. No adverse events related to the use of Batrox-

obin were recorded. There were no cases of superficial

wound infection. None of the subjects died during the

study.

Conclusions In this study, prophylactic use of Batroxobin

provided an effective and cheap method for reducing blood

loss without coagulopathy during or after operations. The

use of Batroxobin for patients undergoing one-level PLIF

surgery safely and effectively reduced the total amount of

perioperative blood loss.
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Introduction

Surgical procedures lead inevitably to bleeding. Blood loss

during spinal operations can be excessive; this may exceed

the patient’s total blood volume, especially in spinal fusion

[23] and deformity correction [13]. Decompression, in-

strumentation, correction, and fusion procedures may re-

quire considerable time and large wound surfaces. Dealing

with branches of segmental blood vessels, cancellous bone,

with its rich blood supply, and the internal vertebral venous

plexuses are often associated with significant perioperative

blood loss. In the end, complicated anatomical relation-

ships, bone proliferation, and osseous variations may ob-

scure the surgical goal by either increasing the risk of

bleeding or requiring additional operative time.

Large blood loss can lead to multiple deleterious con-

sequences, such as multiple blood component transfusions

with their inherent risks (blood-borne disease transmission,

increased incidence of wound infections, haemolytic/non-

hemolytic transfusion reactions, and monetary expense),

fluid shifts with concomitant pulmonary and/or cerebral

edema, coagulation disorders, and the development of a

shock-like state [8, 16, 17, 19]. Therefore, multiple sug-

gestions have been proposed to reduce blood loss in spinal

operations, including surgical technique, operative time,

number of vertebral levels fused, anesthetics, mean arterial

blood pressure, and hemostatic agents.

Batroxobin(s) are hemostatic agents refined and purified

from Bothrops atrox moojeni venom, and act as a throm-

bin-like enzyme in the mechanism of blood coagulation [5,

20]. In contrast to thrombin, Batroxobin is only involved in

the conversion of fibrinogen and does not affect other co-

agulation factors or cells [5]. Therefore, its hemostatic ef-

fect occurs only at the point of injury, avoiding large-scale

intravascular coagulation [5]. However, few studies have

reported the safety and efficacy of Batroxobin in spinal

surgery. Therefore, our aim in this study was to evaluate

the effectiveness of Batroxobin objectively in reducing

blood loss in patients undergoing spine fusion surgery.

Additionally, we observed the appearance or absence of

perioperative complications associated with the use of

Batroxobin.

Materials and methods

Trial design

This trial was a prospective, randomized, double-blind,

placebo-controlled study that enrolled 100 patients from

June 2011 to December 2013. Inclusion criteria were pa-

tients undergoing one-level posterior lumbar interbody fu-

sion (PLIF) surgery for degenerative lumbar disease. Ages

ranged from 18 to 70 years. The protocol and amendments

were approved by the ethics committee at the hospital, and

written informed consent was provided by all patients before

any study-related procedures were performed. Sample size

and power: the main outcome measure was perioperative

blood loss, a total of 26 patients (13 patients in each group)

are needed to achieve 80 % power at two-sided 5 % sig-

nificance level. Patients were not included if they had sig-

nificant chronic diseases, coagulopathy, or liver and/or

kidney dysfunction. Also, patients were excluded if the

duration of their surgery was extended past 5 h or if a

cerebrospinal fluid fistula occurred during the operation.

Patients were randomized into two equal groups by means of

a sealed envelope method (on the basis of a block-ran-

domized computer-generated list), and the randomization

code was kept unknown to any of the investigators until the

study was complete. The drug or placebo solution was

drawn into a syringe by a nurse not participating in the study

and was delivered to the investigator who was unaware of

the content. The saline and Batroxobin solutions appeared

transparent and completely identical at the time the syringes

were given to the investigator. Thus, the patients, the anes-

thesiologist, the surgeon, and the study observer were all

blinded with respect to the study group. Patients received

either 2 ku IV in 15 min before the surgical incision is made

and followed 1 ku IM at the time of wound closure of Ba-

troxobin or an equivalent volume of placebo (normal saline).

The price for Batroxobin medication is 28.25 euros per ku,

overall cost of Batroxobin medication for each patient is

84.75 euros.

Anesthetic technique

All patients received the same general anesthesia. Induc-

tion of anesthesia was carried out using intravenous drugs

(propofol 3–4 mg/kg, fentanyl 1 lg/kg, and atracurium

0.5 mg/kg, as muscle relaxant) with tracheal intubation and

assisted nitrogen dioxide and oxygen ventilation at a ratio

of 2:1. After intubation, anesthesia was maintained with

inhalation of 1 MAC sevoflurane in a mixture of air and

50 % oxygen. Atracurium and fentanyl were given during

the procedure when required. Patients were monitored as

per our standard procedure, and the mean arterial blood

pressure was maintained between 60 and 70 mm Hg during

surgery. Blood was transfused during surgery and post

operation if hemoglobin levels dropped (below 9 g/L or

hematocrit 27 %) with a decreasing trend. No coagulant

was used postoperatively.

Study objectives

The patient’s data sheet recorded the demographic data,

patient’s weight, past medical history, comorbid conditions,
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current medications, current surgical diagnosis, operation to

be performed, and preoperative laboratory workup, includ-

ing complete blood count, clotting profile, renal, and liver

function tests. It also included accurate calculation of blood

loss during and after surgery. The amount of intraoperative

blood loss was accurately calculated by measuring blood

collected by drain and suction canisters, weighing the swabs,

and subtracting all irrigation fluids used during surgery.

After surgery, the amount of drainage collected through self-

suction devices was accurately calculated and recorded. The

amount of fluid, blood, packed red blood cells, and its

substitutes which were transfused during and after surgery

were also documented.

The primary outcomes were intraoperative, 24 h post-

operative, and total perioperative blood loss (determined

from combining the intraoperative and postoperative blood

loss). Secondary outcomes were hemoglobin (Hb), red

blood cell count (RBC), the volume of blood transfusion

and fluid transfusion intraoperatively and 24 h postop-

eratively. Safety evaluation parameters were the incidence

of venous thrombosis of the lower extremities, active

partial thromboplastin time (APTT), prothrombin time

(FT), thrombin time (TT), platelet count (PLT), and fib-

rinogen (FIB) after the first 24 h and 3rd day postop-

eratively. We examined any complications occurring

within the first 12 weeks after surgery.

For statistical analyses, we used the Fisher exact, v2,

Mann–Whitney test and t tests, when appropriate, using

Statistical Package for the Social Science Version 12.0.

The blood loss and volume of transfusion intraoperatively

and 24 h postoperatively were analyzed for intergroup

comparison. In addition, 24-h and 3-day laboratory results

were specifically analyzed for intergroup differences. The

results were presented as mean ± SEM. P \ 0.05 was

considered statistically significant.

Results

From June 2011 to December 2013, 100 patients were

randomized. A total of 88 patients were available for

analysis (Table 1); 12 patients (4 in Batroxobin group, 8 in

placebo group) were excluded from the study. There were

46 patients in the Batroxobin group and 42 patients in the

placebo group (Table 1). Baseline characteristics (age, sex,

height, weight, HB, RBC, WBC, APTT, TT, ALP, FT, and

FIB) were similar between treatment groups (Table 2).

Primary outcome measures

The Batroxobin group had significantly less intraoperative

blood loss (326.1 ± 24.16 ml) compared to the placebo

group (556.0 ± 43.58 ml) (Table 2), although there were

no differences in the amount of postoperative blood loss

during the first 24 h between the Batroxobin

(166.8 ± 13.50 ml) and placebo groups (159.7 ±

14.38 ml) (Table 2). The Batroxobin group (485.7 ±

30.01 ml) continued to have significantly less total blood

loss (intraoperative plus postoperative blood loss) than the

placebo group (700.5 ± 45.81 ml).

Secondary outcome measures

The mean amount of intraoperative transfused autologous

blood was 28.04 ± 13.89 ml in the Batroxobin group

compared with 50.24 ± 24.47 ml in the control group

(Table 2), which was not statistically significant

(P = 0.6224). The volume of blood transfusion used dur-

ing first 24 h postoperatively was similar (8.696 ± 8.696

vs 31.19 ± 26.16 ml, P = 0.5150).

For the volume of fluid transfusion, a significant dif-

ference between the Batroxobin and placebo group during

operation or the first 24 h postoperative was not observed

(Table 2). There were no significant differences between

the 2 groups in Hb or RBC on days 1 or 3 postoperatively

(Table 3).

Safety evaluation parameters

After the operation, coagulation parameters were not sig-

nificantly different between the 2 groups at the days 1 or 3

postoperatively (Table 3). There were no intraoperative

complications in either of the 2 groups. None of the pa-

tients experienced seizures, myocardial infarction (MI),

Table 1 Demographics Batroxobin group Control group P value

Number of patients 46 42

Contingency of patient number 4 8 0.7558

Sex (M/F) 22/24 21/21 0.8385

Weight (kg) 66.59 ± 1.392 67.25 ± 1.618 0.7585

Height (cm) 168.0 ± 1.096 166.5 ± 1.054 0.3569

Age 47.76 ± 1.683 45.17 ± 1.831 0.3

Allergies 2 0 0.1716
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deep venous thrombosis (DVT), or pulmonary embolus

during their postoperative period. No adverse events re-

lated to the use of Batroxobin were recorded. No cases of

superficial wound infection were recorded. No patients

died during the study.

Discussion

The main finding of this study was that the application of

Batroxobin significantly reduced intraoperative blood loss

and total blood loss in one-level PLIF surgery. Patients

treated with Batroxobin also had higher, although not sta-

tistically significant, Hb and RBC levels on 1st and 3rd day

postoperatively. The Batroxobin group had lower volume

of blood transfusion during their intraoperative and 24 h

postoperative procedures than patients receiving the

placebo treatment without statistically significant. The use

of Batroxobin did not affect the parameters of coagulation,

including APTT, PT, TT, FIB and PLT at day 1 or 3

postoperatively. In our study, no complications associated

with the administration of Batroxobin (e.g. medication/al-

lergic reaction, MI, DVT, stroke, renal failure, or pul-

monary embolism) were observed during the follow-up.

During spinal fusion surgery, decompression, instru-

mentation, correction and fusion procedures require con-

siderable time and large wound surfaces, which can lead to

enormous blood loss and transfusion requirement. Fur-

thermore, there are various disadvantages for hemostasis

that either increase the risk of bleeding or require addi-

tional operative time in spinal surgery, such as particular

spinal anatomical structure, spongy vertebrae with its rich

blood supply, and the fragile venous plexus wall that

cannot self-contract after injury. In addition, the use of

effective hemostasis methods (local pressure, blood vessels

ligation, and hot coagulation) are restricted, so surgeons

rely more on local coagulation than on traditional mea-

sures. Thus, a safe and effective intervention to reduce the

number of blood loss to these patients during and imme-

diately following surgery is required.

During local coagulation, hemostasis is achieved with

the formation of blood clots, which are lodged in the injury

site by a fibrin network. Fibrin network formation is trig-

gered by thrombin as fibrinogen is converted to fibrin.

Initially this formation is not stable, but coagulation factor

XIII activated by thrombin stimulates the polymerization

of fibrin which forms cross-linking networks [5, 22]. Ba-

troxobin, a thrombin-like enzyme with fibrinogen clotting

activity, is refined and purified from the Bothrops atrox

venom. Alone, Batroxobin is not toxic and does not affect

cells or other blood coagulation factors [5, 18]. Batroxobin

only affect split-off fibrinopeptide A chains which in turn

promotes blood fibrin monomer conversion and induces the

formation of component FX particles on the surface of

phospholipid under the condition that the injured vascular

points release platelets factor III [20]. In You et al. [26],

both the results of the fibrinogen clotting assay and the

whole blood clotting assay showed that the addition of

Batroxobin can accelerate fibrinogen formation. The results

of the mouse liver model showed the fibrin formed by

Batroxobin promoted large amounts of blood clots formed

through the entrapment of erythrocytes, and the amount of

total blood loss significantly decreased. Consequently,

cross-linking fibrin is formed by Batroxobin, and its he-

mostatic effect occurs only at the point of injury and does

not affect other coagulation factors and cells, avoiding

large-scale intravascular coagulation [5]. Sugai et al. [21]

determined that the half-life of Batroxobin in the plasma

Table 2 Blood loss, transfused

autologous blood and fluid data

during perioperation

Group Blood loss (ml) Infusions (blood in ml) Infusions (crystalloids in ml)

Intra operation

Batroxobin group 326.1 ± 24.16 28.04 ± 13.89 2366 ± 84.61

Control group 556.0 ± 43.58 50.24 ± 24.47 2427 ± 74.12

F

P value \0.0001 0.6224 0.5886

Postop 24 h

Batroxobin group 166.8 ± 13.50 8.696 ± 8.696 2882 ± 91.85

Control group 159.7 ± 14.38 31.19 ± 26.16 2667 ± 99.44

F 8.263

P value 0.7206 0.515 0.1162

Total

Batroxobin group 485.7 ± 30.01 36.74 ± 20.31 5248 ± 129.0

Control group 700.5 ± 45.81 81.43 ± 46.74 5094 ± 124.1

F 2.128 4.838

P value 0.0001 0.3927 0.4349
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was 6 h in human. Intraoperative administration of Ba-

troxobin can ensure the effective plasma concentrations

during operation and within 6 h postoperatively in our

study, meanwhile, avoided hypercoagulable activity after

spinal surgery. The properties of Batroxobin may provide

therapeutic advantages.

Xu et al. [24] found that Batroxobin could markedly

reduce the blood loss and transfusion requirements in

adolescent idiopathic scoliosis surgery. The blood loss in

the Batroxobin group decreased by 35.3 % compared with

Placebo group. Additionally, the amount of allogeneic

blood transfusion of group Batroxobin was comparably

reduced by 57.6 % compared to group Placebo. Overall

drainage of the Batroxobin group decreased by 23.0 %

compared with the placebo group. The FFP of the Ba-

troxobin group was reduced by 63.4 % as compared with

the placebo group. Liu et al. found that Batroxobin could

reduce the bleeding (1138 ± 121–806 ± 84 ml), transfu-

sion volume (3.0 ± 0.5–1.7 ± 0.4 U) and drainage volume

(172 ± 28–98 ± 16 ml) 24 h after surgery in spinal op-

eration (include cervical, tumor, and fracture) with en-

hanced coagulation function. Zeng et al. [27] performed

meta-analyses to evaluate the effect of Batroxobin agents

on perioperative hemorrhage in thoracic surgery, and

concluded there are lots of disadvantages in trials that were

included in meta-analyses. First of all, methodological

qualities of all trials were poor, and several bias factors

existed. None of these trials reported sample size calcula-

tion and specified allocation concealment. Secondly, the

meta-analyses only included two trials that had reported

intraoperative blood loss. In addition, in the only two trials,

data are a bit unclear. Thirdly, there were potential for

measurement bias because blinding outcome assessment

was not applied in these trials. Therefore, there is not

enough evidence to draw a positive conclusion of hemo-

static effect of Batroxobin in thoracic surgery; although

mean differences between Batroxobin and no Batroxobin

groups were statistically significant. Spinal surgery has its

own characteristics, for example, there are various disad-

vantages for hemostasis that increase the risk of bleeding in

spinal surgery (as mentioned above). In addition, antico-

agulant (Heparin and Protamine Sulfate) [4, 15] must be

used in thoracic surgery, but anticoagulant is not necessary

in spinal surgery. Before any conclusions can be drawn it is

necessary to look closely at the hemostatic effect of Ba-

troxobin in spinal surgery. So, we performed a double-

blind, randomized, placebo-controlled study to evaluate the

effect of Batroxobin on perioperative hemorrhage in spinal

surgery.

Our results are similar to those found by previous

studies. Intraoperative administration of Batroxobin

minimized the total blood loss to 485.7 ± 30.01 ml de-

creasing by 30.5 % compared to the control groupT
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700.5 ± 45.81 ml under the given conditions of this study.

Further analysis found that blood loss during operation on

the Batroxobin group (326.1 ± 24.16 ml) decreased by

41.4 % compared to the control group (556.0 ± 43.58), but

the blood loss during the first 24 h after operation did not

show any significant difference. Therefore, Batroxobin

may decrease the amount of total blood loss mainly by

reducing the intraoperative bleeding. In contrast to previ-

ous reports in our study, the volume of autologous blood

transfusion in the Batroxobin group was lower than the

placebo group during operation and the first 24 h postop-

erative. This difference was not found to be significant.

Also, we were unable to find significant differences be-

tween the 2 groups with regards to Hb and RBC levels on

days 1 or 3 postoperatively.

Tranexamic acid (TXA), a synthetic antifibrinolytic

agent, is one of the most common hemostatics used to deal

with hemorrhage by retarding fibrinolysis and blood clot

degradation [12]. TXA has been successfully applied to

treat major hemorrhaging in different types of operations,

including spinal surgery [1, 2, 6, 7, 11, 28]. Elwatidy et al.

[12] reported a significant reduction in blood loss in patients

who were administered TXA during spinal surgery. In that

study, blood loss during surgery was reduced by 48 % with

the use of TXA. The amount of blood and fluids collected

from wound drains was 55 % less in patients who received

TXA, and the total amount of blood loss was less by 49 % in

the TXA group. Consequently, the amount of blood trans-

fusion used to treat patients in the TXA group was 80 % less

than in the placebo group. There were also significant dif-

ferences in the postoperative Hb and HCT values of patients

in both groups. There were no hemodynamic disturbances,

apparent thromboembolic complications, or other drug

complications associated with its use. Yagi et al. [25] re-

ported, during posterior spinal fusion for the treatment of

idiopathic scoliosis in adolescents, that the TXA group had

significantly less intraoperative blood loss (613 ± 195 mL)

than the control group (1079 ± 421 mL; P \ 0.001)

as well as postoperative blood loss (155 ± 86 and

263 ± 105 mL, respectively; P \ 0.001). The TXA

group received significantly less blood during the surgical

procedure than the control group (258 ± 246 and

377 ± 200 mL, respectively; P \ 0.001). There were no

major intraoperative complications for any of the treatment

groups. Whereas, Baldus et al. [3] reported no advantage of

TXA administration for blood loss during lumbar pedicle

subtraction osteotomy (PSO) surgery (10 patients,

1838 ± 1096 mL vs 10 patients 1502 ± 1241 mL). The

differences between these studies involve (1) the dose of

TXA and (2) the type of surgery. As reported in a meta-

analysis, TXA could mitigate hemorrhage from 25.5 to

49.2 % compared to the placebo group [2]. According to the

aforementioned data, the reduction of blood loss due to

treatment with Batroxobin in our study approximated to that

of TXA. This might indicate that the hemostatic efficacy of

these two styptics is similar.

Anticoagulant (Heparin and Protamine Sulfate) must be

used in thoracic surgery, but the utility and safety of anti-

coagulant following spinal surgery is controversial. Some

study showed [10, 14] that most commonly performed spine

surgeries done through a posterior approach are associated

with a very low risk of VTE. Meanwhile, anticoagulant [9] is

accompanied by a definable risk of serious wound and

bleeding complications. Anticoagulant may be used only for

long and complex spinal surgeries, such as anterior–posterior

(circumferential) spinal surgery, and in patients with known

thromboembolic risk factors, such as multiple trauma, ma-

lignancy, paralysis, spinal cord injury, malignancy, or hy-

percoagulable state. So, using anticoagulant should be

considered carefully and on an individual case-by-case basis

in spinal surgery. In our study, routine one-level PLIF sur-

gery did not cause thromboembolic risk. In addition, Ba-

troxobin is only involved in the conversion of fibrinogen and

does not cause blood hypercoagulation. Thus, no antico-

agulant was used postoperatively during study.

Currently, the research on the effect of hemostatics

during spinal operations is mainly concentrated in scoliosis

surgery. Other studies focus on the cervical, tumor, frac-

ture, and lumbar PSO surgery. The results of these studies

indicate that the average intraoperative hemorrhage about

more than 1500 ml and hemostatic drugs can significantly

reduce the amount of bleeding and blood transfusion. In all

of the reports mentioned earlier, patients were treated by

different types or different levels of the surgery. The

strength of our study is the consistency of our patients’

pathology and treatment. This study enrolled a series of

patients with lumbar degenerative disease having one-level

PLIF surgery performed by three experienced surgeons at

single institution. Batroxobin decreased the perioperative

bleeding by 30.5 % (approximately 215 ml) compared to

the control group (700.5 ± 45.81 ml), but the difference

did not lead to the difference on blood transfusion, Hb, and

RBC in our study. One-level PLIF surgery alone was

chosen in our study due to the following: Firstly, one-level

PLIF surgery is the most common spinal fusion surgery;

secondly, performing a single type of surgical procedure

increases the comparability between groups; lastly, the

perioperative bleeding is moderate during one-level PLIF

surgery leading to a more stable drug concentration in the

bloodstream that are required for curative effect analysis.

Conclusions

In this study, the use of Batroxobin for patients undergoing

one-level PLIF surgery was found to be both effective and
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safe. It significantly reduced the total amount of periop-

erative blood loss without increased incidence of co-

agulopathy. Meanwhile, no DVT or side effects were

detected. Due to the limited number of patients in this

study, our results need further validation on a larger

number of patients. We are currently planning a prospec-

tive, randomized, double-blind, multicenter study to de-

termine the safety and efficacy of Batroxobin used during

major spinal surgery. This multicenter prospective com-

parative analysis will provide additional information about

the efficacy and safety of Batroxobin and other

hemostatics.
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