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Abstract

Background: Spinal fusion surgery is often associated with heavy bleeding. Labetalol is one of the most effective drugs used to
control bleeding in surgery.
Objectives: Here, we measured the effect of two therapeutic doses of labetalol on the amount of bleeding.
Methods: This is a randomized clinical trial that was performed in 2020-2021 in Al-Zahra hospital in Isfahan, Iran, on patients that
were candidates for posterior spinal fusion surgery under general anesthesia. A total number of 64 patients were entered and ran-
domized into two groups, one receiving labetalol at the dose of 2 mg/min and another group at 4 mg/min during surgery. The
amount of bleeding in patients, heart rate, blood pressure, blood oxygen saturation, hypotension or bradycardia, and the mean
length of stay in the recovery room were measured and compared between the groups.
Results: Extubation time (14± 4) and recovery time (76± 17) were significantly lower in patients that received labetalol (2 mg/min)
compared to another group (21 ± 7 for intubation time and 116 ± 32 for recovery time (P < 0.001 for both items). Patients that
received labetalol (4 mg/min) had significantly lower amounts of hemorrhage compared to other group (P = 0.001), and the sur-
geon’s satisfaction was significantly higher in the second group (P = 0.001). The frequency of hypotension and bradycardia during
the surgery were significantly higher among patients that received labetalol at the dose of 4 mg/min (P = 0.002 and P = 0.001, re-
spectively). The patients in the group labetalol at 4 mg/min had also significantly lower systolic and diastolic blood pressure and
lower mean arterial pressure (MAP) compared to the other group (P < 0.05).
Conclusions: Administration of labetalol at the dose of 4 mg/min had significantly desirable effects on hemodynamics that resulted
in reduced bleeding volume and blood pressures compared to labetalol at the dose of 2 mg/min.
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1. Background

Spinal fusion surgery is often associated with heavy
bleeding. The surgical procedure that causes a permanent
connection between two or more vertebrae is known as
spinal fusion surgery (1). Spinal fusion surgery completely
prevents movement or friction between the two vertebrae,
and is often performed on the lumbar spine, but can also
be used to treat cervical and thoracic spine problems (2, 3).

This surgical procedure is one of the most important
and common neurosurgery procedures. However, at the
same time, like all surgeries, this type of surgery is associ-
ated with some complications, including bleeding at the
operation site, infection, damage to nerve roots, nerve root
tearing, and spinal cord injury (4-7).

Bleeding is sometimes so severe that it requires trans-
fusions of blood and blood products (8). Bleeding can be
troublesome not only in major surgeries, such as correc-
tion of deformities, but also in smaller fusion surgeries (9,
10). Reducing bleeding is important to maintain the pa-
tient’s hemodynamic stability and to create a blood-free
field with good vision for the surgeon (6, 11).

The latter aspect, especially in spinal surgery, is particu-
larly sensitive during times of proximity to important and
very fragile nerve structures (12, 13). The convenience of
the surgeon’s work shortens the duration of the operation,
which in turn reduces the amount of bleeding (14).

Moreover, controlled hypotension is one of the meth-
ods that reduce bleeding from the surgical incision site,
thereby providing technical freedom and better vision for
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the surgeon in terms of performing the operation more
accurately. To control the hypotension, drugs, such as
trimetaphan and pentolinium, vascular wall muscle relax-
ants, such as hydralazine, sodium nitroprusside, and beta-
blockers, including propranolol, can be used (15, 16).

Labetalol is an adrenergic receptor blocking agent,
which has a limited effect on alpha1-adrenergic adrener-
gic receptor and has the predominant effect on the beta-
adrenergic receptor. Labetalol has been used successfully
for other procedures in anesthesia, such as stress induced
by laryngoscopy and intubation. The effect of labetalol be-
gins 2 to 5 minutes after administration and has a half-life
of 5 - 15 minutes (17).

More recently, there has been a tendency to use short
half-life beta-blockers. However, side effects, including a
reduction in seizure duration for electroconvulsive ther-
apy, prolonged cardiovascular depression, and excessive
hypotension have been reported (18, 19).

Labetalol is one of the most effective drugs used to con-
trol bleeding in surgery. Labetalol is a drug that has strong
antihypertensive effects. The mechanism of action of this
drug is antagonizing alpha and beta receptors (20). The
use of this drug to control bleeding during surgery has
been growing (21). However, there is no definitive proto-
col for the dose of labetalol used to control bleeding, and
there is still controversy about the use of this drug.

2. Objectives

Due to the importance of bleeding in spinal cord
surgery and especially vertebral fusion and the need to use
effective techniques and treatments to control bleeding, as
well as the fact that labetalol is known to be an effective
drug in controlling bleeding, we decided to measure the
effect of two different therapeutic doses of labetalol on the
amount of bleeding in lumbar spine fusion surgeries in pa-
tients and compare them in our study.

3. Methods

This is a randomized clinical trial that was performed
in 2020 - 2021 in Al-Zahra hospital affiliated with the Isfa-
han University of Medical Sciences. The current study was
conducted on patients that were candidates for posterior
spinal fusion surgery under general anesthesia.

The age of over 18 years, being candidates for posterior
spinal fusion surgery at 4 levels, American Society of Anes-
thesiologists (ASA) classification equal to 1 or 2, and signing
the written informed consent were the inclusion criteria
in this study. Also, patients with any history of allergies to
labetalol and patients with a history of heart blocks and a

history of lung diseases, such as asthma did not enter the
study

Patients with the following criteria were also excluded:
(1) Reluctance to continue cooperation during the study,
(2) any allergies to the drugs, (3) and changing the method
of surgery and anesthesia.

The study protocol was approved by the Research
Committee of the Isfahan University of Medical Sciences
(IR.MUI.MED.REC. 1399.526). This study was also registered
in the Iranian Registry of Clinical Trials (IRCT) with an iden-
tification registration code of IRCT20160307026950N30.

The required sample size was calculated to be 34 pa-
tients in each group using the sample size estimation for-
mula to compare the means considering the 95% confi-
dence level, 80% test power, the standard deviation of the
mean blood pressure in controlled hypotension, which
was about 1.5 (21), and the effect size of 0.8. Also, the data
collector and the statistical analyst were unaware of the
dose of labetalol injected into the patients. After analyzing
the data, the codes were opened, and comparisons were
made between groups. The sampling method was conve-
nient.

The names of the patients were entered into the SPSS
software and were randomized into two groups. The blind-
ing method was considered, and the patient and the re-
searcher were unaware of the type of injectable drug to
the patients. The drugs were prepared in the same coded
syringes by one of the operating room staff who was not
aware of the study and were given to the researcher for in-
jection.

A total number of 68 patients were entered based on
inclusion criteria and were randomized into two groups.
At the initial examination, vital signs, such as non-invasive
monitoring, including (MAP) mean arterial pressure, sys-
tolic blood pressure (SBP), diastolic blood pressure (DBP),
heart rate (HR), and blood oxygen saturation (SPO2), were
measured and recorded. General patient information, in-
cluding age, sex, type of operation, underlying diseases,
and patients’ weights, were recorded in the data collection
form.

All patients were placed under general anesthesia after
pre-oxygenation and premedication with 0.05 - 0.03 mg/kg
of midazolam, 2 µg/kg of fentanyl, 2 mg/kg of propofol,
and 0.5 mg/kg of atracurium. After induction of anesthe-
sia, patients were intubated and subjected to mechanical
ventilation.

The patient’s head was held at 20 degrees high, and
all surgeries were performed by the same surgeon. Be-
fore surgery, labetalol injection was started if the patient’s
mean blood pressure was above 65 mmHg. Also, to start la-
betalol, the patient’s heart rate must have been above 65
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bpm. The first group consisted of 32 patients for whom
labetalol (Alhavi Pharmaceutical Co. Tehran, Iran) was
started at a dose of 0.25 mg/kg in 10 s, and then, the in-
fusion was continued at 2 mg/min. The second group in-
cluded patients for whom labetalol was started at a dose
of 0.25 mg/kg in 10 s, and then, the infusion continued at 4
mg/min. If the heart rate fell below 50 bpm, the injection of
labetalol was stopped, and if this value fell below 45 bpm,
in addition to stopping labetalol, 0.5 mg of intravenous at-
ropine was injected.

If the MAP fell below 60 mmHg, the injection of la-
betalol was stopped, and if this value fell below 55 mmHg,
in addition to stopping labetalol, 5 mg of intravenous
ephedrine was injected.

The amount of bleeding in patients was measured by
the amount of blood suctioned during the operation, as
well as the number of blood gauzes used. It should be
noted that if the bleeding was not controlled, remifentanil
was used at a dose of 0.01 mcg/kg/min. Each gauze that was
completely soaked in blood was considered to be about 10
ml of blood.

The patient’s HR, BP, and SPO2 were also monitored.
Complications of surgery, such as hypotension or brady-
cardia, mean length of stay in the recovery room, time of
recovery of spontaneous respiration, and drop of oxygen
saturation to less than 90% were also measured and com-
pared in the two groups. Based on the modified Aldrete
score, patients were discharged from recovery with a score
of 9 - 10.

Data related to the patient’s bleeding volume and HR,
BP, and patient’s SPO2 during surgery were collected and
statistically analyzed. The obtained data were entered into
the Statistical Package for Social Sciences (SPSS) version
24. We used an independent t-test and repeated measures
ANOVA to compare data between different time points and
also different groups. A P-value < 0.05 was considered as
the significance level.

4. Results

A total number of 68 patients were entered into the
study and divided into two groups, each containing 34 pa-
tients. Two patients in each group were excluded due to
changes in the surgery method (N = 3) and lack of proper
cooperation (N = 1). The data of 64 patients were analyzed.
The CONSORT flow diagram of patients is shown in Figure
1.

The mean age of patients was 45 years in the first group
that received labetalol at the dose of 2 mg/min and 46 years
in the second group that received labetalol at the dose of
4 mg/min. There were no significant differences between

the two groups of patients regarding age (P = 0.767) and
gender (P = 0.133), but the mean body mass index (BMI) of
patients in the second group was significantly higher than
the first group (26.95 vs. 25.34, P = 0.029).

Also, extubation time (14 ± 4) and recovery time (76
± 17) were significantly lower in patients that received
labetalol at the dose of 2 mg/min compared to another
group (21 ± 7 for extubation time and 116 ± 32 for recov-
ery time (P < 0.001 for both items). Patients in the first
group had also significantly lower amounts of ephedrine
and higher amounts of remifentanil injections (P < 0.001
for both items). Based on our results, patients that received
labetalol at the dose of 4 mg/min had significantly lower
amounts of hemorrhage compared to the group that re-
ceived labetalol at the dose of 2 mg/min (P = 0.001), and
also the surgeon satisfaction was significantly higher in
the second (labetalol at 2 mg/min) group (P = 0.001). These
data are indicated in Table 1.

The frequency of hypotension and bradycardia during
the surgery were significantly higher among patients that
received labetalol at the dose of 4 mg/min (P = 0.002, P =
0.001 respectively). During recovery, the patients that re-
ceived labetalol at the dose of 4 mg/min had significantly
higher frequencies of nausea/vomiting (P = 0.006), total
surgical complications (P < 0.001), and total complica-
tions during recovery (P < 0.001) (Table 2).

The patients in the labetalol (4 mg/min) group had
also significantly lower systolic and diastolic blood pres-
sure and lower MAP compared to the labetalol (2 mg/min)
group (P < 0.05) (Table 3).

5. Discussion

The effects of labetalol on reducing bleeding and other
variables during spinal fusion were investigated in the cur-
rent study. As mentioned earlier, labetalol has a signifi-
cant effect on inducing hypotension leading to a reduction
in the amount of bleeding; however, there is no definitive
protocol for the effective dose of labetalol to control bleed-
ing.

By comparing two distinctive dosages of labetalol, we
showed that the amounts of bleeding and systolic and di-
astolic blood pressures were significantly lower in patients
that received labetalol at the dose of 4 mg/min. We also
showed that the frequency of bradycardia, hypotension,
the duration of recovery, and surgeon satisfaction was sig-
nificantly higher for the group of patients that received la-
betalol at the dose of 4 mg/min. These data support the ef-
fectiveness of labetalol (4 mg/min) in providing more de-
sirable hypotension and reducing bleeding compared to
labetalol at 2 mg/min.
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Figure 1. The CONSORT flow diagram of patients

Previous studies have also evaluated labetalol as an ef-
fective drug in providing hypotension during surgical pro-
cedures. Ortega-Gutierrez, in 2013 assessed the effects of
labetalol infusion at a dose of 4 mg/min and nicardipine
on bleeding volume of patients with intracerebral and sub-
arachnoid hemorrhage. Based on their results, both drugs

caused a significant reduction in blood pressure and bleed-
ing volume, and labetalol at a dose of 4 mg/min could re-
duce bleeding (22). Another clinical trial was performed
in 2020 by Ibrahim et al. on patients that were candidates
of elective supratentorial craniotomy for tumor resection.
They compared the infusion of 0.5 µg/kg/h of dexmedeto-
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Table 1. Demographic Data of the Study Population a

Variable Labetalol (2 mg/min) Labetalol (4 mg/min) P-Value

Age (y) 45 ± 1.40 46 ± 1.36 0.767

BMI (kg/m2) 25.34 ± 4.1 26.95 ± 4.200 0.029

Gender, No. (%) 0.133

Male 14 (43.8) 20 (62.5)

Female 18 (56.3) 12 (37.5)

Extubation time (min) 14 ± 4.110 21 ± 7.140 0.000

Recovery time (min) 76 ± 17.010 116 ± 32.000 0.000

Ephedrine (mg) 1.3 ± 3.430 4.4 ± 3.840 0.000

Remifentanil (mg) 0.1 ± 0.200 0.0 ± 0.020 0.041

Atropine (mg) 0.1 ± 0.320 0.3 ± 0.910 0.751

Hemorrhage volume (ml) 668 ± 260 503 ± 342 0.001

Surgeon satisfaction n (%) 0.001

Yes 17 (53.1) 30 (93.8)

No 4 (12.5) 0

Null 11 (34.4) 2 (6.3)

aValues are expressed as mean ± SD unless otherwise indicated.

Table 2. Comparison of Different Variables During Surgeries and Recovery Between Groups

Variable
Group, No. (%)

P-Value
A B

Hypotension 8 (25.0) 20 (62.5) 0.002

Nausea and vomiting 1 (3.1) 1 (3.1) 1.000

Tachycardia 1 (3.1) 1 (3.1) 1.000

Bradycardia 6 (18.8) 19 (59.4) 0.001

Hypoxia 0 (0.0) 0 (0.0) -

Hypotension recovery 4 (12.5) 7 (21.9) 0.320

N&V recovery 10 (31.3) 21 (65.6) 0.006

Tachycardia recovery 2 (6.3) 2 (6.3) 1.000

Bradycardia recovery 4 (12.5) 5 (15.6) 1.000

Hypoxia recovery 0 (0.0) 0 (0.0) 0.000

Total complications surgery 0.000

0 18 (56.3) 4 (12.5)

1 12 (37.5) 15 (46.9)

2 2 (6.3) 13 (40.6)

Total complications recovery 0.009

0 15 (46.9) 4 (12.5)

1 14 (43.8) 21 (65.6)

2 3 (9.4) 7 (21.9)

midine with equal volume and rate of normal saline 0.9%
(control group). The results of their study showed that
dexmedetomidine infusion without loading dose could be
an efficacious and safe agent in achieving hemodynamic
stability and could reduce bleeding (23). Another study
was conducted by El-Shmaa et al. on patients undergoing
sinus endoscopic surgery. In this report, it was indicated
that the administration of labetalol at 2 - 5 mg/min resulted
in a significant decrease in the amount of bleeding com-
pared to nitroglycerin (24). However, in a study by JN et al.,

dexmedetomidine provided better hemodynamic stability
and operative field visibility compared to labetalol during
functional endoscopic sinus surgery (25). These data are in
line with the findings of our study, showing that the injec-
tion of 4 mg/min of labetalol could be effective in reduc-
ing bleeding during surgical procedures. Another clinical
trial was performed in 2016 by Sajedi et al on patients that
were candidates for sinus endoscopy and compared the
infusion of labetalol (2 mg/min) with remifentanil (0.25 -
0.5 µg/kg/min). The results of their study showed that the
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Table 3. Comparison of Systolic, Diastolic, and Mean Blood Pressure Between Patients

Variable
Group

Z4 P-Value** Total P-Value***
A B

SBP (mmHg) 0.000

Basal 131 ± 14* 130 ± 13 -0.141 0.888

Before infusion 131 ± 11 127 ± 11 -1.512 0.130

After infusion 115 ± 10 118 ± 11 -1.151 0.250

1st 15 minute 109 ± 10 111 ± 10 -1.056 0.291

2nd 15 minute 110 ± 11 107 ± 10 -1.291 0.197

3rd 15 minute 109 ± 8 102 ± 9 -2.55 0.011

4th 15 minute 111 ± 12 101 ± 10 -3.051 0.002

5th 15 minute 111 ± 15 102 ± 10 -2.533 0.011

6th 15 minute 113 ± 13 101 ± 11 -3.575 0.000

7th 15 minute 112 ± 13 101 ± 13 -3.036 0.002

8th 15 minute 113 ± 13 102 ± 13 -2.984 0.003

P-value*** 0.000 0.000

DBP (mmHg) 0.028

Basal 85 ± 13 88 ± 11 -1.317 0.188

Before infusion 90 ± 22 87 ± 12 -0.108 0.914

After infusion 76 ± 12 79 ± 11 -1.164 0.244

1st 15 minute 69 ± 8 71 ± 9 -1.009 0.313

2nd 15 minute 69 ± 7 68 ± 11 -0.283 0.777

3rd 15 minute 69 ± 9 66 ± 9 -1.474 0.140

4th 15 minute 69 ± 10 65 ± 9 -1.741 0.082

5th 15 minute 70 ± 13 66 ± 9 -1.096 0.273

6th 15 minute 73 ± 12 65 ± 10 -2.306 0.021

7th 15 minute 71 ± 11 66 ± 11 -1.391 0.164

8th 15 minute 72 ± 11 67 ± 10 -1.365 0.172

P-value 0.000 0.000

MAP (mmHg) 0.015

Before infusion 101 ± 12 101 ± 11 -0.094 0.925

After infusion 90 ± 11 93 ± 11 -1.082 0.279

1st 15 minute 83 ± 9 87 ± 10 -1.654 0.098

2nd 15 minute 84 ± 7 83 ± 10 -0.437 0.662

3rd 15 minute 83 ± 8 81 ± 10 -0.364 0.716

4th 15 minute 85 ± 10 80 ± 11 -1.257 0.209

5th 15 minute 84 ± 13 81 ± 10 -0.732 0.464

6th 15 minute 88 ± 11 80 ± 12 -2.312 0.021

7th 15 minute 86 ± 11 81 ± 11 -1.317 0.188

8th 15 minute 86 ± 11 83 ± 11 -0.854 0.393

P-value 0.000 0.000

mean bleeding volume and the frequency of side effects
were higher in the labetalol group (26). These can be in-
dicative of the effectiveness of labetalol (2 mg/min) in re-
ducing bleeding volume.

Based on our results, the administration of labetalol (4
mg/min) resulted in a reduction in blood pressures, brady-
cardia, and hypotension during surgical procedures com-
pared to labetalol (2 mg/min). Attari et al. assessed pa-
tients undergoing craniotomy and showed that the admin-
istration of high-dose labetalol (4 mg/min) could result in
a significant decrease in systolic and diastolic blood pres-

sure and as a result, mean arterial blood pressure com-
pared to labetalol at lower doses (27). Hecht and Richards
showed that compared to nicardipine, the administration
of labetalol (4 mg/min) caused significantly more brady-
cardia that required special care during surgical proce-
dures (28). The frequency of hypotension was also indi-
cated to be higher in patients treated with higher dosages
of labetalol (28).

Based on our data, no significant differences were ob-
served between groups of patients regarding the amount
of pain and decreased oxygen saturation. Hoskins de-
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clared that labetalol was highly effective in reducing bleed-
ing and blood pressure, but it had no significant effects on
pain and other variables (29).

An important point of the current study was a sig-
nificant increase in the surgeon satisfaction and recovery
duration in patients that received labetalol at a dose of
4 mg/min. Ghodraty et al. compared the effects of la-
betalol at (4 mg/min) and nitroglycerine (1 mcg/kg/min) in
patients undergoing rhinoplasty. This study showed that
higher dosages of labetalol could reduce the bleeding vol-
ume during the surgical procedure leading to providing
a better visual field for the surgeon and, as a result, in-
creased surgeon satisfaction (30). On the other hand, Ha-
davi et al. reported shorter recovery durations for patients
that were treated with labetalol (2 mg/min) compared to
recovery duration with nitroglycerine (21). We believe that
this observation can be due to a significant reduction in
blood pressures in patients treated with higher doses of la-
betalol. Patients that received labetalol (4 mg/min) had sig-
nificantly lower blood pressure compared to labetalol (2
mg/min); therefore, they required prolonged post-surgical
care in the recovery room.

To date, no study has compared two different doses of
labetalol, and this is the first clinical trial that compared
the effects of labetalol at the doses of 2 mg/min and 4
mg/min on hemodynamic variables in patients.

5.1. Limitations

The sample size of our study was small; therefore, fur-
ther studies are required for comparing different doses of
labetalol and determining other adverse effects.

5.2. Conclusions

Overall, we showed that the administration of la-
betalol (4 mg/min) was significantly more effective on
hemodynamics that resulted in reduced bleeding volume
and blood pressures compared to labetalol at a dose of 2
mg/min. By comparison of various factors between these
two dosages, we recommend that labetalol at a dose of 4
mg/min should be used in major surgical procedures that
are associated with possible high bleeding volume in order
to reduce the bleeding volume and increase surgeon satis-
faction. These data were in line with previous studies.
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