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Abstract 

Background:  Maintenance of adequate peripheral perfusion during controlled hypotension is necessary for patient 
safety and improved surgical outcomes during controlled hypotension in nasal surgery. The hypothesis of this study 
was to investigate the effect of perioperative magnesium sulfate and labetalol infusion on peripheral perfusion and 
postoperative pain in patients undergoing nasal surgery.

Methods:  A total of 50 patients were randomly assigned into two equal groups in this double-blind clinical study: 
the magnesium sulfate group; received 40 mg/kg loading dose of intravenous (IV) magnesium sulfate followed by 
10–15 mg/kg/h continuous IV infusion and the labetalol group; received 0.25 mg/kg loading dose of IV labetalol fol-
lowed by 0.5–1 mg/kg/h continuous IV infusion to achieve a mean arterial blood pressure (MABP) of = 55–65 mmHg. 
The primary outcome was to compare the effect of perioperative magnesium sulfate and labetalol infusion on 
peripheral perfusion during nasal surgery. The secondary outcomes were the assessment of serum lactate, postopera-
tive pain, time to the first call for pethidine (rescue analgesic) and total pethidine consumption.

Results:  PPI was comparable between the groups at baseline, intubation, and 5 min. In contrast, magnesium sulfate 
group had a significantly higher PPI than the labetalol group. The magnesium sulfate group had a significantly higher 
MABP and heart rate compared to labetalol group. The time to reach the target MABP was significantly prolonged in 
magnesium sulfate than the labetalol group [21.6 ± 1.7 vs 6.9 ± 1.5] min. VAS scores were significantly lower for 2 hs 
postoperatively in the magnesium sulfate group than the labetalol group. The time to first call of pethidine was sig-
nificantly prolonged in the magnesium sulfate group compared to the labetalol group [113.1 ± 5.2 vs 28.2 ± 1.5] min.

Conclusions:  Magnesium sulfate maintains wider PPI and offers better postoperative pain relief compared to 
labetalol during induced hypotension in nasal surgery.

Trial registration:  Institutional review board approval (ref: 6601/20–12-2020).

Clinicaltrial.gov (ref: NCT04​688203, date of registration: 29 -12–2020).

Keywords:  Peripheral perfusion index, Magnesium sulfate, Labetalol, Postoperative Pain, Induced hypotension, Nasal 
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Background
Impaired peripheral perfusion and consequent vital 
organ ischemia are considered major threats to hypoten-
sion [1]. Achieving a target mean arterial blood pressure 
of 55–65 mmHg during surgery is adequate to produce a 
bloodless surgical field, but may not be sufficient for ade-
quate oxygen supply to various organs [1, 2].

As monitoring of perfusion to vital organs is compli-
cated and invasive, monitoring of peripheral perfusion of 
non-vital organs such as the skin is sufficient [3]. Moreo-
ver, measurement of the peripheral perfusion index (PPI) 
by pulse oximetry is a simple, beneficial, and noninvasive 
method [4].

PPI is the ratio of infrared pulsatile signals to the 
non-pulsatile signals and is expressed as a percentage. 
The normal values range from 0.02% to 20%. Maintain-
ing PPI at optimal levels during surgery leads to quicker 
and smoother recovery of the patients, with fewer post-
operative complications and better surgical outcomes 
[5, 6]. Additionally, effective treatment of pain after 
nasal surgery enhances recovery and improves surgical 
outcomes [7].

Magnesium sulfate is a reliable drug that induces hypo-
tension, and its analgesic effect has been studied in many 
literatures over the last few decades by antagonizing the 
N-methyl-D aspartate receptor [8–10].

Labetalol is another hypotensive agent that acts 
through competitive inhibition of α and B- adrenergic 
receptors [currently, and beta- adrenergic receptors are 
a promising target for pain management as they are dis-
tributed in the nervous system (B2 > B1 > B3)]. B2 adren-
ergic receptors are found in peripheral nociceptors and 
in the spinal cord sensitizing nociceptors and enhanc-
ing pain signals by the existence of proinflammatory 
cytokines [11, 12].

Thus, this study aimed to compare the effects of mag-
nesium sulfate and labetalol infusion during induced 
hypotension on peripheral perfusion and postopera-
tive pain in nasal surgeries. The primary outcome was to 
compare the effect of perioperative magnesium sulfate 
and labetalol infusion on peripheral perfusion during 
nasal surgeries. The secondary outcomes were the assess-
ment of serum lactate, postoperative pain, time to the 
first call for pethidine (rescue analgesic) and total pethi-
dine consumption.

Methods
Study design and population
This prospective randomized double-blind clinical study 
was approved by the Institutional Review Board of our 
university (ref: IRB#6601/20–12-2020) and was reg-
istered at  clinicaltrial.gov (ref: NCT04688203, date of 
registration: 29 -12–2020) https://​clini​caltr​ials.​gov/​ct2/​

show/​NCT04​688203 prior to patient enrollment. Written 
informed consent was obtained from all patients partici-
pating in this trial. The first patient enrolled at 1–2-2021. 
The current study adheres to CONSORT guidelines and 
includes a completed CONSORT checklist.

This was a double-blind study, as both the patient and 
the outcome assessors (physician anesthesiologist col-
lecting the data) were blinded to the study drugs. It was 
conducted from 1 February 2021 to 30 September 2021 
on 50 patients of either sex, belonging to the American 
Society of Anesthesiologist (ASA) I and II physical status, 
aged between 21 and 45  years with a body mass index 
(BMI) ranging from 20 to 30 kg/m2 and undergoing elec-
tive nasal surgeries such as septoplasty, functional endo-
scopic sinus surgery and septoturbinoplasty. Duration 
of surgery was ≤ 2 h. Patients on beta-blocker or antico-
agulants or receiving pain killer, who are diabetic, and 
asthmatic, with advanced (renal, hepatic, respiratory, car-
diovascular) diseases, with an altered mental state, and 
known allergy to drugs were excluded from the study.

A routine clinical evaluation performed preoperatively 
for all patients. All patients were kept nil orally for 8 h for 
a heavy meal and 2 h for clear fluids preoperatively and 
were learned the visual analogue scale (VAS) score [13]. It 
is a 10 cm line with 10 as the worst and 0 with no pain. An 
intravenous (IV) line was inserted, midazolam 0.03 mg/
kg was administered and warm fluids were started at a 
rate of 5  mL/kg/h. The patients were transferred to the 
operating room and standard monitors were connected 
to the patients: such as electrocardiogram, non-invasive 
blood pressure and pulse oximeter. Warm blankets were 
used and the operating room temperature was adjusted 
to 25 ˚C. Invasive measurement of arterial blood pressure 
through insertion of a 20-gauge cannula into the radial 
artery was performed after performing the Allen test in 
non-dominant hand. Baseline heart rate (HR) and mean 
arterial blood pressure (MABP) were recorded. Baseline 
PPI parameters were recorded using a Masimo pulse oxi-
meter probe (Masimo Radical seven; Corp of Masimo, 
USA) placed in the patient’s index finger of the hand con-
tralateral to the intravemous fluid infusion.

Before induction of anesthesia, patients were ran-
domly allocated into two groups (magnesium sulfate and 
labetalol groups), using a computer- generated randomi-
zation table with 25 patients in each group.

The magnesium sulfate group (n = 25): received IV 
bolus dose of 40  mg/kg magnesium sulfate in 100  mL 
normal saline over 15  min then a minutes continuous 
infusion of 10–15  mg/kg/h was titrated untill the tar-
get mean arterial blood pressure (55–65  mmHg) was 
achieved and discontinued 10 min before the end of the 
surgery. Patients in the labetalol group (n = 25): received 
an IV bolus dose of 0.25  mg/kg labetalol in 100  mL 

https://clinicaltrials.gov/ct2/show/NCT04688203
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normal saline over 15  min then continuous infusion of 
0.5–1  mg/kg/h was titrated untill a target mean arterial 
blood pressure (55–65 mmHg) was achieved and discon-
tinued 10 min before the end of the surgery.

General anesthesia
Pre-oxygenation 3–5 min with 100% oxygen was admin-
istered then anesthesia was induced using 2  mg/kg IV 
propofol and 1.5 ug/kg IV fentanyl. Endotracheal intu-
bation was facilitated with 0.15 mg/kg IV cisatracurium. 
Anesthesia was maintained with 1.5% isoflurane in 100% 
O2 and incremental doses of cisatracurium 0.03 mg/kg/h 
were given. Ventilation was adjusted to maintain the end 
tidal CO2 (ETCO2) at 30– 35 mmHg.

All patients were in the supine position with the head 
up 45°, and infiltration of the nasal mucosa by epineph-
rine at a dilution of 1:100,000 plus 2 mL of 1% lidocaine 
was performed by the surgeon. Normothermia was main-
tained using warm blankets and warm IV fluids. Intra-
operative MABP of < 50  mmHg and bradycardia of < 50 
beats/min were treated with ephedrine 5  mg and atro-
pine (0.5 mg).

At the end of the surgery, the inhalational anesthetic 
was turned off and the muscle relaxant was reversed by 
neostigmine 0.05  mg/kg plus atropine 0.01  mg/kg. The 
patient was then extubated and transferred to the recov-
ery room.

Outcome variables
Intraoperative outcomes

▪ PPI by pulse oximeter was measured at basaline 
before induction, intubation, 5 and, 10 min after intu-
bation and then every 10 min until the end of the sur-
gery. The normal range is (0.02% –20%) [14].
▪ Mean arterial blood pressure and HR were 
recorded at basaline before induction, intubation, 5 
and, 10 min after intubation and then every 10 min 
until the end of the surgery.
▪ The mean time to achieve the target mean arterial 
blood pressure (the time from the end of the bolus 
dose until the reach mean arterial blood pressure was 
55–65 mmHg) in both groups was recorded.

Postoperative outcomes

1.	 Postoperative pain was evaluated using VAS score. It 
was assessed 30 min, 1 h, 2 h and 4 h postoperatively. 
IV paracetamol 1 gm was given every 6 h as a proto-
col for pain management and was started at the end 
of surgery. IV pethidine 1  mg/kg (rescue analgesic) 
was administered if VAS ≥ 4.

2.	 The time from the cessation of the infusion solution 
to the first call for pethidine (rescue analgesic) was 
recorded.

3.	 Total pethidine consumption.
4.	 Serum lactate levels were recorded at basaline and at 

1 h after extubation. The normal serum lactate ranges 
from 4.5 to 19.8 mg/dL [15].

Sample size
We compared the magnesium sulfate and labetalol- 
treated groups with respect to the PPI. The study con-
sisted of two treated groups, effect size (f ) = 1 and, 
power = 0.9 with a significance P-value at cut-off = 0.05, 
calculated using student’s t-test (unpaired and two-
tailed) [16]. This analysis was done in R coding language, 
package “pwr” and function “pwr.t.test” [17]. Therfore, 25 
patients per group were included in this study.

Statistical analysis
Data were coded and entered using Statistical Package for 
Social Sciences (SPSS) version 26 (IBM Corp., Armonk, 
NY, USA). Data were summarized using mean and stand-
ard deviation for quantitative variables and frequencies 
(number of cases) and relative frequencies (percentages) 
for categorical variables. Comparisons between groups 
were performed using the unpaired t- test. To compare 
categorical data, the Chi square (χ2) test was performed. 
The exact test was used when the expected frequency 
was < 5. Statistical significant was set at P < 0.05. The con-
fidence interval was determined at 95% intervals to rep-
resent the range of difference, bounded above and below 
the statistical means between the two groups.

Results
A total of fifty-five patients were prepared for the study; 
five patients were excluded from the study (two patients 
were asthmatic, two patients refused to complete the 
study, and one patient had a change in the planned 
operation) as presented in the CONSORT Statement 
for Reporting Trials (Fig. 1). Thus, a total of 50 patients 
were randomly allocated to two groups (25 patients 
each). Patient characteristics (age, sex, BMI, ASA I, and 
II) and operative data were comparable between the two 
groups (Table 1).

The magnesium sulfate and labetalol groups were 
comparable in terms of the PPI values at baseline, intu-
bation, and 5  min after intubation (p > 0.05). In addi-
tion, magnesium sulfate group showed significantly 
increased PPI values compared to the labetalol group 
(p < 0.001) (Table 2).

Regarding the mean arterial blood pressure, both 
groups were comparable at baseline (p > 0.05). In 
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contrast, magnesium sulfate group showed a statisti-
cally significant increase in MABP values compared 
with the labetalol group (P < 0.05) (Fig. 2A). The time to 
reach the target MABP was significantly prolonged in 
the magnesium sulfate group compared to the labetalol 
group ([21.6 ± 1.7 vs 6.9 ± 1.5] min, p < 0.001, mean dif-
ference = 14.7[95% CI, 13.7–15.6]) (Table 3).

Heart rate values were statistically highly significant 
lower in the labetalol group than magnesium sulfate 
group starting from intubation until 110 min after anes-
thesia induction (p < 0.001), and both groups were com-
parable at baseline values (p > 0.05) (Fig. 2B).

Serum lactate levels were comparable between the 
two groups at baseline, and 1 h postoperatively (p > 0.05) 
(Table 3).

Regarding postoperative pain, the magnesium sulfate 
group showed significantly lower VASscores up to 2  h 
compared to the labetalol group (p < 0.001) (Fig. 3). The 
time to first call of pethidine was significantly prolonged 
in the magnesium sulfate group compared to the labetalol 

group ([113.1 ± 5.2 vs 28.2 ± 1.5] min, p < 0.001, mean dif-
ference = 84.8[95% CI, 82.6 –87.1]) and the total pethi-
dine consumption was significantly lower in magnesium 
sulphate group compared to labetalol group ([64.2 ± 4.7 
vs 71 ± 6.2] mg, P < 0.001 mean difference = -6.7 [ 95% CI, 
-9.9 to -3.6]) (Table 3).

Discussion
The current study demonstrated that magnesium sul-
fate infusion maintains wider PPI values compared to 
labetalol and was significantly associated with higher 
intraoperative mean arterial blood pressure and HR than 
labetalol in healthy patients. It is important to maintain 
peripheral perfusion even in healthy patients, moreover 
in particularly ill patients.

To the best of our knowledge, this is the first study to 
compare the effects of magnesium sulfate and labetalol 

Fig. 1  Consort flow chart
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on PPI and postoperative pain during induced hypoten-
sion in nasal surgery.

PPI depends mainly on vascular tone as peripheral 
vasodilatation increases PPI, while vasoconstriction 
decreases PPI [18]. Zayed et al. [16] concluded that nitro-
glycerin was associated with a higher PPI than labetalol 
during induced hypotension in patients undergoing sinus 
endoscopic surgery and they explained that vasodilator 

drugs such as nitroglycerin enhance blood flow to the 
microcirculation, while IV infusion of labetalol antago-
nizes the non-selective B adrenergic receptors by seven 
times more than the postsynaptic α1 adrenergic recep-
tors. B1 adrenergic receptor antagonists lower HR, while 
α1 adrenergic receptor antagonists decrease vascular 
resistance, which leading to vasodilation, and which 
is clinically correlated with the present study results 

Table 1  Patients’ characteristics and operative data

Data were expressed as mean ± SD, or No (%). P < 0.05 was significant. t = unpaired t- test. x2 = chi square test. ASA American Society of Anesthesiologist, BMI Body 
Mass Index and FESS Functional Endoscopic Sinus Surgery

Studied groups t/x2 p-value

Magnesium sulfate group
(n = 25)

Labetalol group
(n = 25)

Age(years) 31.8 ± 5.6 32.9 ± 5.7 t = 0.67 0.50

Sex
  male 14 (56%) 13 (52%) x2 = 0.08 0.77

  female 11 (44%) 12 (48%)

ASA
I 13 (52%) 14 (56%) x2 = 0.08 0.77

II 12 (48%) 11 (44%)

BMI (kg/m2) 25.5 ± 2.6 25.2 ± 2.7 t = 0 .35 0.72

Duration of surgery ( min) 104.2 ± 7.1 104.1 ± 5.5 t = 0.09 0.93

Type of surgery
  • Endoscopic septoplasty 4 (16%) 5 (20%) x2 = 0.36 1

  • FESS 10(40%) 1144%)

  • Rhinoplasty 6 (24%) a.(20%)

  • Septoturbanoplasty 5 (20%) 4 (16%)

Table 2  PPI between the studied groups

PPI Peripheral Prefusion Index Data were expressed as mean ± SD, P < 0.05was significant. CI Confidence Interval

PPI Studied groups Mean difference
95% (CI)

P value

Magnesium sulfate group
(n = 25)

Labetalol group
(n = 25)

At Basal 5.3 ± 0.3 5.1 ± 0.3 0.1 (-0.04 to 0.3) 0.12

At intubation 5.1 ± 0.5 4.9 ± 0.3 0.2 ( -0.05 to 0.4) 0.106

At 5 min 5 ± 0.3 4.8 ± 0.3 0.2 (-0.02 to0.4) 0.072

At 10 min 5 ± 0.4 4.4 ± 0.3 0.5 (0.3 -0.8)  < 0.001

At 20 min 4.9 ± 0.3 4 ± 0.4 0.9 (0.7 – 1.1)  < 0.001

At 30 min 5 ± 0.4 3.8 ± 0.3 1.2 (0.9- 1.4)  < 0.001

At 40 min 4.8 ± 0.3 3.6 ± 0.3 1.3 (1.1- 1.5)  < 0.001

At 50 min 4.6 ± 0.4 3.3 ± 0.3 1.3 (1.1- 1.5)  < 0.001

At 60 min 4.4 ± 0.3 3.1 ± 0.4 1.3 (1.1 – 1.5)  < 0.001

At 70 min 4.2 ± 0.3 2.8 ± 0.4 1.4 (1.1- 1.6)  < 0.001

At 80 min 4.1 ± 0.3 2.6 ± 0.4 1.5 (1.2 -1.7)  < 0.001

At 90 min 4 ± 0.4 2.5 ± 0.5 1.6 (1.3–1.8)  < 0.001

At 100 min 3.9 ± 0.3 2.4 ± 0.5 1.5 (1.2–1.7)  < 0.001

At 110 min 3.8 ± 0.3 2.5 ± 0.4 1.3 (1.1–1.5)  < 0.001
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considering magnesium sulfate as a vasodilator drug. 
Magnesium sulfate stimulates the synthesis of prostacy-
clin I2 (PGI2) in vascular cells, subsequently regulating 
vascular tone directly. Magnesium sulfate induces vas-
cular relaxation because of its Ca +  + antagonistic action 
[19].

In the present study, the time to reach the target 
MABP in the magnesium group was highly statistically 
significant longer (21.6 ± 1.7  min) than labetalol group 
(6.9 ± 1.5 min).

Chhabra et  al. [20] reported that the mean time to 
reach MABP in magnesium group was 21.32 ± 4.65 min 
when comparing the effect of dexmedetomidine 
and magnesium sulfate on inducing hypotension in 
endoscopic sinus surgery. However, in the study by 
Patel et  al. [21], the time to achieve a target arte-
rial blood pressure of 140/90  mmHg in labetalol was 
12.63 ± 7.19 min which might be related to our results; 
however, labetalol might take a longer time than in our 

Fig. 2  A = Mean arterial blood pressure (MABP) (mmHg) between studied groups at the measured time points. B = Mean heart rate (HR) beat/
minute (bpm) between studied groups at the measured time points. Mean ± SD
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patients as their study was conducted in hypertensive 
pregnant mothers.

The results of this study revealed that magnesium 
sulfate was superior to labetalol in maintaining the 
PPI values. Therefore, PPI could serve to detect better- 
induced hypotension.

Højlund et al. [22] found that PPI is a reliable param-
eter for tracing acute changes in hemodynamics during 
general anesthesia and there was a strong correlation 
between changes in PPI and (MABP, cardiac output, 
and stroke volume), and which can predict hypotension 
and decrease cardiac output during general anesthesia. 
In the same context, Choudhary et  al. [23] reported 
that PPI can be used as an additional parameter to eval-
uate the hemodynamic response to laryngoscopy dur-
ing intubation as it had a good correlation with mean 
arterial blood pressure and HR.

Serum lactate is a reliable biochemical marker for 
monitoring tissue perfusion clinically, but is a late 

marker reflecting the process of anaerobic metabolism 
[24]. Therefore, in this study, there was no difference 
between basal readings and 60  min after extubation 
between both groups as the induced hypotension state 
is different from shock.

The analgesic effect of labetalol has been discussed in 
the previously literature [25, 26]. However, to date, the 
present study is the first randomized clinical study to 
determine the effect of labetalol compared to magne-
sium sulfate in pain management after nasal surgery. This 
study revealed that magnesium sulfate was superior to 
labetalol in reducing pain intensity using VAS score up 
to 2 h postoperatively, the time to first call of pethidine 
in magnesium sulfate group was (113.1 ± 5.2 min) com-
pared to labetalol group (28.2 ± 1.5  min) and the total 
pethidine consumption was significantly reduced in the 
magnesium sulfate group (64.2 ± 4.7 mg) compared to the 
labetalol group (71 ± 6.2 mg). Elsersy et al. [7] reported in 
their study results that intraoperative magnesium sulfate 

Table 3  Time to reach the target mean arterial blood pressure, serum lactate level and analgesic parameters between groups

The data were expressed as mean ± SD. P < 0.05was significant. CI Confidence Interval

Studied groups Mean difference (95% CI) P value

Magnesium sulfate 
group (n = 25)

Labetalol group 
(n = 25)

Time to reach the target mean arterial blood pressure 
(min.)

21.6 ± 1.7 6.9 ± 1.5 14.7(13.7 – 15.6)  < 0.001

Serum lactate level (mg/dL) Basal 10.6 ± 3.2 11.8 ± 3.9 -1.1 (-3.2 to 0.8) 0.24

After 1 h 11.1 ± 3 12.6 ± 3.6 -1.5 (-3.4to 0.3) 0.1

Time to the first call of pethidine (min.) 113.1 ± 5.2 28.2 ± 1.5 84.8 (82.6 -87.1)  < 0.001

Total Pethidine Consumption (mg) 64.2 ± 4.7 71.04 ± 6.2 -6.7 (-9.9 to -3.6)  < 0.001

Fig. 3  Mean visaual analogue scale (VAS) scores between the studied groups. Mean ± SD
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infusion reduced the pain scores in patients undergo-
ing functional endoscopic surgery. In addition, Chen 
et al. [27] revealed that magnesium sulfate was useful in 
decreasing pain intensity in the early stages after laparo-
scopic cholecystectomy.

The present study was conducted on healthy adult 
volunteers not suffering from any peripheral vascular 
diseases to avoid bias of the results and to take it as the 
standard for the best hypotensive agent with wider PPI. 
Therefore, we recommend further studies in the elderly 
and in patients with peripheral vascular diseases.

Limitations
The first limitation was the lack of previous studies in 
this field of the present study. Second, we did not assess 
the surgical field because our target mean arterial blood 
pressure was 55–65 mmHg, which has been approved in 
many previous clinical trials to produce a clear surgical 
field [16, 28, 29]. Therefore, further studies are warranted.

Conclusions
Magnesium sulfate maintains wider PPI and offers bet-
ter postoperative pain relief compared to labetalol during 
induced hypotension in nasal surgeries. PPI can be used 
to detect better -induced hypotensive agent during gen-
eral anesthesia.
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