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Abstract

Background: This study was designed to compare the
efficacy of intravenous infusion of nitroglycerin versus mag-
nesium sulfate for controlled hypotensive anesthesia during
arthroscopic shoulder surgery in Beach Chair Position (BCP).

Aim of Study: To compare the efficacy of nitroglycerin
versus magnesium sulfate in inducing deliberate hypotension
and satisfactory surgical field in patients undergoing arthro-
scopic shoulder surgery.

Material and Methods: Fourty patients scheduled for
arthroscopic shoulder surgery under general anesthesia in
BCP, randomly assigned into two equal groups, nitroglycerin
group (NTG group, n=20) received infusion of 0.5-5 pg/kg/min
and magnesium group (Mg group, n=20) received 40mg/kg,
as slow bolus before induction in 100mL saline solution over
10min then 15mg/kg/h by infusion during the operation to
achieve a mean arterial blood pressure (MAP) of about 50 to
65mmHg.

Results: Controlled hypotension was achieved in both
groups. There was no significant difference in MAP between
two groups in first 30mins after infusion then magniseum
group produced significantly lower MAP values till stopping
of infusion. Heart Rate (HR) was significantly lower in mg
group compared with the NTG group. More patients required
fentanyl consumption intraoperative (»p<0.0001) and frequent
administration of rocuronium (»p=0.001) in NTG group. How-
ever, there was longer extubation time and recovery time in
Mg group compared with the NTG group. Bleeding score was
insignificantly lower in Mg group and surgeon's satisfaction
score was significantly better (»=0.035) in the Mg group.

Conclusions: Nitroglycerin and magnesium sulfate can
effective in achieving hypotensive anesthesia during arthro-
scopic shoulder surgery. However, MgSO4 provide a favorable
surgical field condition and better surgeon's satisfaction.
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Introduction

SHOULDER arthroscopy is a minimally invasive
technique used for diagnostic and therapeutic in-
dications. It is associated with benefits such as
lesser post-operative pain and early rehabilitation
as compared to open techniques [1]. Shoulder ar-
throscopy has some complications related to beach
chair position, use of irrigation fluid and patient
positioning, these complications can be managed
by early detection and prevention [2,3]. The Beach
Chair Position (BCP) facilitates the approach to
the shoulder joint and improves visualization,
marked physiological change occurs when an an-
esthetized patient is tilted from a supine to upright
position [4] . Gravity causes blood to pool into the
lower extremities and a shift in intrathoracic blood
volume to the extrathoracic space so venous return
is decreased resulting in a significant decrease in
cardiac output, systemic vascular resistance and
arterial pressure [5,6]. Also, this position increases
the risk hypoperfusion of the brain due to reduce
cerebral perfusion and oxygenation and produce
neurologic complications [7].

Controlled hypotension is a technique to de-
crease arterial blood pressure in a controllable
manner to minimize the intraoperative bleeding
and improve the quality of surgical field aims to
lower the mean arterial blood pressure to values
between 50 and 65mmHg. However (BCP) and
hypotension, may have the risk to cause post-
operative neurological insults, so cerebral oximetry
is important to evaluate cerebral ischemia [8,9].
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Nitroglycerin (NTG), is adirect acting periph-
eral vasodilator and it is frequently used to produce
controlled hypotension as it has rapid onset of
action, rapid offset action, and titrability. However
the disadvantages of nitroglycerine are reflex tach-
ycardia and venous congestion leading to increased
blood loss [10].

Magnesium sulfate is a noncompetitive antag-
onist of N-methyl-daspartatereceptors, magnesium
can cause hypotension through a vasodilator effect.
The vasodilator effect caused by increased synthesis
of prostacyclin, inhibition of angiotensin-converting
enzymes and has an analgesic effect. Mg++ is
important for the release of acetylcholine from
presynaptic terminals and inhibits the rel ease of
norepinephrine by blocking the N-type Cat++ chan-
nels at nerve endings and thus decrease the blood
pressure [11,12].

Patients and M ethods

Fourty patients of both sex with ASA physical
status (American society of anesthesiol ogists)
classes |11, aged 21-50 years scheduled for arthro-
scopic shoulder surgery in the BCP were randomly
assigned into two groups contains 20 patients
according to hypotensive agent during the surgery:
Nitroglycerine and Magnesium sulfate groups by
computer-generated random numbers. A written
informed consent was obtained from all patients.
The enrollment period lasted from February 2018
to May 2019 in Al-Azhar University Hospital,
Egypt. Exclusion criteriaincluded patients who
had hypertension, ischaemic heart disease, hepatic
and renal disorders and cerebral impairment, pa-
tients with known coagulopathies or history of
alergy to the study drugs.

After arrival the patients to the operating room,
intravenous cannula was inserted and the two
groups were monitored by standard monitoring
(noninvasive blood pressure, Electrocardiography
(ECG) and peripheral oxygen saturation (SpO »)
then all patients were premedicated with 0.03-0.05
mg/kg midazolam.

All patients were given a general anesthesia,
after pre-oxygenation, anesthesia was induced with
fentanyl 1-2pg/kg and propofol 1-2mg/kg, rocuro-
nium 0.6-0.8mg/kg was used for intubation and
muscle relaxation, intubation was performed with
armored tracheal tube. Maintenance of anesthesia
was achieved with a mixture of oxygen, air (1:1),
sevoflurane at 1-2% minimum alveolar anesthetic
concentration (MAC) and intermittent boluses of

rocuronium was given 0.1mg/kg if required. Ven-
tilation was controlled to maintain end-tidal carbon
dioxide (EtCO2) between 35-40mmHg. Intraoper-
ative fluid administration was 6-8ml/kg/h of ringer
solution.

After anesthesiainduction, another cannula
was inserted for infusion of study drugs. Then the
head was secured in neutral position and fixed
with amayfield head holder to ensure that cerebral
venous drainage was not impaired. The back of
the operating room table was raised to 65-75 above
the horizontal plane to put the patient into a beach-
chair table (BCP). Knees were dightly flexed over
apillow.

Nitroglycerine (NTG group): Patients were
given normal salinel00ml I.V bolus over 10mins
before induction of anesthesia (placebo) followed
by infusion of nitroglycerine 0.5-5p g/kg/min,
prepared by put one ampoules of nitroglycerine
(Nitronal ampoule 50mg in 50ml, Sunny pharma-
ceutical, Egypt) in 50ml syringe (Img/ml) accord-
ing to the patients desired target blood pressure
immediately started after BCP position.

Magnesium sulfate (Mg group): Patientsre-
ceived 1.V bolus of magnesium sulfate 40mg/kg
in a100ml normal saline over 10mins before in-
duction of anesthesiafollowed by infusion of 15
mg/kg/h (magnesium sulfate ampoule 1000mg in
10ml, EIPICO, Egypt) prepared in 50ml syringe
(100mg/ml) started after BCP position until the
end of surgery.

Drugs prepared in identical syringes before
operation by an anesthesiologist (anesthesiaresi-
dent) who had no rule in the study, the intraopera-
tive monitoring was done by anesthesiologist who
will be administering the drug but unaware of the
content of the syringes.

Patients with hypotension (reduction <20% of
baseline MAP or less than 50mmHg) were treated
by discontinuation of the hypotensive agent, fluid
therapy and reducing the concentration of sevoflu-
rane. If the MAP did not improve, 5-10mg ephe-
drine was given & these patients were excluded
from the study. Patient developing bradycardia
(HR <50bpm) were managed by atropine and if
tachycardia (HR >100bpm) occurred, fentanyl
50pg was given. HR and MAP were recorded
before induction of anesthesia (basal), after induc-
tion of anesthesia, 5 minutes after BCP, 5 minutes
after infusion then every 5 minutes after BCP till
60min from the start of hypotensive infusion and
10min after discontinuing the hypotensive agent
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(end of surgery) and after change from BCP to
supine position. At the end of surgery sevoflurane
was switched off, then neostigmine 0.05mg/kg
plus atropine 0.01mg/kg was given in order to
antagonize the neuromuscular block. All patients
were extubated fully awake in the operating room,

HR and MAP were recorded after extubation of
the patient. The time between discontinuation of
anesthesia and extubation (extubation time) and
time from extubation until patients ready to transfer
to the ward (recovery time) both times were re-

corded in two groups by an anesthetist who was
'‘blind' in terms of patient groups. Surgical field
was assessed by the same surgeon in terms of
bleeding and visibility using a 6-option liker-scale;

0=no bleeding; 1=minor bleeding, no aspiration
required; 2=minor bleeding, aspiration required;

3=minor bleeding, frequent aspiration required;

4=moderate bleeding, visible only with the aspira-

tion and; 5=severe bleeding, continuous aspiration
required, very hard to perform surgery. Surgeon's
satisfaction with the operative field was also eval-
uated using a 4-option likert scale at the end of
surgery, scale:1=bad, 2=moderate, 3=good, 4=
excellent.

Satistical analysis:

Statistical analysis data were statistically de-
scribed in terms of mean Standard Deviation (SD),
median and range, or frequencies (number of cases)
and percentages when appropriate. Comparison of
numerical variables between the study groups was
done using student t-test for independent samples.
For comparing categorical data, Chi-square (2) test
was performed. Exact test was used instead when
the expected frequency islessthan 5. p-valuesless
than 0.05 was considered statistically significant.
All statistical calculations were done using com-
puter program IBM SPSS (Statistical Package for
the Social Science; IBM Corp, Armonk, NY, USA)
release 22 for Microsoft Windows.

Results

A total of 40 patients were enrolled in this study
undergoing shoulder arthroscopic surgery were
included (NTG group: n=20, Mg group: n=20). All
patients surgeries were performed by the same
surgeon. Two patients were excluded from the
study as aresult of severe hypotension that needs
Vasopressor.
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Assessed for eligibility

Enrollment (n=40)
Excluded (n=2):
« 2 patients need
Vasopressor.
Randomized (n=38)
Allocation
Allocated to Allocated to magnesium

nitroglycerin (n=19) sulfate (n=19)

Follow-Up

Lost to follow-up (n=0)
Follow-up patients (n=19)

Lost to follow-up (n=0)
Follow-up patients (n=19)

Analysis

| Analysed (n=19) | Analysed (n=19)

Fig. (1): Flow chart of subjects enrollment, allocation and
analysis.

There were no significant differences between
the two groups as regard demographic variables
(age, sex, ASA, weight, height and duration of
operation) which presented in (Table 1).

Table (1): Demographic data in both groups.

NTGgroup Mggroup Test p-

(n=19) (n=19) vaue vaue

Age (years):

Mean + SD 39.1+12.15 40.95+9.65 0.520 0.606
ASA:

I 14 (73.7%)  15(78.9%) 0.146 0.702

I 5 (263%) 4 (21.1%)
Sex (FIM):

Females 9 (474%) 10(52.6%) 0.105 0.746

Males 10(52.6%) 9 (47.4%)
Weight (kg):

Mean + SD 98+10.22 95+23.21 -0.516 0.609
Height (cm):

Mean + SD 161.10+10.13 160+4.72 -0.429 0.671

Surgical duration (min):

Mean + SD 69.4£10.5 72£17.3 0.560 0.579
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Heart Rate (HR) variations were presented in Fig.
(2), there was increased significantly of heart rate
after intubation and sitting position (p<0.01) then
showed significant reduction in HR in the Mg group
compared to NTG group through out the operation.
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Fig. (2): Comparison between the two groups regarding HR.

MAP variations were presented in Fig. (3),
MAP was decreased by two groups and reached
to target value (50-65mmHg) after starting hypo-
tensive infusion, MAP values were comparable
between the two groups at first 30min without
significant difference then the MAP was signifi-
cantly lower in mg group compared to NTG group.
After discontinuing hypotensive infusion, MAP
increased significantly in the NTG group compared
with mg group.
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Fig. (3): Comparison between the two groups regarding MAP.
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The total dose of fentanyl ( Egkd and rocuro-
nium (mg) consumtion were significantly lower
in group Mg compared to NTG group (1.05£0.09,
50.8+12.3 versus 1.37+0.12, 66.7% 14.4) respec-
tively.

Extubation time and recovery time were signif-
icantly longer in the Mg group compared with the
NTG group.

Table (2): Comparison between the two groups regarding
operative and recovery data.

Test p-

NTG Mg value value

Fentanyl requirement (ug/kg) 1.37£0.12 1.05+0.09 —9.299 0.0001
66.7+14.4 50.8+12.3 -3.660 0.001
5.5%2.3 8.012.1 3.499 0.001
8.2%2.5 10.5£3.3  2.422 0.021

Total rocuronium dose (mg)
Extubation time (min)

Recovery time (min)

The Average Category Scale (ACS) for the
assessment of intraoperative bleeding presented in
(Table 3), Fig. (4). Bleeding score was insignifi-
cantly decreased in mg group but surgeon satisfac-
tion was significantly lower in NTG group (Table
4), Fig. (5).

Table (3): Comparison between the two groups regarding
bleeding score.

Bleeding score NTG Mg Test p-
(n; %) (n=19) (n=19) value value

0 (no bleeding) 0 (0.0%)

15 (78.9%)

0 (0.0%) 2232 0328
16 (84.2%)

|
2 2 (10.5%) 3 (15.8%)
3 2 (105%) 0 (0.0%)
4 0 (0.0%) 0 (0.0%)
5 0 (0.0%) 0 (0.0%)
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Fig. (4): Comparison between the two groups regarding
bleeding score.
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Table (4): Comparison between the two groups regarding
surgeon's satisfaction score.

Surgeon's satisfaction Mg NTG Test p-

score (n; %) (n=19) (n=19) value value
1 (poor) 0(0.0%) 0 (0.0%) 8581 0.035
2 (moderate) 7(36.8%) 0 (0.0%)
3 (good) 7(36.8%) 11(57.9%)
4 (very good) 5(26.3%) 8 (42.1%)
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Fig. (5): Comparison between the two groups regarding
surgeon's satisfaction score.

Discussion

Deliberate hypotension is widely used by an-
esthesiologists to decrease intraoperative blood
loss and produce good surgical fields excessive
bleeding prolongs the duration of surgery and
anesthesia [13,14] .

This randomized study designed to compare
the efficacy of controlled hypotensive anesthesia
with intravenous infusion of nitroglycerine versus
magnesium sulfate in patients undergoing shoul der
arthoscopic surgery.

NTG hasdirect action on vascular smooth
muscles. This vasodilator effect may produced
more oozing at the surgical field. NTG, produce
reduction of MAP accompanied by increasein HR
and rebound hypertension after stoppage of infusion
[15] . Reflex tachycardia may be a contributing
factor to increased surgical bleeding by increasing
the cardiac output.

M agnesium Sul phate (MgSO 4) was used to
induce deliberate hypotension and it produces its
hypotensive effect by limiting the outflow of cal-
cium from the sarcoplasmic reticulum and produces
avasodilation effect. Hypotension induced by
magnesium is also explained by its powerful anal-
gesic effect. The analgesic action of magnesium
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is explained by its antagonistic effect at N-methyl
d-aspartate receptors [16,17] .

Till the time of conduction of study, there were
no studies comparing the efficacy of these two
drugs in achieving controlled hypotension in pa-
tients undergoing shoulder arthroscope.

The current study revealed that controlled hy-
potension was achieved in both groups despite the
lower values of MAP in the Mg group and in both
groups the operative field condition was comparable

and surgeon satisfaction was better in magnesium

group.

In the same line of the study and used both
studied drugs but in functional endoscopic sinus
surgery, Shoukry and Mahmoud [18] who used
MgSOy4, 30mg/kg intravenously over a period of
10min before induction of anesthesiaand 10
mg/kg/h by continuous infusion versus NTG infu-
sion of 3-5gg/kg/min and they noticed both groups
were reduced MAP to the targeted (55-65mmHg).
In MGS group they found, there were better oper-
ative conditions, surgeon satisfaction and reduced
anesthetic requirements but in current study dose
of magnesium sulfate was higher and in NTG group
the dose was 0.5-5gg/kg/min.

There are several previous studieswerein
accordance with present study, but were done
during different operation not in arthroscopic shoul-
der surgeries and revealed that nitroglycerineis a
well-established simple drug produce hypotensive
anesthesia when compared with other hypotensive
drugs (not MgSO4) like Ghodraty et al., [20] com-
pared labetalol and nitroglycerine on inducing
controlled hypotension and intraoperative blood
lossin rhinoplasty. MAP (p<0.001) were signifi-
cantly lower in the nitroglycerine group. There
was no significant difference between the groups
regarding the volume of bleeding (p=0.75); how-
ever, the surgeons were more satisfied with nitro-
glycerine than labetalol (p<0.001).

Nitroglycerin versus dexmedetomidine for con-
trolled hypotensive in Functional Endoscopic Sinus
Surgery (FESS), study was done by Darshna et al.,
[21] and used in group D, loading dose of dexme-
detomidine 1 mp/kmover aperiod of 10min before
induction and followed by maintenance infusion
in the dose of 0.4-0.8 gg/kg/h after intubation.
Group N patients received infusion nitroglycerin
5-10 pkedmin after intub ati on. They observed
significant increase in mean pulse rate in the Ni-
troglycerine group as compared to the Dexmedeto-
midine group. Mean arterial pressure was success-
fully reduced to the target value in both the groups.
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There was no difference in amount of blood loss
between the two groups.

Srivastava et d., [19] they compared NTG with
esmolol, and they noted that both drugs produced
desired hypotension and improved surgical condi-
tion during FESS by reducing operative field bleed-
ing but ideal operative conditions were achieved
at mild hypotension (MABP 75-70) in ESM group
while same conditions were achieved at MABP of
69-65mm of Hg in NTG group. Mean heart rate
was significantly higher in NTG group as compared
to ESM group. Blood loss was significantly less
in ESM group.

In the same line with current study, severa
previous studies but were not done in arthroscopic
shoulder surgeries and revealed that magnesium
sulfate a safe effective drug produce hypotensive
anesthesia when compared with other hypotensive
drugs (not nitroglycerin) as Elsharnouby and
Elsharnouby [22] who used MgSO4 (40mg/kg)
intravenously over a period of 15min before induc-
tion of anesthesia and 15mg/kg/h by continuous
infusion to induce hypotension during FESS. The
same volume of isotonic solution was administered
to the control group they noticed magnesium sul-
phate produced areduction in MAP, heart rate,
blood loss. Furthermore, magnesium infusion alters
anaesthetic dose requirements and prolonge anaes-
thetic emergence time.

Ryu et al., [23] compared magnesium with
remifentanil for hypotensive anesthesia during
middle ear surgery. Patients received between 34
ng/ml remifentanil using target-controlled infusion
(group R) or magnesium sulphate (group M), pa-
tients received i.v. magnesium sul phate bolus of
50mgkg followed by 15mg/kg/h to maintain (MAP)
between 60-70mm Hg and they found controlled
hypotension was well maintained in both groups.
MAP and heart rate were higher in group R than
in group M after operation. Surgical conditions
were not different between the two groups.

Study of Rokhtabnak et al., [24] reported that
a comparison of dexmedetomidine versus magne-
sium sulfate in controlled hypotension during
rhinoplasty. Patients in group Dex, received 1 pp/kom
in 10 minutes before induction of anesthesia, fol-
lowed by 0.4-0.6u g/kg/hour during the mainte-
nance, and group Mg, received 40mg/kg in 10
minutes before induction followed by 10-15
mg/kg/hour during maintenance and they found
no significant difference in MAP between both
groups, but (HR) was significantly lower in the
Dex group compared with Mg group. Bleeding

Nitroglycerin Vs Magnesium Sulfate during Shoulder Arthroscopic Surgery in the BCP

score was lower and surgeon's satisfaction score
was higher in Dex group. More patients required
fentany! or nitroglycerinin Mg group. Patientsin
Dex group required frequent administration of
cisatracurium.

Conclusion:

Nitroglycerin and magnesium are safe, efficient
and might be advisable option for deliberate hypo-
tensive anesthesia. This study revealed that mag-
nesium was more effective in performing controlled
hypotension during arthroscopic shoulder surgery
and provided a better surgical field and surgeon
satisfaction and less tachycardia than nitroglycerin.

Limitations:

Study need to be conducted with larger sample
size, further studies are recommended to evaluate
the efficacy of hypotensive drugs for patients
undergoing arthroscopic shoulder surgery. Periph-
eral nerve stimulation to monitor neuromuscul ar
block or bispectral index to monitor depth of an-
esthesia were not used in this study, instead we
relied on measuring the extubation and recovery
times.
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