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Abstract 

 
The advantages of controlled hypotension to the anaesthesiologists are reduced intraoperative 

bleeding and hence minimization of the need for blood transfusion and a reduced duration of 

anaesthesia. The surgeon enjoys a dry (bloodless) operative field with minimal use of 

diathermy and suturing and an overall reduction in the surgical duration. Patients with 

subnormal or abnormal laboratory or clinical findings were excluded from the study. All 

patients received Tab: Alprazolam 0.5mg and Tab: Ranitidine 150mg after the Night meal on 

the day prior to the surgery. All patients were starved for a minimum of 8 hours prior to 

induction of anesthesia. The fall in MAP from basal levels to the hypotensive period was 

much higher in the NTG group (24.28%) than that in the ESM group (6.80%). The intra-

group difference was also statistically significant. 
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Introduction 

 

Bleeding is a major operative problem in surgeries especially of the paranasal sinuses, middle 

ear cavity and the spine. It is pertinent to minimise this bleeding electively than subject the 

patient to the risks associated with blood transfusion [1]. 

Controlled hypotension is a technique wherein the arterial blood pressure is lowered in a 

deliberate but controllable manner to minimize surgical blood loss and enhance the operative 

field visibility [2]. The synonyms for controlled hypotension are elective hypotension, 

deliberate hypotension, induced hypotension and controlled circulation. 

The difference between deliberate hypotension and hypovolaemic shock is that in the former; 

tissue oxygenation is maintained by a controlled MAP and vasodilatation but severe 

vasoconstriction and microcirculatory changes in shock lead to hypoxia and tissue damage. 

The advantages of controlled hypotension to the anaesthesiologists are reduced intraoperative 

bleeding and hence minimization of the need for blood transfusion and a reduced duration of 

anaesthesia. The surgeon enjoys a dry (bloodless) operative field with minimal use of 

diathermy and suturing and an overall reduction in the surgical duration. 

In FESS, haemostasis of the rhinosinusoidal region poses special problems where  
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capillary bleeding is a serious limitation because it decreases operative visibility of the 

surgical field. This impaired visibility prolongs the overall visibility of the surgical field. This 

impaired visibility prolongs the overall surgical duration and promotes haemotransfusion. 

Transfusion and prolongation of surgical and anaesthetic duration increase the risk of various 

infections and complications [3, 4]. 

There are several pharmacological and non-pharmacological techniques of inducing 

hypotension the mechanical ones being; touniquets, table positioning and IPPV [2]. 

Alpha receptor agonists and antagonists like dexmedetomidine and phentolamine, beta 

receptor antagonists like esmolol, nitrovasodilators like sodium nitroprusside and 

nitroglycerine are the most commonly used clinical drugs to control the circulation [5]. 

Nitroglycerine chiefly used to treat angina, has also been tried for hypotensive anaesthesia. It 

is directly acting nitrovasodilator that dilates capacitance vessels; reducing venous return with 

concomitant reduction in stroke volume and cardiac output and thereby causing hypotension. 

The main advantage of NTG over SNP is the avoidance of invasive monitoring, sparing of 

platelet function and minimisation of the possibility of cyanide toxicity [2, 5]. 

Esmolol, a short-acting cardioselective beta adrenergic antagonist has a rapid onset of action 

leading to a decrease in heart rate, cardiac output and blood pressure. Other than its use in 

tachyarrhythmias and perioperative hypertension, it has been used for the induction of 

hypotension, Amongst the beta blockers, the main advantage of esmolol is its ultrashort 

action. 

Not many studies have been performed in India with these two pharmacological agents and 

hence there is a need for a clinical comparision of these two drugs in terms of reduction in 

blood pressure, surgical blood loss and overall duration and clarity of the operative field [6]. 

 

Methodology 
 

Ethical committee approval from our hospital was obtained and written informed consent was 

taken from all patients. 
 

Study design: Randomised case control study. The study population was randomly divided 

using computer generated numbers into 2 groups with 30 patients in each group. 
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1 =Mean in group 1. 

2 =Mean in group 2. 
 

Inclusion criteria 
 

 Elective FESS under General Anesthesia 

 Adult patients aged 18-60 years 
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 ASA Grade I and II only. 

 Mallampatti Grade I & II. 

 Patients giving valid Informed Written consent to be included in the study. 

 Patients operated by the same surgeon. 

 

Exclusion criteria 

 

 ASA Grade III & Above. 

 Co-morbidities such as Anemia, Hypertension, Diabetes. 

 Co-existing Cardiovascular and Cerebrovascular diseases. 

 Renal, Hepatic or Peripheral vascular diseases. 

 Known or suspected allergy or intolerence to hypotensive drugs. 

 Anticipated difficulty in intubation. 

 

The study population was randomly divided into two groups of 30 each.  

 NTG Group: Nitroglycerine Group (n=30): received an iv infusion of NTG at 5-10 

mcg/kg/min after intubation. 

 ESM Group: Esmolol Group (n=30): Received an initial IV bolus of Esmolol at 500 

mcg/kg over 30 seconds followed by an infusion of 100-300 mcg/kg/min after intubation. 

 

All patients were assessed on the day prior to surgery. The routine Pre-anesthetic evaluation 

comprised of the following 

 General Condition of the patient. 

 Nutritional status and weight. 

 Airway assessment by Mallampatti Grading. 

 Detailed assessment of Cardiovascular, Renal, Respiratory, Gastro-intestinal systems. 

 Explicit informed consent for anesthesia as well as for inclusion in to the study. 

 Following Pre-operative investigations were done. 

 Complete Hemogram. 

 Renal function tests. 

 Standard 12 lead ECG. 

 Chest Roentegogram. 

 Hepatic function tests. 

 Blood sugar levels. 

 

Patients with subnormal or abnormal laboratory or clinical findings were excluded from the 

study. All patients received Tab: Alprazolam 0.5mg and Tab: Ranitidine 150mg after the 

Night meal on the day prior to the surgery. All patients were starved for a minimum of 8 

hours prior to induction of anesthesia.  

Next moming in the operating theatre, two i.v accesses were secured under local infiltration 

on either hands one meant for the hydrating fluids and the other for the hypotensive drug. An 

infusion of lactated ringers at 4mL/kg/hr was flown through one line. All patients were 

catheterized for monitoring the urine output. These patients were then connected to the GE® 

Carescape B650 multichannel monitor which continuously recorded their heart rates and 

rhythm. Non-invasive blood pressure (SBP, DBP and MAP). end tidal C02 and oxygen 

saturation.  

All the 60 patients were premedicated with i.v. glycopyrronium at 0.01 mg/kg. i.v. 

midazolarn at 0.02 mg/kg and i.v. fentanyl at 2 mcg/kg. They were then de-nitrified with 

l00% oxygen for 5 minutes through a standard Closed circuit via the vital signs face mask.  

Anaesthesia was induced with 2.5% i.v. thiopentone (5mg/kg). Direct laryngoscopy and 

endotracheal intubation were facilitated with a 0.08 mg/kg bolus of iv. vecuronium. Care was  
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taken to ensure a smooth. dextrous and gentle Larynngoscopy so as to avoid any 

haemodynamic variations from the basal values.  

After intubation, normocapnoeic ventilation (30-35 mmHg) was carried out with the Datex 

Ohmeda® 9100c anaesthesia work station ventilator’s closed-circuit circle absorber to 

maintain normocarbia.  

Anaesthesia was maintained with 0.4% isoflurane in balanced N2O/O2 mixture and 

vecuronium boluses at appropriate intervals. The dial concentration of isoflurane was kept 

constant (0.4%) throughout the anaesthetic duration.  

Now, the NTG group (n=30) received i.v. nitroglycerin (5-10 mcg/kg/min) and ESM group 

(n=30) received i.v. esmolol 100-300 mcg/kg/min (after a bolus of 500 mcg/kg over 30 

seconds) through syringe pumps. NTG solution was prepared by adding 50 mg (10 ml) of 

injectable NTG to 40 ml of 0.9% saline to make a 50 ml Nitroglycerine solution at 1 mg/ml. 

Esmolol solution was prepared by loading 500 mg (50 ml) of injectable Esmolol 

Hydrochloride solution in a 50 ml syringe (10mh/ml). These hypotensive agents were 

administered using the Fresenius Kabi® syringe pump.  

 

Results 

 
Table 1: Comparision of Fromme Scores (ACS) 

 

Fromme Score NTG Group n=30 ESM Group n=30 

Hypotensive Period 2.42+/-0.77 1.95+/-0.73 

T test 6.72 

P value P<0.01 

 

Table 1 shows that average scores in ESM group were much lower than in the NTG Group. 

This difference was significant both statistically and clinically. 

An average the Category Scales in the ESM group were much lower (Superior) than that in 

the NTG Group. From the 10th min itself, the ESM group had a score of 2, which was only 

achieved in the NTG group from the 15th min onwards. Many patients in the ESM group had 

a score of 1 and some even had the best score of 0. None of the patients in the NTG group 

ever had a score of 0.  

 
Table 2: HR Comparision at Basal and Hypotensive Period 

 

Heart Rate NTG Group N=30 ESM Group N=30 

Basal 85.83+/- 9.46 82+/- 10.47 

Hypotensive period 88.22+/-8.17 69.68+/- 6.35 

T test 1.47 9.03 

P value p>0.05 P<0.01 

% change +2.78% -15.02% 

 

Table 2 shows that on an average there is a 15.02% fall in the heart rate from basal to 

hypotensive period in the ESM group. Conversely there is an average 2.78% increase seen in 

the heart rates in the NTG group. The fall in the ESM group was statistically significant. 

 
Table 3: SBP Comparision at Basal and Hypotensive Period 

 

SBP mm Hg NTG Group N=30 ESM Group N=30 

Basal 127.20+/-5.73 124.50+/-7.64 

Hypotensive period 89.99+/- 7.75 98.64+/-8.30 

T test 25.34 15.99 

P value P<0.01 P<0.01 

% change 29.25% 20.76% 
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Table 3 depicts that the average fall in SBP from basal values in both the groups. While the 

fall in NTG group was higher (29.25%), the individual differences in the basal and 

hypotensive period of both groups were statistically significant. 

 
Table 4: DBP Comparision at Basal and Hypotensive Period 

 

DBP mm Hg NTG Group N=30 ESM Group N=30 

Basal 77.23+/-6.06 73.20+/- 5.29 

Hypotensive period 59.92+/-8.85 67.12+/- 3.85 

T test 10.71 7.58 

P value P<0.01 P<0.01 

% change 22.41% 15.25% 

 

As illustrated in Table 4, a much higher fall in DBP may be appreciated from basal to 

hypotensive period in the NTG group than in the ESM group (22.41% vs 15.25%). The 

difference within each group was statistically significant.  

 
Table 5: Map Comparision at Basal and Hypotensive Period 

 

Map mm Hg NTG Group N=30 ESM Group N=30 

Basal 93.53+/-5.26 92.87+/-4.42 

Hypotensive period 70.82+/-10.15 77.26+/-7.26 

T test 12 11.40 

P value P<0.01 P<0.01 

% change 24.28 16.80 

 

The fall in MAP from basal levels to the hypotensive period was much higher in the NTG 

group (24.28%) than that in the ESM group (6.80%). The intra-group difference was also 

statistically significant.  

 

Discussion 

 

In the NTG group, the basal heart rate was in the range of 85.83+/- 9.46 beats and the 

Esmolol group, it was 82+/-10.47. this difference was statistically insignificant.  

At the 10th minute of infusion however, the heart rate in ESM group was much lower 

(74.90+/-5.26) as compared to NTG group (96.03+/- 8.21). this difference was statistically 

significant (p<0.01). this fall in heart rate in ESM group was attributed to the beta-adrenergic 

blocking effect of Esmolol. Throughout the surgery also the heart rates were lower in the 

ESM group vis a vis NTG group. One patient in the NTG group even had persistent 

tachycardia throughout the surgery. This mean heart rate in NTG group is consistent with the 

fact that NTG causes no change or a slight increase in the heart rate during continuous 

infusion as a reflexive phenomenon, which is the baroreceptor mediated response secondary 

to the induced hypotension. Compared to the baseline values, there was a 15.02% fall in heart 

rate in ESM group as against 2.78% increase in heart rate seen in the NTG group. Guney et 

al. [7] also showed similar findings in their study where they have reported a 18% fall in heart 

rate in the ESM group. Srivastava U et al. [8] found mean heart rates in ESM group to be 

83.87+/-7.58 as against 90.88+/-8.54 in the NTG group. Our results with regards to the heart 

rates in the hypotensive period are consistent with the data from other authors in the 

literature. None of the patients in the ESM group had significant bradycardia (<50 beats per 

min). this data is also comparable to that reported by Ornstein et al. [9]. 

The mean basal value of the SBP of the NTG group was 127.20+/-5.73 mm Hg while that in 

ESM group was 124.50+/-7.64. this difference in the level of hypotension induced was 

statistically insignificant. On an average, NTG group achieved a target fall in SBP much  
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earlier than in the ESM group. Mean SBP at 10th min in NTG group was 104.97+/- 3.60 vs 

115.27+/-5.78 in the ESM group. This difference was statistically significant (p<0.01). this 

may be attributed to the mechanism of hypotension caused by each drug. NTG has a veno-

dilatory action the onset of which is immediate while ESM reduces BP by negative 

chronotropism which takes some time for onset of action. The average fall in SBP was 

25.29% for NTG and 18.13% for ESM group. Though the SBP fall was higher in the NTG 

group, dryness of the surgical field as reported by the operating surgeon was superior in the 

ESM group. The mean basal DBP values for NTG and ESM groups were 77.23+/-6.06 and 

79.20+/-5.78 respectively. The mean DBP fall during the hypotensive period was 22.41% and 

15.25% respectively for NTG and ESM groups. This difference was statistically significant. 

The basal MAP values of NTG and ESM groups were 93.53+/- 5.26 and 92.87+/-4.42 mm 

Hg. This difference in MAP was clinically and statistically insignificant. On examining the 

MAOP of both the groups, we found that ESM group achieved the target SFR of 2 or below 

at higher MAP values, and hence the MAP was not further lowered in this group. To achieve 

similar operative dryness, MAP had to be reduced to much lower levels in the NTG group. 

On an average, the mean MAP of the ESM group in the hypotensive period was 77.26+/-7.26 

mm Hg while that for NTG group was 70.82+/- 10.15 mm Hg. This corresponds to a 16.80% 

and 24.28% fall respectively from baseline mean MAP values.  

Our results pertaining to the heart rate SBP, DBP and MAP are coherent with the results 

published by Guney et al. [7], and Srivastava U et al. [8]. 

A close relationship between reduced MAP values and the quality of surgical field was shown 

by Sieskiewicz et al. [10]. Improved surgical field quality with an MAP of 50-60 mm Hg with 

NTG in nasal surgeries has also been the observation of Cincikas D, Ivaskevicius J [11]. In 

their study comparing the effects of Esmolol and SNP with a target MAP of 55-65 mm Hg 

during orthognathic surgery, Blau et al. [12] reported the average MAP as 58.7+/-0.7 mm Hg 

with Esmolol and said that the reduction of blood loss with Esmolol was more effective. In 

our study, we were able to achieve favourable operative conditions with a MAP of 74.81+/-

1.23 versus 67.71+/-3.42 (30min), 71.79+/- 13.10 versus 64.42+/-2.25 (45min), 74.95+/-1.33 

versus 64.41+/-1.59 (60min), 75.35+/-1.29 versus 64.97+/-1.91 (75min), 76.66+/-1.42 versus 

66.39+/-1.53 (90min). on an average, we found that similar operative visibility was obtained 

in the ESM group with much higher MAP than in the NTG group. This too was consistent 

with the findings of Guney et al. [7] and Srivastava U et al. [8].  

 

Conclusion 

 

There was significant drop in the heart rate in ESM group from 10th min onwards through out 

the surgery while in NTG group, a slight raise was noted in the heart rate. The target MAP 

was attained much earlier in NTG group than in ESM group. The SBP and DBP effects were 

also similar.  
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