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ABSTRACT-   

Tracheal extubation is as important part of general anaesthesia as that of intubation. Tracheal extubation 

is commonly carried out after surgery and anaesthesia when effects of muscle relaxant is fully reversed 

and the patient is maintaining an acceptable respiratory rate and depth. The present study was 

undertaken to evaluate efficacy of nitroglycerine (NTG) spray for attenuating haemodynamic response 

to tracheal extubation in normotensive and hypertensive patients. The haemodynamic changes during 

tracheal extubation occur due to reflex sympathetic discharge caused by epipharyngeal and 

laryngopharyngeal stimulation. 

 

KEYWORD -  Tracheal Extubation, Nitroglycerine (Ntg) Sublingual Spray, Heamodynamic Response 

 INTRODUCTION 

Tracheal extubation is the translaryngeal removal of a tube from the trachea via the nose or 

mouth and associated with awakening, pain, anxiety, airway irritation which may cause a cough or 

difficulties in breathing and may contribute to an increase in haemodynamic response.So, during 
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extubation also haemodynamicresponses occur, but relatively less attention is given to this in 

comparison with tracheal intubation. 

This increase in sympathoadrenal activity may result in hypertension, tachycardia and 

arrhythmias. This increase in blood pressure and heart rate are usually transitory, variable and 

unpredictable. It is more hazardous in a patient with hypertension, myocardial insufficiency or 

cerebrovascular diseases. 

Therefore, attenuation of this haemodynamic responses to tracheal extubation such as 

hypertension, tachycardia and arrhythmias is important for an anesthesiologist. 

Haemodynamic response occuring during intubation can be attenuated with number of drugs like 

profopol, midazolam, fentanyl nitroglycerine (NTG), lignocaine, use of Beta-blockers etc. During 

extubation we have limited options, as the agents to be used to attenuate haemodynamic response should 

be – 

1) Non anaesthetic & Non sedative 

Shorter acting3) No respiratory depressant action. 

Therefore sometimes intravenous agents like esmolol, lignocaine and diltiazem which fulfill 

these criteria are used in patients who are likely to develop hypertension at the time of extubation. 

The non-pharmacological methods is smooth and gentle extubation,. None of these above 

mentioned approaches have been proved entirely satisfactory. All of them require time for preparation 

and administration. Hence, the search for an ideal agent to attenuate the haemodynamic responses is still 

continuing. 

Intravenous NTG is used since many years for attenuating raised blood pressure during 

intraoperative period. Intravenous or sublingual NTG has been used for attenuating hypertensive 

response during laryngoscopy, tracheal intubation & also for controlling hypertension during extubation 

while studying efficacy of other drugs. 

Nitroglycerine generate NO (Nitric oxide) in vascular smooth muscle which produce 

vasodilatation leading to decrease in blood pressure. Nitroglycerin has been also found to relax tracheal 

and bronchial smooth muscle and hence it has been used to prevent laryngospasm by some 

anaesthesiogists.14 NTG sublingual spray is a simple, easy to use formulation mainly aimed for 

treatment of acute anginal episodes. It is also marketed to treat acute hypertensive crisis and also to treat 

diabetic neuropathic pain with local application. 

We postulated that this spray can be used prior to extubation to attenuate haemodynamic 

responses during extubation in postsurgical patients. 

Hence the present randomized, controlled study was undertaken to evaluate effects of sublingual 

nitroglycerin spray given prior to reversal of neuromuscular blockade on tracheal extubation response in 

normotensive & hypertensive patients & to study its efficacy, safety and side effects if any associated 

with it. 
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Nitroglycerin was first synthesized in 1846 by Sobrero. He observed that a small quantity placed 

on the tongue elicited a severe headache. Constantin Hering, in 1849, tested nitroglycerine in healthy 

volunteers, observing that headache was caused with 'such precision' in all the volunteers. Hering 

pursued nitroglycerine (NTG) as a homeopathic remedy for headache, believing that its use fell within 

the doctrine of 'like cures like'. Alfred Nobel joined Pelouze in 1851 and recognized the potential of 

NTG. He began manufacturing NTG in Sweden, overcoming handling problems with this patent 

detonator. In 1857, T. Lauder Brunton of Edinburgh administered amyl nitrite by inhalation and noted 

that anginal pain was relieved within 30 to 60 seconds. The action of amyl nitrite was transitory and the 

dosage was difficult to adjust. In 1876 William Murrell surmised that the action of nitroglycerin 

mimicked that of amyl nitrite and established the use of sublingual nitroglycerin for relief of the acute 

anginal attack and as a prophylactic agent to be taken prior to exertion. The empirical observation, that 

organic nitrates could dramatically and safely alleviate the symptoms of angina pectoris, led to their 

widespread acceptance by the medical profession. Ferid Murad discovered the release of nitric oxide 

(NO) from NTG and its action on vascular smooth muscle (1977). Robert Furchgott and John Zawadski 

recognized the importance of the endothelium in acetylcholine-induced 

vasorelaxation (1980) and Louis Ignarro and Salvador Moncada identified endothelial-derived 

relaxing factor (EDRF) as NO (1987). 

Glyceryl trinitrate remains the treatment of choice for relieving angina; other organic esters and 

inorganic nitrates are also used, but the rapid action of NTG and its established efficacy make it the 

mainstay of angina pectoris relief. The importance of 

NO as a signaling molecule in the cardiovascular system was recognized and awarded 1998 Nobel Prize 

in medicine/physiology to Robert Furchgott, Louis Ignarro, and Ferid Murad.  

P H A R M A C O L O G Y  O F  N I T R O G L Y C E R I N  

Proper name: Nitroglycerin Physicochemical 

properties(11,32) 

A colorless, slightly volatile odorless oily liquid, with a sweet burning taste, soluble in alcohol, 

acetone, chloroform, ether and glacial acetic acid and sparingly soluble in glycerol and liquid 

petrolatum. 

Molecular formula: C3H5N3O9 

Molecular mass: 227.1 Chemistry(11,32) 

These agents are simple nitric and nitrous acid esters of polyalcohols.  

Nitroglycerin is considered as prototype of the group. Nitroglycerin is used in the manufacture of 

dynamite, but the formulations used in medicine are not explosive. The conventional sublingual tablet 

form of nitroglycerin may lose potency when stored, due to volatilization and adsorption to plastic 

surfaces. Therefore, it should be kept in tightly closed glass containers. Nitroglycerin is not sensitive to 

light. 
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All therapeutically active agents in the nitrate group have identical mechanisms of action and 

similar toxicities. Therefore, pharmacokinetic factors govern the choice of agent and mode of therapy 

when using the nitrates. 

Pharmacokinetics(11,32) 

The liver contains a high-capacity organic nitrate reductase that removes nitrate groups in a 

stepwise fashion from the parent molecule and ultimately inactivates the drug. Therefore, oral 

bioavailability of the traditional organic nitrates is very low (< 10–20%). For this reason, the sublingual 

route, which avoids the first-pass effect, is preferred for achieving a therapeutic blood level rapidly 

within a few minutes. However, the total dose administered by this route must be limited to avoid 

excessive effect; therefore, the total duration of effect is brief (15–30 minute). 

 

Nitroglycerin- In humans, peak concentrations of nitroglycerin are found in plasma within 4 minutes of 

sublingual administration; the drug has a half-life of 1 to 3 minutes. The onset of action of nitroglycerin 

may be even more rapid if it is delivered as a sublingual spray rather than as a sublingual tablet. 

Dinitrate metabolites, which have about one-tenth the vasodilator potency, appear to have half-lives of 

approximately 40 minutes.  

MECHANISM OF ACTION IN SMOOTH MUSCLE 

Nitroglycerin is denitrated by glutathione S -transferase in smooth muscle and other cells. Free nitrite 

ion is released, which is then converted to nitric oxide. A different unknown enzymatic reaction 

releases nitric oxide directly from the parent drug molecule. As shown in figure 4.1 nitric oxide (or an S-

nitrosothiol derivative) causes activation of guanylyl cyclase and an increase in cGMP, which are the 

first steps toward smooth muscle relaxation. The production of prostaglandin E or prostacyclin (PGI2) 

and membrane hyperpolarization may also be involved. There is no evidence that autonomic receptors 

are involved in the primary nitrate response. However, autonomic reflex responses, evoked when 

hypotensive doses are given, are common.Nitroglycerin relaxes all types of smooth muscle regardless of 

the cause of the preexisting muscle tone. It has practically no direct effect on cardiac or skeletal muscle. 

HAEMODYNAMIC EFFECTS:  

The nitrovasodilators promote vascular smooth muscle relaxation. Low concentrations of nitroglycerin 

preferentially dilate the veins more than the arterioles. This venodilation decreases left and right 

ventricular chamber size and end-diastolic pressures but results in little change in systemic vascular 

resistance. Systemic arterial pressure may fall slightly, and heart rate is unchanged or may increase 

slightly in response to a decrease in blood pressure. Pulmonary vascular resistance & cardiac output are 

slightly reduced. Doses of nitroglycerin that do not alter systemic arterial pressure often produce 

arteriolar dilation in the face and neck, resulting in a flush, or dilation of meningeal arterial vessels, 

causing headache. Higher doses of organic nitrates cause further venous pooling and may decrease 

arteriolar resistance as well, thereby decreasing systolic and diastolic blood pressure and cardiac output 

and causing pallor, weakness, dizziness, and activation of compensatory sympathetic reflexes. The 

reflex tachycardia and peripheral arteriolar vasoconstriction tend to restore systemic vascular resistance; 
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this is superimposed on sustained venous pooling. Coronary blood flow may increase transiently as a 

result of coronary vasodilation but may decrease subsequently if cardiac output and blood pressure 

decrease sufficiently. 

The indirect effects of nitroglycerin consist of those compensatory responses evoked by 

baroreceptors and hormonal mechanisms responding to decreased arterial pressure; this often results in 

tachycardia and increased cardiac contractility. Retention of salt and water may also be significant, 

especially with intermediate- and long-acting nitrates. 

 

NTG LINGUAL SPRAY PEN 

  

Nitrocin Lingual Spray pen(figure 4.2) is a metered dose spray containing 70 metered sprays of 

nitroglycerin. Each metered dose of 70µl of nitrocin lingual spray pen delivers nitroglycerin 0.4mg per 

spray in the form of spray droplets under the tounge (Nitrocin Spray pen, 0.4 mg /spray, Samarth 

Pharma, India). Onset of action is within one minute. At the time of first spray it is necessary to prime 

the spray (first spray in air). 

MATERIALS AND METHOD S -  

In this prospective, randomized, controlled, open study, efficacy of NTG sublingual spray on 

tracheal extubation response was evaluated in 120 ASA I & II normotensive and hypertensive patients, 

who had undergone elective surgery under general anaesthesia with tracheal Intubation after approval 

from institutional Ethics Committee for Human research. 

All patients under the study were subjected to thorough preanaesthetic assessment including 

detailed history, clinical examination and necessary investigations. 

Patients fulfilling following criteria were included in the study:-. 

x ASA status I & II. 

x Age between 20-60 years. 

x Weighing 40 – 80 kg 

x Undergoing elective surgery under general anaesthesia requiring tracheal intubation. 

The patients having any of the following criteria were excluded from the study:-x Unwilling to 

participate in the study 

x ASA III , IV & V 

x Preexisting haemodynamic instability 

x Having bleeding disorders 

x Patients on vasodilators e.g. sildenafil. 

x Who requires post operative ventilator support x Pregnant & 
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Lactating females 

Patients with uncontrolled severe hypertension, associated ischemic heart disease and unstable angina 

were considered ASA risk III and were therefore not included in the study. 

A Complete preoperative assessment was carried out with particular attention to 

haemodynamic parameters and relevant investigations were checked. Inclusion & exclusion criteria 

were assessed. Patients who were fulfilling inclusion & exclusion criteria were explained about study. 

Written informed consent was taken from those who were willing to participate in study. Sixty 

normotensive patients and 60 hypertensive patients were included in study. A patient was considered 

hypertensive if- 

1) Known hypertensive on regular antihypertensive treatment or 

2) At least 2 readings of blood pressure exceeding 140/90 mm of Hg during preoperative 

hospitalization period. 

Both these types of patients were randomly subdivided into two groups of 30 patients each - 

50% receiving NTG spray and 50% not receiving NTG the spray by chit block method using groups of 

20 chits. 

 DISCUSSION-  

 The present, prospective, randomized, controlled, open study was done to assess efficacy of 

sublingual nitroglycerin spray given at reversal of neuromuscular blocking agent on tracheal 

extubation response in two types of patients - normotensive patients and hypertensive patients 

undergoing elective surgeries under general anaesthesia. 

 Extubation is as important part of general anaesthesia as intubation, but is often not given equal 

care leading to several problems. The stimulation of the airway due to suctioning, coughing and 

straining associated with emergence from anaesthesia to lighter planes are often associated with 

increase in heart rate and blood pressure. In addition, the process of tracheal extubation itself 

often provokes hypertension and tachycardia just like tracheal intubation due to reflex 

sympathetic discharge caused by pharyngeal and laryngeal stimulation. 1,2,3,4 During these 

periods a 26-66% increase in heart rate and a 36-45% increase in systolic blood pressure are 

reported when no pretreatment is used to prevent this haemodynamic response.17 Although the 

precise mechanism responsible for tachycardia and hypertension following tracheal extubation is 

unknown, these haemodynamic changes may be associated with the release of catecholamines 

during this period.3,9 

 These cardiovascular responses to tracheal extubation though normally do not cause major 

consequences, they can be more hazardous in some select group of patients like hypertensive 

patients. 

 Especially in susceptible patients like hypertensive patients, ischaemic heart disease or cerebral 

vascular disease patients, these circulatory perturbations occasionally may lead to arrhythmias, 

myocardial ischaemia, heart failure, coughing, laryngospasm, bronchospasm or cerebrovascular 

accidents.1,3, The basic idea of using any drug for attenuating the hypertensive response to 
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tracheal extubation is that its peak effect should correspond to that of the stimulus. A 2-3 minute 

time gap is needed between administration of NTG sublingual spray and tracheal extubation as 

done in the present study, as this time interval was found to be satisfactory after preliminary 

clinical trials. Iwasaka et al23 also found similar time gaps for peak plasma concentrations after 

intranasal administration. Nitroglycerine is a commonly used intravenous agent in treatment of 

hypertension during anaesthesia. HR during extubation as compared with the control group. The 

inhibitory effect was found to be greatest in the diltiazem 0.2 mg/kg group while the extent of 

attenuation by diltiazem 0.1 mg/kg was similar to that by lignocaine. Lesser number of patients 

receiving diltiazem 0.2 mg/kg showed HR > 110 bpm, SBP > 150 mm Hg or DBP > 100 mm 

Hg. No patient showed profound hypotension or bradycardia requiring treatment. 

 Fujii et al in a similar study found diltiazem and lignocaine combination to be more effective 

than either drug alone.28 

 G. Guler et9 al found that heart rate and blood pressures increased significantly during 

extubation, but the blood pressure increase was significantly lower in patients receiving a single 

bolus dose of dexmedetomidine (0.5 mg/kg) than placebo group. However they observed 

bradycardia and hypotension requiring immediate treatment in few patients in whom 

dexmedetomidine was given. In four patients, the drug did not control the blood pressure 

effectively and SAP > 180 mmHg was observed in these four patients along with eight control 

 patients. Some of these patients were effectively treated with intravenous nitroglycerine. 

 Similar results were found by G. Turan10 with dexmedetomidine on hyperdynamic responses 

during extubation following intracranial surgery. They found that MAP & HR during extubation 

were significantly suppressed with dexmedetomidine as compared to saline control (P<0.01). 

 C. Arar et al5 observed that heart rate, systolic blood pressure, diastolic blood pressure and mean 

arterial pressure were lower when esmolol 1 mg/kg was given as infusion just prior to extubation 

as compared to magnesium 30 mg/kg (p<0.05) and saline group((p<0.001) during and after 

extubation in patients following coronary artery bypass grafting. 

 Thus, though some benefits have been observed with those, most of these approaches have not 

been proved entirely satisfactory, and the search for an ideal agent to attenuate the 

haemodynamic responses is still continuing. 

 The rapid sublingual absorption of nitroglycerine is almost equal to intravenous injection as 

noted by Blumenthal et al29 plasma nitroglycerine levels were almost instantaneously achieved 

after the 0.3 mg nitroglycerin sublingual tablet, reaching about 1 ng/ml at the first measured data 

point (3 min). Thereafter, the plasma levels declined rapidly and no measurable nitroglycerin 

levels were detected after 16 min. But the tablets have poor stability and a short half life, and 

absorption may be delayed, especially in patients who have dry mouths or are edentulous. 

 A new way of administration, nitroglycerin lingual spray avoids these problems and may retain 

the advantages of rapid absorption via the oral mucosa.30 NTG sublingual spray is having faster 

onset of action (2-3 minutes), higher peak response, shorter duration of action, no need to 
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prepare and is easy to administer as compared to any other preparation. The half-life of 4-5 

minutes gives us a convenient alternative to intravenous administration when prolonged therapy 

is not anticipated as in the situation of endotracheal intubation or extubation. It does not have any 

anaesthetic, sedative or respiratory depressant action making it a good choice of drug when a 

patient is recovering from anaesthesia. 

 . Thus the choice of the drug, route of administration and the timing used in present study seem 

to be justified. In the present study, SBP>1 80 mm Hg was considered dangerous and injection 

esmolol hydrochloride was used as a rescue drug to control hypertension. Ten patients -one 

patient in normotensive control group, two patients in hypertensive NTG and seven patients in 

hypertensive control group-showed such high blood pressure and required inj. esmolol. Even 

though statistically this numbers were not significant between the groups, clinically it suggests 

that high blood pressure may occur during extubation and there are increased instances where 

there was need to provide medication to control blood pressure, especially in hypertensive 

patients. Some of these instances can be reduced by prophylactic administration of a drug like 

NTG spray.  

 We found that after NTG, systolic blood pressure, diastolic blood pressure, mean arterial blood 

pressure were under control within two minutes of medication and remained close to baseline 

during extubation, whereas in control group systolic blood pressure, diastolic blood pressure, 

mean arterial blood pressure were found to be persistently high during extubation, coming to 

baseline after six minutes of extubation In this study the increase in heart rate following the 

administration of NTG was modest. This may be partly attributable in hypertensive patients to 

their preoperative antihypertensive therapy which in most cases involved beta-blockers and/or 

calcium antagonists. In addition, in the present study injection neostigmine and injection 

glycopyrrolate were given intravenously simultenously and as both the drugs affect the heart 

rate, the change produced by NTG was masked and the combine effect was noted. The principal 

advantage of the drug is that while a desirable and transient reduction in blood pressure is 

achieved, cardiac output is unlikely to decrease due to increase in heart rate. 

CONCLUSION- 

 There was a significant increase in heart rate, systolic, diastolic blood pressure and mean arterial 

pressure noted after stoppage of N2O in all four groups. In normotensive and hypertensive 

groups heart rate increased after NTG spray and reversal of neuromuscular blockade. Similarly 

both control groups also showed such increase after reversal. Increase in heart rate in 

normotensive NTG group, was not statistically significant, but was significant in hypertensive 

NTG group when compared with control groups during extubation. However, clinically this 

difference was minor. 

Sublingually administered nitroglycerin spray in a dose of 0.8 mg prior to extubation is an effective, 

practical, easy and relatively safe method in attenuate haemodynamic response to tracheal 

extubation. 
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 After surgery it stabilizes haemodynamics, allows easy extubation, provides a more comfortable 

recovery. Incidence of hypertension is more in hypertensive patients during extubation and hence 

prophylactic use of NTG spray can be recommended to prevent such hypertensive episodes. In 

normotensive patients probably it would be appropriate to use NTG spray if rising trend of blood 

pressure noticed. 
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