
International Journal of Biomedical Research
                      ISSN: 0976-9633  (Online)

    Journal DOI:10.7439/ijbr  CODEN:IJBRFA  
Research Article

Attenuation of hemodynamic responses to endotracheal extubation: 
A prospective randomised controlled study between two different 

doses of Verapamil 

Shruti Suhas Jajoo*, Ashok R. Chaudhari, Amol Singam and Aruna Chandak 

Department of Anesthesiology, Datta Meghe University of Medical Sciences, India.

*Correspondence Info:
Dr. Shruti Suhas Jajoo           
Department of Anesthesiology,
Datta Meghe University of Medical Sciences, India.
E-mail: shrutissj@yahoo.com 

1. Introduction
Problems associated with extubation, recovery and emergence are equally common as the problems at intubation; 

many aspects are controversial with no clear guidelines or protocols. Postoperative extubation of trachea is an important  
event in the course of general anaesthesia which causes a modest (10% to 30%) and transient (lasting approximately 5 to 15 
minutes) increase in the HR and BP.1-7 Normally these responses are transient in nature hence well tolerated by normo-
tensive healthy subjects.

The exact mechanism responsible for these hemodynamic responses is unknown, it may be associated with release  
of catecholamine occurring during this stressful  period.7-10 Acute hemodynamic changes during extubation can lead to 
dangerous arrhythmias,2-4 myocardial ischemia,3-4,7,10-13 acute cardiac failure,2,5,12 pulmonary edema8 or cerebrovascular 
haemorrhage14 in susceptible individuals. These responses can turn catastrophic in several situations like; ocular surgeries  
leading to dangerous increase in intraocular pressure;15 patients with cardiac disease3-4,10-12,16 or intracranial surgeries with 
raised intracranial pressure or for aneurysm surgeries14 or with essential hypertension who show an exaggerated response to 
this stressful event.13
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Abstract
Tracheal  extubation  causes  significant  hemodynamic  stimulation  resulting  in  transient  increase  in  blood 

pressure and heart rate. This randomized, controlled, double blind study was conducted to compare the attenuation of  
hemodynamic responses to tracheal extubation in 150 patients of ASA I and II, undergoing elective surgery by using 
either verapamil 0.05 mg/kg or 0.1mg/kg with control group receiving saline. On completion of surgery, anaesthetic  
agents were discontinued, residual muscle relaxation reversed.   The study drug was administered using double blind 
technique and patient  extubated 2 minutes later.  Changes in heart  rate (HR), systolic arterial pressure (SAP), mean 
arterial pressure (MAP) and rate pressure product (PR×SBP) were recorded during and after tracheal extubation. This 
study showed that both the doses of intravenous verapamil attenuated the increases in these variables. The inhibitory 
effect was greatest with verapamil 0.1 mg/ kg, while the alleviative effect of verapamil 0.05mg/ kg was inferior. These 
findings suggest that a bolus injection of verapamil 0.1 mg/kg given 2 min before tracheal extubation is a more effective  
prophylactic for attenuating the cardiovascular changes associated with extubation than 0.05mg/kg dose.
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mailto:shrutissj@yahoo.com
http://dx.doi.org/10.7439/ijbr
http://www.ssjournals.com/


Jajoo et al                                                                                                                                                                                                                                             664

A number of attempts have been tried to attenuate these cardiovascular responses; such as extubation in deeper  
planes of anaesthesia,17-18 avoiding or reducing duration of laryngoscopy before extubation19, use of laryngeal mask airway 
instead of endotracheal tube,20-22 topical airway anaesthesia with lignocaine,23-26 intra-cuff or intravenous lignocaine27-28. 
Pre-treatment with intravenous beta blockers29-33, small doses of intravenous narcotics like fentanyl or remifentanil prior to 
extubation34-36 intravenous calcium channel blockers37-41, use of vasodilators like nitrates, prostaglandins and magnesium 
sulphate42-44 have been tried to overcome these issue. But only a handful of them have been proved beneficial in preventing  
the response. This is  because,  this response is multifactorial  including pain of the wound, emergence from anesthesia,  
changes in body temperature,  use of drugs to antagonize the neuromuscular block, shift  from controlled ventilation to  
spontaneous ventilation and irritation caused by an endotracheal tube to the laryngotracheal mucosa.40

In  the  present  study,  we  have  attempted  to  evaluate  and  compare  the  ability  of  intravenous  Verapamil  
(phenylalkylamine group of calcium channel blocker) in two different doses of 0.05 mg/kg and 0.1 mg/kg, 2 minutes prior 
to extubation in attenuating cardiovascular response to postoperative tracheal extubation with the placebo groupundergoing 
elective non-cardiac surgery under general anaesthesia.

2. Material and Methods
The present prospective randomised controlled double blind comparative study conducted between October 2011 to 

January 2013at Department of Anaesthesia, Jawaharlal Nehru Medical College, Wardha; comprising 150 patients of ASA 
status I and II in the age range of 20 to 60 years weighing 40 to 80 kg, scheduled for elective non-cardiac surgery and 
requiring  general  anaesthesia  with  endotracheal  intubation  for  more  than  1  hour.  Approval  from  institutional  ethical  
committee was taken and the study was commenced. A pre-procedural systemic clinical examination was done and written  
informed valid consent was obtained from all the patients enrolled for the study. All patients with refusal for enrolment,  
allergic  to  the  study  drug,  laparoscopic  surgery,  difficult  airways,  history  of  hypertension,  bronchospasm,  cardiac  
arrhythmias, any cardiac disorder, or diabetes mellitus were excluded.

All the enrolled patients were randomly divided into three groups as control group (saline), group-I (IV verapamil 
0.05 mg/kg) and group-II (IV verapamil 0.1 mg/kg) of 50 each. Preoperative and perioperative parameters like heart rate 
(HR), Systolic Blood Pressure (SBP), mean arterial pressure (MAP) were recorded and rate pressure product (PRXSBP = 
RPP) was calculated. After achieving intravenous access patient was pre-medicated followed by induction of anaesthesia, 
laryngoscopy and intubation.Those patients who required multiple attempts for intubation and duration of laryngoscopy 
more than 15 seconds were excluded from study. Patients were ventilated using a 40: 60 mixture of oxygen and nitrous  
oxide using Bain’s circuit and controlled ventilation at flow rates of 100 ml/kg/min. Muscle relaxation was provided using  
IV Vecuronium in loading dose of 0.1 mg/kg followed by increments  of 0.02 mg/kg and Sevoflurane was used as an 
inhalation agent for maintenance (between 1 to 2% dial setting) to maintain a target HR and SBP of ± 20% from base line.

The study drug was injected 2 minutes prior to the extubation i.e. either Verapamil (0.05 mg/kg or 0.1 mg/kg made 
to volume of 5 ml with normal saline) or normal saline 5 ml was injected over 30 seconds. The patients were divided  
randomly in 3 groups each consisting of 50 patients.Patients were given 100% oxygen between injection of drug and 
tracheal extubation. After oropharyngeal suction the tracheal tube was gently withdrawn. Quality of extubation was rated as  
1: no cough or strain, 2: minimal coughing, 3: moderate coughing, 4: marked coughing or straining and 5: poor extubation  
with laryngospasm. The hemodynamic parameters were recorded at the time of extubation (T-0), one (T-1), three (T-3), five  
(T-5) and ten (T-10) minutes post extubation. The data was recorded and analysed with SPSS 18.0 and statistical analysis  
was done by one way analysis of variance (ANOVA), followed by Tukey’s Multiple Comparison Test for parametric and  
nonparametric data; p-value of < 0.05 was considered as statistically significant.

3. Results
Majority of patients 78%, 70% and 86% of patients in control, group-I and group-II respectively, belonged to age  

group 21-50 years. The male: female sex ratio for control group 1:0.61, group-I 1:1.27 and group-II 1:1.38. Mean weight of  
the patient were comparable for all three groups, majority were in 41-60 kg range. (Table 1)
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Table 1: Epidemiological details of patients

Control Group-I Group-II
Age (Mean/ SD) 36.88 ±12.54 39.94±12.20 35.24±9.99

Gender
Male 31(62%) 22(44%) 21(42%)

Female 19(38%) 28(56%) 29(58%)
Weight (Mean/ 

SD)
49.78±7.35 52.04±5.83 50.90±5.54

Prepoperative mean HR, SBP, MAP and RPP were comparable pre-operatively. Similarly no statistically significant 
difference was observed in any of these parameters till the time of extubation; however statistically significant decrease was 
observed at 1 minute post extubation in group-II when compared to control and group-I (p<0.05).At 3, 5 and 10 minutes 
after extubation  both group-I and group-II showed statistically significant decrease in mean HR as compared to control 
group (p<0.05); however the fall was more in group-II as compared to group-I (p<0.05)(Figure 1& 2).

During the course of the study none of the patients in the study groups receiving verapamil developed profound 
hypotension  [SBP  <80  mmHg],  bradycardia  [HR  <  50  beats/min],  sinoatrial  or  atrioventricular  block  requiring  
sympathomimetic drugs during tracheal extubation or prolongation of time for extubation or recovery.

Figure 1: Comparison of changes in mean Heart Rate of the patients in three groups at various time intervals

Figure 2: Comparison of changes in mean SBP of the patients in three groups at various time intervals
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3. Discussion
An anaesthesiologist quite frequently experience problems after tracheal extubation; tracheal  intubation and its 

problems have received much attention as compared to tracheal extubation which has relatively been less emphasized.  
Though tracheal extubation seems to be a benign procedure,  multiple studies have shown that it  can cause significant  
increase in BP and HR which may persist till the recovery period.1-6

High  degree  of  sympathetic  stimulation,  as  evidenced  by  tachycardia,  hypertension  and  increased  levels  of  
circulating catecholamines during extubation may prove to be detrimental to their health or to the successful outcome of 
surgery.Hypertensive subjects exhibit an exaggerated response to laryngoscopy and intubation as well as to awakening and  
extubation compared to normotensive patients.7,13,45Increase in BP, HR and RPP which is a  multiple of SBP and HR 
increases the cardiac workload and the oxygen demand of the myocardium; increasing the risk of developing a fresh episode 
of myocardial ischemia and infarction in known patients of ischemic heart disease due to a fixed coronary blood flow, along 
with  fall  in  cardiac  index  and  ejection  fraction.3-4,10-12,16Therefore,  perioperative  measurement  of  RPP  is  of  vital 
importance. 

Several researches have advocated the use of calcium channel blockers to control tachycardia and hypertension 
occurring during extubation.37-41 However, IV verapamil has short onset of action of about 30 seconds, peak action in 2-3 
minutes,  brief duration of  action due to rapid redistribution i.e.  up to 15 minutes,  excellent  negative chronotropic and 
negative ionotropic effect, single bolus dose, selectivity towards cardiovascular system, easily stored and cost effective.46-48

Intravenous  Verapamil  is  known to  cause  synergistic  bradycardia  and  hypotension,46-49thismay however  be  a 
disadvantage in patients in whom cardiac depression is undesirable (e.g. those with congestive cardiac failure). However the 
study was conducted in ASA class I and II patients who are less likely to develop cardiac depression with the use of IV 
verapamil.Similarly, study was conducted till 10 minutes post-extubation period because of the fact that IV verapamil has  
rapid early redistribution in 4-5 minutes suggesting that adverse effects like hypotension and bradycardia are less likely to  
occur beyond the study period.47-48

After  intubation  significant  rise  in  mean  HR,  SBP,  MAP and  RPP in  all  three  groups  were  comparable  to 
preoperative values; this response was expected as no prophylactic measure was taken to attenuate the tachycardia due to  
laryngoscopy and intubation50 and at the end of the surgery and at the time of extubation also there was rise in all the  
parameters which were comparable in three groups.A single dose of 0.05 mg/kg or 0.1 mg/kg of verapamil given 2 minutes  
prior to extubation was able to attenuate this rise in HR, SBP , MAP and RPP as compared to control group; however  
0.1mg/kg dose showed more significant attenuation. HR, SBP , MAP and RPP at extubation was reduced at 1 minute with 
0.1mg/kg dose and at 3 minutes with 0.05mg/kg dose after extubation, similarly seen in study by Mikawa et al38 which 
showed that alleviation of pressor response was greater with verapamil 0.1 mg/kg, while the effect of verapamil 0.05 mg/kg 
dose was inferior. These observations were also found in other studies supporting 0.1mg/kg dose of IV verapamil as safe 
and effective for reducing pressure response to extubation with no incidence of bradycardia or hypotension.39,51-53

Verapamil  has negative dromotropic and ionotropic effects, vasodilating properties,  ability to increase the P-R 
interval  and  produce  AV block.  In  fact  reflex  activation of  the  sympathetic  nervous  system may be  necessary during 
verapamil  therapy to  maintain  normal  conduction.54 However,  in  our  study,  none  of  the  patients  receiving verapamil 
developed profound hypotension [SBP <80 mmHg], bradycardia [HR < 50 beats/min], sinoatrial or atrioventricular block 
requiring sympathomimetic drugs during tracheal  extubation which is supported by various other studies.39,55  Calcium 
channel blockers may,  under certain circumstances,  potentiate hemodynamic and MAC depressive effects of inhalation  
agents and the effects of neuromuscular blocking agents.50 However in our study none of the patients showed delayed 
recovery from anesthesia which is supported by a study conducted by Kanayaet al.56This study showed that a therapeutic 
dose  of  nicardipine  or  verapamil  could  safely  be  given  intravenously  to  the  patients  under  vecuronium-induced 
neuromuscular blockade.

5. Conclusion
Thus, from our study we conclude that in patients with ASA physical status I and II intravenous bolus doses of 

verapamil 0.1 mg/kg and 0.05mg/kg given 2 minutes prior to extubation is a simple, safe, cheap and effective prophylactic 
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method  for  attenuating  the  hemodynamic  responses  to  extubation  with  no  noticeable  adverse  effects.  However,  the  
alleviation is greater with 0.1 mg/kg of IV verapamil than with 0.05mg/kg dose. Hence this drug is a useful adjunct to our 
therapeutic armamentarium.
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