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INTRODUCTION

Excessive blood in the field of operation obscures 
visibility and may lead to complications during 
functional endoscopic sinus surgery (FESS).[1] Hence, 
an almost bloodless surgery would provide the surgeon 
with a clear field minimising the risk of injury to vital 
structures, minimising the intra-operative blood loss 
and the surgical time. ‘Bloodless surgical field’ can be 
achieved by inducing controlled hypotension with 
various agents such as inhalational anaesthetics,[2] beta 
blockers, magnesium, total intravenous anaesthetic 
agent such as propofol,[3,4] vasodilators such as nitrate 
and sodium nitroprusside[5] and alpha 2 agonists such 
as clonidine and dexmedetomidine. Inhalational agents 
used on their own can cause a delay in awakening 

and shivering during the recovery period. Metoprolol 
is one of the commonly used drugs to reduce cardiac 
output, heart rate and blood pressure (BP). Its effect is 
neither quick nor long lasting and it cannot be given as 
an infusion. Vasodilators, such as nitrates and sodium 
nitroprusside, are short-acting agents requiring 
infusions for a continuous steady state plasma 
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ABSTRACT

Background and Aims: Controlled hypotension with balanced anaesthesia minimises blood loss. 
This study was done to evaluate the effectiveness of intravenous clonidine as a single bolus dose to 
establish controlled hypotension during functional endoscopic sinus surgery (FESS). Methods: This 
randomised, double-blind, placebo-controlled study was done in a tertiary hospital in India. Sixty 
American Society of Anesthesiologists physical status I and II patients (18–65 years) undergoing 
FESS were randomly allocated to one of the two groups. Placebo group (group A, n = 30) 
received sterile water whereas the clonidine group (group B, n = 30) received 3µg/kg of clonidine 
intravenously, 30 min prior to induction of anaesthesia. The primary outcome was to achieve 
a target mean arterial blood pressure (MAP) of 55–65 mmHg intraoperatively. The secondary 
outcomes measured were requirement of additional fentanyl and metoprolol, intra-operative 
blood loss, surgeon’s opinion on the surgical field, pain, sedation score and complications 
requiring treatment. Results: Target MAP was easily achieved in clonidine group as against 
the placebo group (P < 0.001). Significant reduction in intra-operative blood loss (P = 0.0449), a 
better surgical site scoring (P = 0.02), less requirement of additional hypotensive drugs and good 
analgesia (P = 0.01) were seen in clonidine group. The complication rates were similar in both 
the groups. Conclusion: Clonidine is effective in achieving controlled hypotension in patients 
undergoing FESS. It reduces intra-operative blood loss, requirement of additional hypotensive 
drugs, improves the surgical field and offers good analgesia without significant side effects.
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concentration and their effect can be immediately 
terminated on stopping the infusion. They cause a 
rapid fall in the systemic vascular resistance (SVR) 
and BP requiring titration of the rate of infusion and 
beat-to-beat BP monitoring. Propofol reduces SVR 
resulting in fall of BP and causes dose-dependent 
cortical depression also. However, the recovery from 
propofol is rapid due to redistribution. Therefore, for 
a continuous hypotensive effect, propofol infusion 
with a target plasma concentration is required which 
may become expensive. In addition, metoprolol and 
propofol lack analgesic properties.

Alpha 2 agonists have potentially favourable effects. 
In addition to their hypotensive effect, they have 
analgesic and sedative properties. They provide 
haemodynamic stability as a result of the central 
sympatholytic effect. Clonidine and more recently 
dexmedetomidine have been used in anaesthetic 
practice to achieve controlled hypotension.[6] In this 
study, we evaluated the hypotensive effect of single 
bolus dose of clonidine in patients undergoing FESS.

METHODS

This study was a randomised, double-blind, 
placebo-controlled interventional trial. After obtaining 
approval from the research and ethics committee of 
our institution, it was registered in the Clinical Trial 
Registry of India as CTRI/2012/07/002790. Sixty 
American Society of Anesthesiologists class I and II 
patients who were scheduled for FESS were enrolled 
in the study.

The inclusion criteria were all adults, in the age group 
of 18–65 years, undergoing limited or full FESS. 
Patients with hypertension, diabetes with autonomic 
dysfunction, patients on beta-blocker therapy, those with 
heart blocks, ischaemic heart disease, on pacemakers 
and parturients were excluded from the study.

A written consent was obtained, and the patients 
were pre-medicated with diazepam (0.1 mg/kg) and 
metoclopramide (0.1 mg/kg) orally, an hour prior to 
induction of anaesthesia. The patients were randomly 
allocated to the comparator group (placebo n = 30) or 
intervention group (clonidine n = 30).

A computer-generated randomisation table was 
generated prior to commencement of the study by the 
statistician and concealed in sealed opaque envelopes. 
The patients were randomised into two groups 

using block randomisation. A qualified anaesthesia 
technician not involved in the operation list opened 
the sealed envelope and loaded the assigned drug. The 
patients received either the placebo or the study drug 
based on the randomisation. Patients, all medical and 
paramedical personnel in operating room, recovery 
room and the primary investigator were blinded to the 
intervention.

In the operating room, routine pre-operative monitoring, 
namely, electrocardiogram, non-invasive BP and 
pulse-oximetry (Philips Viridia V24C) were established. 
A peripheral intravenous cannula was inserted and 
intravenous fluid was commenced. Baseline vital 
parameters as mentioned above were recorded and 
repeated every 5 min from the pre-anaesthetic to 
intra-operative period till the patient was shifted 
to the recovery room. Based on randomisation, the 
patients received 3 µg/kg of clonidine or an equal 
volume of sterile water for injection intravenously 
30 min prior to induction of anaesthesia, administered 
over 10 min. General anaesthesia was induced with 
intravenous thiopentone (5 mg/kg) and fentanyl (up 
to 1.5 µg/kg). After ensuring the ability to ventilate, 
endotracheal intubation was facilitated with IV 
vecuronium (0.1 mg/kg). Anaesthesia was maintained 
with oxygen, air and isoflurane (Datex Ohmeda 
Excel 210 SE). End-tidal anaesthetic concentration 
was monitored to maintain a minimum alveolar 
concentration (MAC) of 1.0 of isoflurane during the 
surgery (Philips Anaesthesia Gas Module M1026B).

All patients were given a 15° reverse Trendelenburg 
position to improve the venous drainage. Balanced salt 
solution at 3 ml/kg/h IV was given intraoperatively. 
Further doses of fentanyl in 10–20 µg IV aliquots 
were given up to a total of 4 µg/kg at 10 min interval 
for control of mean arterial pressure (MAP) between 
55 and 65 mmHg.

If MAP control was not achieved after a total of 4 µg/kg 
of fentanyl and isoflurane MAC of 1.0, metoprolol IV 
in 0.5 mg boluses was administered. If the BP was not 
in the target range with the above measures, 10 mg IV 
boluses of propofol were administered. If there was 
sinus bradycardia of <50/min, it was treated with 
atropine (0.02 mg/kg) IV, and if MAP was <55 mmHg, 
the inspired isoflurane concentration was reduced 
by 0.5%, till MAC reached 0.75. If hypotension 
persisted, ephedrine 3 mg in incremental dosage 
was administered. At the end of the procedure, the 
anaesthetic agent was discontinued, throat pack was 
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removed and residual paralysis was reversed with 
IV neostigmine (0.05 mg/kg) and IV glycopyrrolate 
(0.02 mg/kg). The patients were extubated when 
awake and were monitored in recovery room. Vital 
parameters, namely, BP, pulse rate, respiration and 
oxygen saturation were measured at 5 min interval 
from the time of intervention till discharge to the ward. 
Sedation and pain scores were measured in recovery 
room.

Blood loss was estimated by measuring the volume in 
the suction bottle and the number of swabs soaked in 
blood accounting for any saline flush use during the 
procedure. The surgeons graded the surgical field at 
the end of the procedure using Fromme–Boezaart scale 
[Annexure 1].[7] Clear surgery field with no suctioning 
required was defined as ‘bloodless’ field.

Pain was assessed using the numerical rating scale 
(NRS) from 0 (no pain) to 10 (worst pain imaginable) 
and sedation was assessed using Brussel’s sedation 
score [Annexure 2].[8]

The primary outcome was the achievement of 
controlled hypotension with MAP of 55–65 mmHg. 
The secondary outcomes measured were blood loss, 
usage and dose of metoprolol and fentanyl, volatile 
anaesthetic requirement, quality of the surgical field, 
analgesia in the immediate post-operative period 
and incidence of complications/side effects, namely, 
prolonged sedation, bradycardia and hypotension.

Sample size was calculated based on a previous study 
which was done on a European population.[9]

To find a difference of 40% in hypotension between 
the study groups, sample size was calculated to be 
30 in each group. Power of the study was assumed to 
be 80% and level of significance was fixed at 5%.

Normally distributed values were summarised using 
mean with standard deviation (SD). Variables with 
skewed distributions were described with median 
and range. Chi-square test was used to compare 
outcome variables. All calculated P values were 
two sided. Analysis was done using STATA 10.0 
(Statacorp, College Station, TX, USA). Intention-to-treat 
analysis was used for all the outcomes.

RESULTS

Thirty patients who were allocated to placebo group 
received placebo and were analysed as Group A. 

Similarly, clonidine group received clonidine as the study 
drug and was analysed as Group B. Analysis was done 
on an intention-to-treat basis. There was no crossover or 
interchange of the intervention drug [Figure 1].

The most common pre-operative diagnosis in both 
the groups was chronic sinusitis and nasal polyposis. 
There was no statistical difference in the pre-operative 
diagnosis criterion. The age, gender and body weight 
were comparable between the two groups.

Target BP was achieved in 2 patients in Group A 
(placebo group) and 14 patients in Group B (clonidine 
group) with the induction dose of fentanyl alone 
(P < 0.001). In 13 patients from Group B, target BP 
was achieved with additional fentanyl up to a total 
maximum dose of 4 µg/kg compared to six in Group A 
(P < 0.001). Only one patient in Group B as against 
20 in Group A needed metoprolol to achieve target 
BP (P < 0.001). The trend of mean arterial BP (MAP) 
between the two groups is shown in Figure 2. In two 
patients in group A and one patient in group B, propofol 
was administered to control BP when fentanyl and 
metoprolol failed to control BP [P = 0.55, Table 1].

Median blood loss was significantly less 
(63.5 mL [range: 40–200 mL]) in Group B as compared 
to (180 mL [range: 70–300 mL]) Group A (P = 0.0449). 
Eleven patients in Group B and 3 in Group A had an 
excellent field of surgery (P = 0.02).

Figure 1: Participant flow
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potential benefits in terms of duration of procedure, 
less complications and transfusion requirements. 
Inhalational anaesthetic technique based on agents such 
as isoflurane, total intravenous anaesthetic technique 
using propofol, drugs with primary cardiovascular 
effect such as beta-blockers and vasodilators such as 
glyceryl trinitrate and sodium nitroprusside are being 
employed in surgeries such as FESS. However, the 
need of better results and improvement in the surgical 
field has always been a reason for further research.

FESS is the treatment modality that is preferred for 
the inflammatory disease of the paranasal sinuses.[10,11] 
Any operation involving the nasal mucosa results in 
a severe sympathetic response causing tachycardia 
as well as hypertension, and being very vascular, 
the nasal and paranasal regions tend to bleed easily. 
This has led to studies on many drugs that can be 
used for minimising bleeding by achieving controlled 
hypotension. Clonidine has sedative and analgesic 
properties in addition to the hypotensive effect. This 
study was designed to evaluate the hypotensive effect 
of clonidine when used with balanced anaesthesia, 
along with its other benefits. A body weight-based dose 
of clonidine through intravenous route administered 
30 min before induction was chosen to maximise the 
bioavailability and standardise the timing and dose of 
clonidine. Dexmedetomidine is another α 2 agonist 
drug which has been used successfully for controlled 
hypotension in endoscopic sinus surgeries.[12] The 
cost factor and the requirement of an infusion are the 
undesirable features of dexmedetomidine. Clonidine is 
less expensive and is used as a one-time bolus, which 
is an advantage, especially in developing countries.

In this study, it was possible to achieve the target mean 
BP of 55–65 mmHg in all the patients. There was a 

There was a significant difference in the pain score 
in both the groups in the immediate post-operative 
period, with NRS score ranging from 0 to 5 in 
patients from Group A and 0–3 range in patients 
from Group B (P = 0.01). Out of sixty patients, only 
six patients required lower anaesthetic concentration 
(isoflurane MAC <1.0) at one set point of time. One 
patient in Group A and 5 in Group B needed <1 MAC 
isoflurane at 1 h. This was not statistically significant. 
There was no difference seen in heart rate between the 
two groups.The trend of heart rate between the two 
groups is shown in Figure 3.

In terms of side effects, three patients in Group A and 
two in Group B had a prolonged duration of sedation. 
Nine patients in Group A and 10 in Group B had 
hypotension needing treatment. None in Group A and 
one patient in Group B had bradycardia. All these side 
effects were not statistically significant.

DISCUSSION

Controlled hypotension has become a very helpful 
technique in surgeries where a bloodless field is 
desired. Hypotensive techniques are used widely in 
procedures where major blood loss is expected or to aid 
a ‘bloodless surgical field’. Minimising blood loss has 

Table 1: A comparison of requirement of additional 
hypotensive drugs for attainment of controlled 

hypotension
Drugs Group A 

(n=30) (%)
Group B 

(n=30) (%)
Fentanyl (induction dose 
common to both groups)

2 (6.67) 14 (46.67)

Additional fentanyl 6 (20) 13 (43.33)
Additional metoprolol 20 (66.67) 2 (6.67)
Additional propofol 2 (6.67) 1 (3.33)
Group A – Placebo group; Group B – Clonidine group

Figure 2: Mean arterial pressure (mmHg) trend in the two groups. 
X axis: time (min) Y axis: MAP mean (mmHg)

Figure 3: Mean heart rate (beats/min) trend in the two groups. X axis: 
time (min) Y axis: Mean heart rate (beats/min)
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decrease in MAP in the first 30 min of pre-induction 
period in clonidine group, whereas in placebo group, 
MAP remained the same as baseline. The target 
MAP was readily achieved in most patients in the 
clonidine group whereas in placebo group many 
patients required boluses of metoprolol to achieve 
the target MAP. This suggested that, at different 
intervals, there were periods of high MAP readings 
that warranted the use of metoprolol more so in 
placebo group, which is similar to a previous study 
done in European population where the requirement 
of metoprolol was significantly less in clonidine group 
(P < 0.00035).[9] The majority of patients in clonidine 
group did not require metoprolol. Hence, clonidine 
was able to achieve controlled hypotension solely 
along with balanced anaesthetic technique. However, 
there were two patients in group A and one patient in 
group B, who needed propofol in addition to fentanyl 
and metoprolol to achieve the target MAP.

Out of 30 patients, 28 patients in placebo group 
required additional fentanyl, whereas in the clonidine 
group, only 16 out of 30 patients required extra 
fentanyl, in addition to the induction dose. This is 
similar to a study where clonidine was effective in 
reducing the requirement of fentanyl, isoflurane 
and beta-blockers.[13] This study conducted on 
adolescent children showed that clonidine reduced 
the requirement of fentanyl, isoflurane and labetalol. 
Our study did not show significant reduction in the 
requirement of isoflurane between the two groups.

Our study showed no significant difference between 
the two groups in terms of heart rate measured at 
different time intervals as opposed to a previous study 
where beta-blockers were used for hypotension in 
FESS.[14] Their study showed a significant difference 
in overall mean heart rate between the placebo and the 
beta-blocker groups (P < 0.0001). In the entire group, 
surgical grade correlated with heart rate (r = 0.36, 
P < 0.05) but not with MAP. Surgical grade was 
significantly better in those with a mean heart rate 
of <60 beats/min (P < 0.02).

Hypotension requiring treatment was seen in 30% of 
patients in placebo group and 33.3% of patients in 
clonidine group, which was not statistically significant. 
In one of the previous study done on use of inhalational 
agent in FESS, controlled hypotension was achieved 
in thirty patients undergoing FESS using isoflurane 
with mean inspired isoflurane of 3.8%.[2] As seen in 

their study, hypotensive anaesthesia with isoflurane 
resulted in less bleeding compared to normotensive 
anaesthesia provided by isoflurane. In another 
comparative study, esmolol infusion produced better 
surgical field at an acceptable MAP than SNP infusion 
which produced similar effect at severe levels of 
hypotension.[5] In our study, it was observed that many 
patients achieved controlled hypotension in clonidine 
group with significantly less mean blood loss when 
compared to placebo group (P = 0.0449). Surgical 
field grading showed that the clonidine group had an 
excellent grade than the placebo group (P = 0.02).

NRS (0–10) was used to assess post-operative pain 
in the recovery room. It was found that patients who 
received clonidine had significantly less pain score 
than the placebo (P = 0.01). Sedation score was 
found to be similar in both the groups (P = 0.640). 
The anaesthetic concentration was titrated using the 
anaesthetic gas analyser, towards the time of extubation. 
Prolonged sedation was seen in very few patients 
in both the groups. Other complications namely 
hypotension (P = 0.781) and bradycardia (P = 0.313) 
requiring treatment were similar in both the groups.

CONCLUSION

Clonidine, as a single bolus dose, is effective in achieving 
controlled hypotension when used with balanced 
anaesthesia in FESS and reduces the intraoperative 
requirement of additional fentanyl and metoprolol. It 
effectively reduces the intraoperative blood loss and 
provides a dry operating field. Clonidine also provides 
good analgesia without any significant side effects 
such as sedation, hypotension and bradycardia. Use 
of clonidine for controlled hypotension is simple, 
safe and cheap, which makes economic sense for 
developing and developed countries.
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ANNEXURES

Annexure 1: Fromme–Boezaart scale of surgical field grading
	 •	 Grade	0:	No	bleeding
	 •	 Grade	1:	Slight	bleeding;	no	suctioning	of	blood	required
	 •	 Grade	2:	Slight	bleeding;	occasional	suctioning	required.	Surgical	field	not	threatened
	 •	 	Grade	3:	Slight	bleeding;	frequent	suctioning	required;	bleeding	threatens	surgical	field	a	few	seconds	

after suction is removed
	 •	 	Grade	 4:	 Moderate	 bleeding;	 frequent	 suctioning	 required,	 bleeding	 threatens	 surgical	 field	 directly	

after suction is removed
	 •	 	Grade	5:	 severe	bleeding:	Constant	suctioning	 required,	bleeding	appears	 faster	 than	can	be	 removed	

by suction, surgical field severely threatened and surgery impossible.
A. Excellent (Grade 0–1)
B. Good (Grades 2–3)
C. Poor (Grades 4–5).

Annexure 2: Brussel’s sedation score
1. Unarousable
2. Responding to pain stimulation (trapezius muscle pinching) and not to auditory stimulation
3. Responding to auditory stimulation
4. Awake and calm
5. Agitated.
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