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Prevention of hypotension associated with the induction 
dose of propofol: A randomized controlled trial comparing 
equipotent doses of phenylephrine and ephedrine
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Introduction

Propofol is one of the most commonly used intravenous (IV) 
induction agent. It has many benefits over other IV induction 
agents, but it is associated with hypotension on induction of 
anesthesia.[1,2] Different methods have been employed with 
variable results to counter the hypotensive effects of propofol 
including slow drug administration,[3] preloading with IV 
fluids,[4,5] co-administration of ephedrine,[5-7] phenylephrine,[8] 
ketamine[9] etc.

Phenylephrine is a synthetic noncatecholamine that principally 
stimulates alpha-1 adrenergic receptors directly.[10] Ephedrine 
is a mixed-acting sympathomimetic drug that stimulates both 
alpha and beta adrenergic receptors.[10] Both these drugs are 
compatible in solution with propofol.[11]

A thorough search of literature could not reveal any comparative 
study of these two drugs in equipotent doses during general 
anesthesia.

The objective of this study was to comparatively evaluate 
the efficacy of ephedrine versus phenylephrine in preventing 
propofol induced hypotension during induction of anesthesia. 

Material and Methods

This randomized, double blind study was conducted between 
September 03, 2009 and September 09, 2010. After approval 
from Ethical Review Committee of the hospital (1059-
ANE/ERC-08), 135 American Society of Anesthesiologists 
(ASA) I-II patients of either sex, aged between 18 and 
60 years, undergoing elective surgery requiring general 
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Background and Aims: Propofol, the most commonly used intravenous (IV) anesthetic agent is associated with hypotension 
on induction of anesthesia. Different methods have been used to prevent hypotension but with variable results. The objective of 
this study was to evaluate efficacy of equipotent doses of phenylpehrine and ephedrine in preventing the hypotensive response 
to the induction dose of propofol.
Material and Methods: One hundred thirty five adult patients were randomised to one of the study groups: “propofol-saline (PS),” 
“propofol-phenylephrine (PP)” or “propofol-ephedrine (PE)” by adding study drugs to propofol. Anesthesia was induced with a mixture of 
propofol and the study drug. Patients were manually mask-ventilated for 5 min using 40% oxygen in nitrous oxide and isoflurane at 1%. 
A baseline mean arterial pressure (MAP) was recorded prior to induction of anesthesia. Systolic, diastolic and mean blood pressure and 
heart rate were recorded every minute for up to 5 min after induction. Hypotension was defined as a 20% decrease from the baseline MAP.
Results: There were no significant demographic differences between the groups. Overall incidence of hypotension in this study was 
38.5% (52/135). Rate of hypotension was significantly higher in group PS than group PP (60% vs. 24.4% P = 0.001) and group PE (60% 
vs. 31.1% P = 0.005). In contrast, a significant difference in rate of hypotension was not observed between groups PP and group PE.
Conclusion: In equipotent doses, phenylephrine is as good as ephedrine in preventing the hypotensive response to an induction 
dose of propofol.
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anesthesia, were included in the study. Patients scheduled for 
emergency surgery, patients with known hypertension, thyroid 
disease, peripheral vascular disease, ischemic heart disease, 
cardiac arrhythmias or having cardiac pace maker, patients 
taking any heart rate modifying drugs, monoamine oxidase 
inhibitors, or drugs affecting autonomic nervous system and 
patients allergic to any of the study drugs were excluded from 
the study. After obtaining written informed consent, patients 
meeting the inclusion criteria were randomized and allocated 
to one of the three study groups by using sealed opaque 
envelope method.
• Group propofol-saline (PS): 2 ml. 0.9% sodium chloride 

as placebo control.
• Group propofol-phenylephrine (PP): 2 ml (50 mcg/ml) 

phenylephrine.
• Group propofol-ephedrine (PE): 2 ml (4 mg/ml) of 

ephedrine.

For purpose of comparison we calculated the equipotent 
doses of phenylephrine and ephedrine from the study of 
Saravanan et al.[12] that demonstrated a relative potency 
ratio for phenylephrine: ephedrine of 80:1 (100 mcg: 
8 mg).[12] Study drug was prepared by drawing 20 ml 
propofol (1%) and 2 ml lignocaine (2%) in 25 ml syringe. 
The study drug was added to this mixture according to 
the study group mentioned above to make a total volume 
of 24 ml (containing 8.33 mg/ml propofol). All the study 
drugs were prepared by an anesthesiologist who was not 
involved in data collection and analysis. All patients were 
premedicated with oral midazolam 7.5 mg 1 h before the 
operation. In the operating room, standard monitoring (pulse 
oximetry, noninvasive blood pressure, and electrocardigram) 
was instituted. Baseline SBP, DBP, MAP and heart rate 
were taken from an average of two readings taken 5 min 
apart by the primary investigator. After securing IV access, 
all patients were preoxygenated with 100% oxygen for 3 
min using circle circuit. Anesthesia was induced by using 
mixture of propofol, lignocaine and study drug, according 
to assigned group, over 1 min through an IV infusion pump 
(Graseby syringe pump 3400) by the primary investigator, 
who was blinded to the study drug. After administering the 
calculated induction dose (2 mg/kg) of propofol, if needed 
an additional one ml of the same mixture was given every 
10 s until hypnosis was achieved as assessed by loss of verbal 
response from the patient. Any patient requiring more than 
three propofol increments was planned to be excluded from 
the study but none of our patients required more than three 
propofol increments. All the patients were ventilated with 
a bag valve mask for 5 min using 40% oxygen in nitrous 
oxide and isoflurane at 1%. SBP, DBP and mean blood 
pressure and heart rate readings were recorded every minute 

for upto 5 min after induction. At this point, the study was 
terminated, and rest of the anesthesia technique was left at the 
discretion of primary anesthetist. Hypotension was defined 
as a 20% decrease from the baseline MAP. Hypotension 
requiring treatment was defined as a decrease in MAP to 
60 mmHg or less. In case of a decrease in MAP to 60 
mmHg or less, 200 ml bolus of normal saline was infused 
over 2 min followed immediately by another 200 ml bolus if 
needed (to a maximum of 400 ml). If this failed to raise the 
blood pressure to >60 mmHg, incremental doses of either 
phenylephrine 100 mcg (if heart rate was >60 beats/min) 
or ephedrine 8 mg (if heart rate was <60 beats/min) were 
given. Isolated bradycardia (heart rate <50/min) without 
associated hypotension, was treated with injection atropine 
0.5 mg intravenously.

The number of patients required in each group was 
determined by using power analysis based on the previous 
study.[8] The sample size required detecting 20% reduction 
in MAP from baseline at 5% level of significance and 80% 
power was 45 patients in each group. Data was entered and 
analyzed in statistical software Statistical Package for Social 
Sciences (SPSS) version 19.0, (SPSS Inc., Chicago, IL). 
Frequencies and percentage were computed for gender, 
ASA level and hypotension among the groups and analyzed 
by Chi-square test. Means and standard deviations were 
estimated for age, weight, height, body mass index and for 
hemodynamic response like SBP and DBP, MAP, heart 
rate and analyzed by analysis of variance with Post-hoc 
multiple comparison test after normality assumptions by 
Kolmogorov–Smirnov and Shapiro–Wilk test. Chi-square 
test was used to compare proportion difference for prevention 
of hypotensive response among groups. P < 0.05 was 
considered statistically significant.

Results

A total of 135 patients scheduled for elective surgical procedure 
under general anesthesia were included in this study, and all 
of them completed the study. Demographic data and baseline 
variables are given in Table 1. No significant differences were 
observed in age, weight, height, gender, ASA level, baseline 
heart rate, SBP, DBP and mean blood pressure.

Mean hemodynamic responses of groups PP and PE 
(study groups) were compared with group PS (control 
group) and compared with each other to see significant 
differences. Hypotension was also compared among the 
groups. Overall incidence of hypotension in this study was 
38.5% (52/135).
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Systolic blood pressure at each minute was compared among 
control group (group PS) and both study groups (groups PP 
and PE). A statistically significant difference was found in 
groups PP and PE from min 1 to 5 as compared to control 
group [Figure 1]. Similarly the difference in DBP at each 
minute was statistically significant from min 1 to 5 in group 
PP as compared to control the group. In group PE, DBP was 
found to be significantly different from min 2 to 5 as compared 
to control the group [Figure 2]. The MAP in groups PP 
and PE was significantly different at all times in comparison 
with group PS [Figure 3].

The change in heart rate was significant in Group PP in 1st 
and 2nd min as compared to control the group. Group PE did 
not show any significant difference in heart rate in comparison 
with the control group. Results demonstrated decrease in heart 
rate in patients who received the phenylephrine [Figure 4].

Table 2 shows the rate of hypotension that was significantly 
higher in group PS than group PP (60% vs. 24.4% 
P = 0.001). Similarly, this difference was also significant in 
groups PS and PE (60% vs. 31.1% P = 0.006).

In comparison of groups PP and PE, SBP values were 
significantly different from min 1 to 3 [Figure 1]. In contrast 
DBP values were significant for a longer period, that is, 
from 1st to 5th min [Figure 2]. The MAP also came to be 
significantly different from min 1 to 5 [Figure 3]. These values 
show better control of SBP, DBP and MAP in group PP 
than group PE.

Difference in heart rate was only significant from 1st to 3rd min. 
Heart rate was found to be decreased from the baseline in 
group PP than group PE [Figure 4].

When the rate of hypotension was compared between groups 
PP and PE, significant difference was not observed as shown 
in Table 2 (24.4% vs. 31.1% P = 0.48).

Four patients in group PS, two patients in group PE and one 
patient in group PP required IV normal saline for treatment 
of hypotension and they responded adequately. None of the 
patient required ephedrine, phenylephrine or atropine for 
treatment of hypotension or bradycardia.

Discussion

Hypotension following induction of anesthesia using propofol 
is caused by propofol-mediated decrease in sympathetic activity 

Figure 1: Comparison of mean systolic blood pressure with respect to time 
among propofol-saline (PS), (•), propofol-phenylephrine (PP), (∆) and propofol-
ephedrine (PE), (). *P < 0.05 PS versus PP; ‡P < 0.05 PS versus PE; #P < 0.05 
all multiple groups comparison significant

Table 1: Comparison of demographic and BL data among groups

Variables Group PS n = 45 (%) Group PP n = 45 (%) Group PE n = 45 (%) P
Age (year) 36.24±10.89 34.68±9.189 33.66±8.91 0.45
Weight (kg) 64.80±10.68 63.02±11.14 65.8±11.67 0.49
Height (cm) 161.50±7.36 162.28±10.22 163.9±8.74 0.42
Gender

Male 18 (40) 22 (48.9) 25 (55.6) 0.33
Female 27 (60) 23 (51.1) 20 (44.4)

ASA status
I 28 (62.2) 26 (57.8) 29 (64.4) 0.73
II 17 (37.8) 19 (42.2) 16 (35.6)
SBP (mmHg) 123.86±11.89 124.13±12.16 123.78±11.91 0.98
DBP (mmHg) 77.62±7.40 76.87±8.32 76.42±8.59 0.78
MAP (mmHg) 93.42±8.65 93.31±8.65 91.80±9.03 0.62
Heart rate (beats/min) 84.06±11.08 84.39±16.17 81.13±8.89 0.46

Results are presented as mean ± SD and n (%). BL = Baseline, PS = Propofol-lignocaine-saline, PP = Propofol-lignocaine-phenylephrine, PE = Propofol-lignocaine-
ephedrine. SD = Standard deviation, PS=Propofol-saline, PP = Propofol-phenylephrine, PE = Propofol-ephedrine, ASA = American society of anesthesiologists, 
SBP = Systolic blood pressure, DBP = Diastolic blood pressure, MAP = Mean arterial pressure
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including decrease in systemic vascular resistance[1] and decrease 
in cardiac output by a combination of venous and arterial 
vasodilation,[1,14] impaired baroreflex mechanism and depression 
of myocardial contractility.[15] Independent of the presence of 
cardiovascular disease, the incidence of this propofol-mediated 
hypotension ranges from 25% to 67.5%.[1,9,16] 

Our study revealed a higher incidence of hypotension (60% 
in Group PS). Since we used a standard (fixed) dose 
of propofol, our population may have experienced more 
vasodilatation as compared to other populations.

Our study demonstrated a significant reduction in the 
incidence of propofol induced hypotension with simultaneous 
administration of phenylephrine or ephedrine mixed with 
propofol. However, hypotension was still present in 24.4% 
and 31.1% of patients respectively.

Table 2: Comparison of hypotension among groups

Variables Group PS 
n = 45 (%)

Group PP 
n = 45 (%)

Group PE 
n = 45 (%)

Hypotension 
(MAP 20% 
decrease from BL)

27 (60) 11 (24.4)* 14 (31.1)‡

Hypotension 
requiring treatment 
(MAP ≤60)

4 (8.9) 1 (2.2) 2 (4.4)

Propofol increment 
used (<2 times)

2 (4.4) 1 (2.2) 0 (0)

Boluses of IV fluids 4 (8.9) 1 (2.2) 2 (4.4)
*P = 0.001 PS versus PP (significant), ‡P = 0.006 PS versus PE (significant), 
P = 0.48 PP versus PE (insignificant). MAP = Mean arterial pressure, 
IV = Intravenous, PS = Propofol-saline, PP = Propofol-phenylephrine, 
PE = Propofol-ephedrine, BL = Baseline

Figure 2: Comparison of mean diastolic blood pressure with respect to time 
among propofol-saline (PS), (•), propofol-phenylephrine (PP), (∆) and propofol-
ephedrine (PE), ( ). *P < 0.05 PS versus PP; †P < 0.05 PP versus PE; #P < 0.05 
all multiple groups comparison significant

Figure 3: Comparison of mean arterial pressure with respect to time among 
propofol-saline, (•), propofol-phenylephrine, (∆) and propofol-ephedrine, ( ). 
#P < 0.05 all multiple groups comparison significant

Our findings are consistent with the findings of Imran et al. 
who have shown a dose related (50 mcg vs. 100 mcg) 
incidence of hypotension (56% vs. 20%) when phenylephrine 
was combined with propofol[8]

Dhungana et al. in their study compared preloading with 
haemaccel (colloid fluid) and ephedrine for prevention of 
hypotension during propofol induction. They found that only 
22.5% patients developed hypotension when ephedrine (0.2 
mg/kg, mean dose 10 mg) was used compared with 23.1% 
in colloid group and 67.5% in control group.[5] In our study 
slightly more (31.1%) patients in the ephedrine group became 
hypotensive which can be attributed to a relatively lower dose 
of ephedrine (8 mg) used in our study.

Michelsen et al. observed an attenuation of hypotension, 
associated with propofol induction with the use of a prophylactic 
ephedrine. They used ephedrine in the dose of 0.1 mg/kg and 
0.2 mg/kg IV 1 min before induction of anesthesia with propofol 
and fentanyl.[7] Gamlin et al. observed effective obtundation of 
hypotension accompanied with tachycardia as higher doses of 
ephedrine (15, 20 and 25 mg) was used in their study.

We did not observe a statistically significant increase in 
the heart rates in patients receiving ephedrine in our study.  
However we found statistically significant decrease in heart 
rates in patients receiving phenylephrine in the 1st and 
2nd min after induction of anesthesia. Propofol alters the 
baroreflex mechanism, resulting in a smaller increase in 
heart rate for a given decrease in arterial pressure.[18] Recent 
studies suggest that induction of anesthesia with propofol 
attenuates desflurane-mediated sympathetic activation.[19] 
This fact probably further contributed to the significant 
decrease in heart rate in patients who received phenylephrine 
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(group PP). Ephedrine seems to counteract and compensate 
for the decrease in heart rate associated with administration 
of propofol, and the heart rate remained stable at baseline 
in patients who received ephedrine.

We found that both phenylephrine and ephedrine effectively 
maintained a significantly higher level of MAP than the 
control group. However, neither of these two drugs completely 
prevented the hypotensive response.

Conclusion

In equipotent doses, phenylephrine is as good as ephedrine 
in preventing the hypotensive response to an induction dose 
of propofol.
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Figure 4: Comparison of mean heart rate with respect to time among propofol-
saline (PS), (•), propofol-phenylephrine (PP), (∆) and propofol-ephedrine (PE), 
( ). *P < 0.05 PS versus PP; †P < 0.05 PP versus PE


