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Abstract
Background: Propofol and fentanyl combination are common with general
anesthesia. However, hypotension and bradycardia are common during induction of anesthetic. This study aimed to compare the response of different
doses of ephedrine for attenuation of the hemodynamic changes after anesthetic induction without adverse effects. Materials and Methods: This was a
randomized, double-blinded, case-controlled clinical trial. One hundred and
twenty adult patients were allocated into one of the four groups: receiving IV
saline, ephedrine 0.05 mg/kg, 0.1 mg/kg, or 0.2 mg/kg respectively. Induction
of anesthesia was done with propofol 3 mg/kg and fentanyl 1 mg/kg. Alterations in systolic and diastolic blood pressures (SBP, DBP), mean arterial pressure (MAP), and heart rate (HR) were calculated every 1 min after induction,
and 2, 3, 4 and 5 min. Then, intubation was made. Results: Baseline hemodynamic variables were comparable between groups. Patients received 0.1
mg/kg, and 0.2 mg/kg had less drop in blood pressure both systolic and diastolic, MAP, and HR with no significant rise in side effects. The numbers of
patients with hypotension were significantly lower in the group receiving
ephedrine 0.2 mg/kg compared to other groups (P-value 0.05). Use of IV
ephedrine at a dose of 0.1 mg/kg was shown to be useful for reduction of hemodynamic changes but did not eliminate the risk of blood pressure drop.
Ephedrine 0.2 mg/kg was better without causing any adverse effects. We can
conclude that ephedrine 0.1 mg/kg was suitable for minimizing or decreasing
changes in hemodynamic at propofol-fentanyl induction but ephedrine 0.2
mg/kg was better without causing more adverse effects.
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1. Introduction
Propofol (2.6 diisopropylphenol) is a rapidly acting ideal IV anesthetic drug
widely used for induction of general anesthesia [1]. Fentanyl is widespread,
commonly used short-acting analgesic agent, frequently used with propofol. The
induction of general anesthesia with propofol has, however, been accompanied
with a significant drop in the systolic arterial pressure [2]. The mechanism of
hypotension caused by propofol is still not well understood. One of the explanations of the hypotensive effects of propofol was the reduction in systemic vascular resistance due to the mixed venous and arterial vasodilatation [3]. Other
possible mechanisms may include depression of myocardial contractility and
impaired baroreflex [4] [5]. The cardiovascular effects of propofol are obviously
increased when combined with fentanyl. Many approaches have been tried to
limit this hypotension with unsettled evidence. Fluid preloading with colloid and
crystalloid have been administered in various studies to prevent this hypotension, other drugs also used as atropine, glycopyrrolate, ketamine, dopamine,
dobutamine but with variable results [1]-[6].
Ephedrine is a non-catecholamine sympathomimetic alkaloid with potent alpha and beta agonist and acts by both direct as well as indirect mechanism. Its
cardiovascular effects include the increase in blood pressure, heart rate, contractility, and cardiac output [7]. Ephedrine has been used to limit the hypotensive
effects of induction of anesthesia with propofol and fentanyl [5] [6]. Ephedrine
is a drug used to maintain blood pressure; mainly by increasing the cardiac output and increasing the heart rate as is it not a potent arterial vasoconstrictor.
This may explain why high doses of intravenous ephedrine are accompanied
with significant side effects such as reactive hypertension, which is usually considered as systolic BP > 140 mmHg [8].
The purpose of this study was undertaken to compare the response of different doses of ephedrine to determine the most optimal dose of ephedrine for reduction of the hemodynamic changes following anesthetic induction with propofol and fentanyl without causing significant side effects.

2. Patients and Methods
After local ethical committee approval and patients informed written consent,
one hundred and twenty patients, ASA I or II, were scheduled for elective surgical procedures under GA from May 2017 to September 2017 in Aswan university. Patients with history of any cardiac, respiratory, hepatic, renal, cerebrovascular or endocrinal disease, patients allergic to any medication used in the study,
who were taking any drugs affecting heart rate or blood pressure, or those with
DOI: 10.4236/ojanes.2017.710034
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estimated difficult airway, those with morbid obesity (BMI > 35) and pregnant
females were excluded from the study.
Patients were assigned using sealed envelope technique into four groups, no
drug or (normal saline) control group (group-A), 0.05 ml/kg of ephedrine
(group-B), 0.1 mg/kg of ephedrine (group-C) or 0.2 mg/kg of ephedrine
(group-D). The patients received no premedication.
In the anesthetic room, wide bore intravenous access was established. In the
operating room, routine monitoring HR, ECG, SPO2, and NIBP were established. Baseline cardiovascular parameters, i.e., heart rate, blood pressure (systolic, diastolic and mean) and oxygen saturation were recorded. Noninvasive
blood pressure was measured. Patients received normal saline, ephedrine 0.05,
0.1, 0.2 mg/kg just 1 min before induction diluted in 10 cc normal saline by
another person. Anesthesia was induced with fentanyl 1 - 2 μg/kg followed by
propofol 2 - 3 mg/kg injected over 30 sec. Patients were given atracurium besylate 0.5 mg/kg as a muscle relaxant. We calculated the hemodynamic variable
(arterial blood pressure, heart rate and oxygen saturation) every minute, starting
1 min after induction 2, 3, 4, 5 min (till 5 min after injection of propofol). In this
period, bag and mask ventilation were used to maintain SPO2 > 95%, and no
endotracheal intubation was done.
After the study period, patients were intubated, and anesthesia was continued
as required. Hypotension (SBP < 20% of baseline) was treated with rapid infusions of ringers lactate 15 - 20 ml/min.
The statistical analysis of qualitative data was done by using Chi-square test.
The quantitative data were analyzed by using one-way ANOVA test. A P-value
less than 0.05 was considered statistically significant. Quantitative data were
presented as mean (±SD) while qualitative data were presented as numbers and
percentages. Statistical analysis was performed using SPSS version 16.

3. Results
Between May 2017 and September 2017, patients scheduled for surgeries under
general anesthesia at Aswan University hospitals were invited to participate in
our trial. Six patients were excluded from this study, 2 patients have not meeting
inclusion criteria, 1 patient declined to participate and 3 patients for other reasons refused to participate, and 120 patients were randomized after informed
written consent. In total, 30 patients were randomized to each group. All patients received the intended treatment, completed the study protocol, and were
included in the analysis (Figure 1). 120 patients were recruited to the study.
Patients in each group were comparable about age, body weight, and baseline
hemodynamic variables; with nonsignificant differences (Table 1).
SBP decreased in all groups after the induction of anesthesia. The drop in SBP
was similar in group-A and group-B. In group-A, SBP reduced to 96.3 ± 6.5 at 5
min, in group-B, SBP reduced to 97.22 ± 8.73 mmHg, and in group-C, SBP reduced to 103.72 ± 5.44 mmHg, and in group-D, SBP reduced to113.72 ± 4.44
DOI: 10.4236/ojanes.2017.710034

343

Open Journal of Anesthesiology

A. M. Eldemrdash, M. A. M. Al-Azhary

Figure 1. Consort flow diagram.
Table 1. Demographic data and baseline hemodynamic parameters.
Group-A
N = 30

Group-B
N = 30

Group-C
N = 30

Group-D
N = 30

P-value

Age (year)

38.47 ± 10.84

39.77 ± 9.61

39.76 ± 10.25

39.77 ± 11.25

0.80

ASA status:
I
II

27 (90%)
3 (10%)

26 (86.7%)
4 (13.3%)

28 (93.3%)
2 (6.7)

27 (90%)
3 (10%)

0.86

Sex:
Female
Male

13 (43.3%)
17 (56.7%)

14 (46.7%)
16 (53.3%)

12 (40%)
18 (60%)

14 (46.7%)
16 (53.3%)

0.95

Weight (kg)

62.18 ± 8.12

64.08 ± 6.67

62.80 ± 7.87

62.80 ± 7.87

0.13

SBP (mm. Hg)

127.36 ± 5.13

125.08 ± 8.51

124.30 ± 8.58

125.30 ± 8.58

0.15

DBP (mm. Hg)

78.68 ± 5.98

76.98 ± 7.06

77.46 ± 7.84

78.46 ± 7.74

0.13

MAP (mm. Hg)

94.18 ± 3.74

93.14 ± 7.26

93.86 ± 7.95

92.86 ± 7.85

0.11

HR (b./min)

88.06 ± 9.69

89.26 ± 12.30

87.70 ± 12.42

85.70 ± 12.42

0.33

Data are presented as mean ± Sd. *P-value < 0.05.

mmHg. The decrease in SBP was highest in group-A and the lowest in group-D
as illustrated in Table 2 and Figure 2.
Diastolic blood pressure (DBP) decreased in all groups after the induction of
anesthesia. The decrease in DBP was similar in group-A and group-B and more
than group-C and group-D. There was no statistically significant difference in
DBP between group-A and group-B. In group-A, DBP reduced to 53.30 ± 4.37 at
5 min, in group-B DBP reduced to 52.48 ± 8.05 mmHg and in group-C diastolic
blood pressure reduced to 57.66 ± 5.32 mmHg and in group-D diastolic blood
DOI: 10.4236/ojanes.2017.710034
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Figure 2. Comparison of SBP during the study period.
Table 2. Comparison of SBP during the study period.
Time

Group-A

Group-B

Group-C

Group-D

P-value

Baseline

128.36 ± 5.13

126.08 ± 8.51

125.30 ± 8.58

126.30 ± 8.58

0.15

1 min.

102.36 ± 6.10

101.38 ± 8.91

105.56 ± 12.76

108.56 ± 12.76

0.01*

2 min.

94.28 ± 7.67

95.58 ± 8.72

99.94 ± 13.39

109.94 ± 8.39

0.01*

3 min.

94.12 ± 7.60

94.72 ± 14.26

100.28 ± 8.30

110.28 ± 7.30

0.03*

4 min.

95.38 ± 6.87

95.68 ± 12.65

101.40 ± 6.31

112.40 ± 6.31

0.04*

5 min.

96.38 ± 6.55

97.22 ± 8.73

103.72 ± 5.44

113.72 ± 4.44

<0.001

Data are presented as mean ± Sd. *P-value < 0.05.

pressure reduced to 60.66 ± 6.32 mmHg. The decrease in diastolic blood pressure was highest in group-B and the lowest in group-D as illustrated in Table 3
and Figure 3.
MAP decreased in all the four groups after the induction of anesthesia. The
decrease was similar in group-A and group-B and no significant differences in
the MAP between group-A and group-B. The decrease in the MAP in group-A
and group-B was similar and more than group-C and group-D. In group-A,
MAP decreased to 67.52 ± 4.92 (drop 29% from the baseline) at 5 min, in
group-B MAP decreased to 66.78 ± 7.16 mmHg (drop 30% from the baseline)
and in group-C mean blood pressure decreased to 69.78 ± 4.75 mmHg (drop
25% from the baseline) and in group-D mean blood pressure decreased to 72.78
± 5.75 mmHg (drop 16% from the baseline). The decrease in mean blood pressure was highest in group-A, and the lowest in group-D. The decrease in the
MAP in group-C and group-D was significantly less when compared to group-A
and group-B as illustrated in Table 4 and Figure 4.
Baseline heart rate (HR) was comparable in the four groups. In group-A and
group-B, it decreased following anesthetic induction. In group-C and group-D,
it increased from baseline following anesthetic induction. In group-A H.R decreased to 72.84 ± 11.59 (drop 20% from the baseline) at 5 min, in group-B H.R
DOI: 10.4236/ojanes.2017.710034
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Table 3. Comparison of DBP during the study period.
Time

Group-A

Group-B

Group-C

Group-D

P-value

Baseline

78.69 ± 5.88

76.98 ± 7.16

76.46 ± 7.95

78.46 ± 7.93

0.13

1 min.

57.22 ± 7.97

56.72 ± 7.03

58.14 ± 9.82

62.14 ± 9.82

0.02*

2 min.

48.64 ± 10.40

49.38 ± 6.54

54.58 ± 8.33

63.58 ± 9.33

0.02*

3 min.

47.68 ± 6.07

48.10 ± 8.52

53.34 ± 4.30

66.34 ± 5.30

0.04*

4 min.

47.94 ± 4.38

48.60 ± 10.69

54.76 ± 5.40

64.76 ± 6.40

<0.001*

5 min.

53.30 ± 4.37

52.48 ± 8.05

57.66 ± 5.32

60.66 ± 6.32

0.08

Data are presented as mean ± Sd. *P-value < 0.05.

Figure 3. Comparison of DBP during the study period.
Table 4. Comparison of the MAP during the study period.
Time

Group-A

Group-B

Group-C

Group-D

P-value

Baseline

94.18 ± 3.64

93.14 ± 7.16

93.86 ± 7.85

93.86 ± 7.85

0.11

1 min.

72.36 ± 6.04

72.98 ± 6.45

73.8 ± 10.23

77.80 ± 11.23

0.01*

2 min.

62.56 ± 7.92

63.88 ± 7.32

67.74 ± 9.60

74.74 ± 10.60

0.02*

3 min.

62.86 ± 4.18

62.70 ± 9.03

68.92 ± 4.23

73.92 ± 6.23

0.04*

4 min.

63.64 ± 4.43

64.24 ± 10.89

69.62 ± 4.11

76.62 ± 4.11

0.02*

5 min.

67.52 ± 4.92

66.78 ± 7.16

69.78 ± 4.75

79.78 ± 5.75

0.01*

Data are presented as mean ± Sd. *P-value < 0.05.

Figure 4. Comparison of the MAP during the study period.
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decreased to 78.88 ± 11.71 (drop 11% from the baseline) and in group-C H.R
increased to 88.46 ± 8.67 (increase 2% from the baseline) and in group-D H.R
increased to 90.66 ± 7.57 (increase 5% from the baseline). The decrease in H.R
was in group-A 20% and group-B 11% and increase in group-C 2% and group-D
5% was insignificantly in all groups as illustrated in Table 5 and Figure 5.
The incidence of hypotension in the four groups during the study period was
also compared. The number of patients developing hypotension at 1 min was
not significant when compared to the four groups (P > 0.05). The incidence of
hypotension was significant at 2 min, 3 min, 4 min and 5 min (P < 0.05). The incidence of hypotension was highest in group-A followed by group-B and
group-C and group-D as illustrated in Table 6 and Figure 6.
Table 5. Comparison of HR during the study period.
Time

Group-A

Group-B

Group-C

Group-D

P-value

Baseline

89.16 ± 9.59

87.26 ± 13.32

86.70 ± 11.40

85.70 ± 12.40

0.33

1 min.

90.46 ± 12.58

89.72 ± 16.98

87.16 ± 9.91

88.26 ± 9.91

0.48

2 min.

78.38 ± 11.94

79.58 ± 13.68

89.74 ± 7.29

90.74 ± 6.29

<0.001*

3 min.

76.98 ± 13.92

79.88 ± 13.25

85.06 ± 7.36

87.26 ± 8.36

<0.001*

4 min.

73.92 ± 12.29

77.26 ± 11.42

86.48 ± 7.55

88.58 ± 7.65

<0.001*

5 min.

72.84 ± 11.59

78.88 ± 11.71

88.46 ± 8.67

90.66 ± 7.57

<0.001*

Data are presented as mean ± Sd. *P-value < 0.05.

Table 6. The number of patients developing hypotension and time of onset of hypotension.
Time

Group-A

Group-B

Group-C

Group-D

P-value

1 min.

7 (23%)

6 (20%)

6 (20%)

4 (15%)

0.13

2 min.

26 (85%)

19 (62%)

12 (40%)

9 (30)

0.05*

3 min.

26 (85%)

19 (62%)

13 (42%)

7 (25%)

0.05*

4 min.

24 (80%)

20 (65%)

11 (36%)

6 (20%)

0.05*

5 min.

22 (75%)

6 (20%)

16 (54%)

22 (75%)

0.05*

Figure 5. Comparison of HR during the study period.
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Figure 6. The number of patients developing hypotension and time of
onset on hypotension.

4. Discussion
Hypotension after induction with propofol is well known [9]. The cause of this
hypotension has been found to be a depression of myocardial contractility and a
reduced systemic vascular resistance [10]. Fentanyl was used for adjuvant induction of anesthesia with propofol. Fentanyl in small doses has minimal cardiovascular effects [11]. However, when used with propofol for induction of anesthesia, it may heighten the bradycardia and hypotensive effects of propofol [12].
This study confirms that induction of anesthesia with propofol combined with
fentanyl in ASA-I and II patients is usually accompanied with significant systemic arterial hypotension. Preinduction IV injection of ephedrine in a dose of
0.1 mg/kg significantly minimized, but did not eliminate the decrease of BP, but
the dose of 0.2 mg/kg was much better, where the drop in SBP from base line after 5 minute was 25% and 22% in group-A and group-B but 16% in group-C and
only 11% drop in group-D. Also significant decrease in systolic blood pressure
from the baseline was observed in all the groups after propofol administration in
our study dropped 21%, 20%, 16%, 10% from the base line respectively A-, B-,
C-, D-groups after 1 min. Gamlin et al. [13] found that 15 or 20 mg of ephedrine
premixed with 20 ml of 1% propofol maintained blood pressure at preinduction
values, whereas ephedrine 10 mg was insufficient. The difference in observations
could be connected with a higher dose of ephedrine (15, 20 and 25 mg) in other
studies than in ours (0.2 mg/kg, with a mean dose of 10 mg).
In this study, we observed that prophylactic IV dose of ephedrine was effective
in limiting the hypotension during propofol induction in doses 0.1 mg/kg and
0.2 mg/kg. But ephedrine did not eliminate the reduction in BP associated with
induction of anesthesia with propofol and fentanyl. Our results are comparable
to those of Michelsen et al. [14]. They found that prophylactic IV ephedrine 0.2
mg/kg significantly weakened, but did not eliminate the reduction in blood
pressure during propofol and fentanyl induction. Similarly, El-Beheiry et al. [15]
observed that 0.07 mg/kg ephedrine taken just before induction of anesthesia by
propofol and eventually tracheal intubation maintained blood pressure at
pre-induction levels for up to 6 min after induction. The cause that a smaller
dose of ephedrine is effective (by effect of intubation) depends on the sympaDOI: 10.4236/ojanes.2017.710034
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thoadrenal-stimulating. Though pre-induction by ephedrine attenuated the hypotensive effects of propofol, some patients still worldly-wised in a reduction in
BP to <80% of baseline. The cause for this may be that ephedrine mainly keeps
the arterial blood pressure by increasing the cardiac output [16], whereas propofol, under conditions similar to those in the present study, causes arterial hypotension by reducing peripheral vascular resistance [2] [17]. Gopalakrishnan
and colleagues [18] have reported ephedrine to be ineffective in preventing hypotension after induction of anesthesia with propofol and rocuronium during
rapid tracheal intubation. However, Gamlin et al. [19] had reported full effectiveness in obtunding hypotensive effects of propofol when ephedrine was mixed
with propofol. But marked tachycardia was observed in the majority of patients
in their study. In our study, we observed a decrease in heart rate in control
group and increased in the ephedrine group, but it was less than 20% of the
baseline and statistically insignificant. Gamlin et al. [20] reported marked tachycardia associated with the use of ephedrine in combination with propofol in
the majority of patients. The difference in observations could be correlated with
higher doses of ephedrine (20 and 25 mg) in other studies than in ours (0.2
mg/kg). Dhungana et al. [18] also reported insignificant increases in heart rate in
patients receiving ephedrine. In conclusion, we found that the prophylactic
intravenous injection of ephedrine 0.1 mg/kg significantly attenuated, but did
not abolish the reduction in systolic blood pressure associated with induction of
anesthesia with propofol and fentanyl, but 0.2 mg/kg was much better without
causing any adverse effects. We recommended that ephedrine reduced the incidence of hypotension in a significant number of our ASA I and II grade patients,
and their safety and efficacy needed to be used during routine clinical practice
and in high-risk groups and critically ill patients, especially ephedrine 0.2 mg/kg.
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