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Introduction
Anesthetic induction and endotracheal intubation (ETI) 

can cause hemodynamic fluctuation. Achieving a stable 
hemodynamic profile during anesthetic induction and ETI is 
important to anesthetists in daily practice [1,2]. Opioids in 
combination with propofol are widely used for suppressing 
ETI induced cardiovascular response during anesthetic 
induction [3]. Sufentanil, an analog of fentanyl, is a proper 
opioid for anesthetic induction because of less impact on 
hemodynamics. A previous study showed that sufentanil 
dose-dependently suppressed ETI induced cardiovascular 
response [4]. However, a low dose of sufentanil combined 
with propofol is inadequate to well suppress ETI induced 
increase of heart rate (HR) and blood pressure (BP) [4]. On 
the other hand, although a larger dose of sufentanil may 
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Abstract
Introduction: A low dose of sufentanil was insufficient to suppress endotracheal intubation (ETI) induced cardiovascular 
response. This study investigated the effects of combined sufentanil and remifentanil on hemodynamic changes during 
anesthetic induction and ETI.

Methods: 70 adult patients were divided into two groups (n = 35). General anesthesia was induced by sufentanil, 
propofol, and cisatracurium. Group S received sufentanil 0.3 mcg/kg, while Group R received sufentanil 0.3 mcg/kg and 
remifentanil 1 mcg/kg. The systolic arterial pressure (SAP), diastolic arterial pressure (DAP), mean arterial pressure (MAP), 
and heart rate (HR), incidence and severity of hypotension, hypertension, bradycardia, and tachycardia, doses of propofol 
during anesthetic induction and ETI were compared.

Results: After anesthetic induction, the changes of SAP, DAP, MAP and HR were comparable between the groups (p > 
0.05). Right after ETI, the HR in Group R was significantly lower than Group S (p < 0.001). 5 min after ETI, the SAP, DAP, and 
MAP in Group R was significantly higher than Group S (p < 0.03). The incidence and severity of hypotension, hypertension, 
bradycardia, and tachycardia was comparable between the groups (p > 0.07). The dose of propofol used in Group R was 
significantly lower than Group S (p = 0.001).

Conclusion: The combination of sufentanil and remifentanil is superior to sufentanil alone for attenuating ETI induced 
cardiovascular response without cardiovascular compromise.
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was injected in 10 seconds. 1.5 min after the injection of saline 
or remifentanil, oral ETI assisted by a video-laryngoscope 
was performed by an experienced anesthetist in 30 seconds 
(Figure 1). The cuff of the tube was inflated immediately after 
ETI. Anesthesia was maintained by inhalation of sevoflurane 
with an inhaled concentration of 0.7-1.5% (depending on the 
age and the BP after ETI).

The systolic arterial pressure (SAP), diastolic arterial 
pressure (DAP), mean arterial pressure (MAP), and HR were 
recorded at 6 time points:

T0: The baseline before anesthetic induction.

T1: 1 min after the first bolus of propofol.

T2: 1 min after saline or remifentanil injection.

T3: Right after inflating the cuff of endotracheal tube.

T4: 2 min after ETI.

T5: 5 min after ETI.

During the anesthetic process, atropine 0.2-0.5 mg was 
injected for HR < 45 bpm before ETI (because laryngoscopy 
may aggravate bradycardia), dopamine 1-2 mg was injected 
for SAP < 80 mmHg. SAP ≥ 180 mmHg or HR ≥ 100 bpm after 
ETI was considered to be inadequate anesthesia and propofol 
30-50 mg was injected. The incidences of hypotension (MAP 
< 65 mmHg), hypertension (SAP ≥ 180 mmHg), bradycardia 
(HR < 50 bpm), and tachycardia (HR ≥ 100 bpm) in each group 
before ETI (T0, T1, T2) and after ETI (T3, T4, T5) were also 
recorded. The severity of hypotension were categorized 
into MAP < 65, MAP < 60, and MAP < 55, the severity of 
bradycardia were categorized into HR < 50 bpm and HR < 45 
bpm. The doses of propofol for anesthetic induction were 
also recorded.

Statistical analysis
In our pilot study, an additional low dose of remifentanil 

1 mcg/kg could suppress ETI induced HR increase by nearly 
10% compared with sufentanil 0.3 mcg/kg alone. With α 
= 0.05 and β = 0.8,32 patients in each group is required in 
this study, and we finally included 35 patients in each group. 
Data were expressed as mean (SD), median (25th, 75th 
percentiles), number (percentage), and proportion. The 

effectively suppress the increase of HR and BP induced by 
ETI, it may prolong the patient emergence from anesthesia 
and may lead to respiratory depression after a short surgery 
because the analgesic duration of sufentanil is long (30 to 50 
min) [5,6]. Hence, it is reasonable to use an additional drug to 
suppress cardiovascular response induced by ETI during low 
dose sufentanil based anesthetic induction.

Remifentanil is another kind of opioid, which has a short 
time of onset and elimination [7]. It is also widely used for 
anesthetic induction and ETI [3]. However, a low dose of 
remifentanil is also inadequate to suppress ETI induced 
cardiovascular response. On the other hand, a larger dose of 
remifentanil may induce severe hypotension and bradycardia 
[8-10]. Previous studies showed that remifentanil suppressed 
ETI induced cardiovascular response better than sufentanil, 
however, with more adverse cardiovascular depression [3,10]. 
Based on the characteristics of sufentanil and remifentanil, 
we hypothesized that using a low dose of sufentanil for 
anesthetic induction and adding a low dose of remifentanil 
for ETI may provide a relatively stable hemodynamic profile. 
To the best of our knowledge, the relevant study is limited. 
Therefore, the present study was to investigate the effects of 
combined sufentanil and remifentanil on the hemodynamic 
changes during anesthetic induction and ETI.

Methods
The randomized, single blind, controlled clinical trial 

was approved by the Ethics Committee of Hunan Provincial 
People’s Hospital. After consents were obtained, 70 patients 
scheduled for elective surgery who were aged 18-65 years with 
American Society of Anesthesiologists (ASA) physical status I-II 
were recruited. Exclusion criteria included: Predicted difficult 
airway, body mass index (BMI) ≥ 30 kg/m2, cardiovascular 
disease, cardiac arrhythmia, respiratory disease, cerebral 
disease, and alcohol abuse. No premedication was given to 
the patients before surgery. On arrival in the operating room, 
the patients were monitored by electrocardiography, non-
invasive BP, and pulse oximetry. Ringer’s solution was infused 
at a rate of 4 - 6 mL/min via a peripheral intravenous line. 
When the patients were preoxygenated via a facemask with 
a fresh gas flow of 6 L/min, sufentanil (Yi chang Human well 
Pharmaceutical Co, Ltd, Hubei, China) 0.3 mcg/kg (5 mcg/ml) 
was injected intermittently in 30 seconds in case of cough. 
1 min after the completion of sufentanil injection, propofol 
(10 mg/ml) 0.4-1 mg/kg (depending on the ages) was injected 
in 5 seconds followed by injection of cisatracurium 0.2 mg/
kg (2 mg/ml) in 10 seconds. After the loss of consciousness, 
the patients were ventilated manually. The patients were 
randomized into 2 groups according to computer-generated 
random numbers (n = 35): Group S: 4.5 min after the 
completion of sufentanil injection, a bolus of propofol 1-2 mg/
kg (depending on the age and the BP after the first injection of 
propofol) was injected in 5 seconds. 5 seconds later, a bolus 
of saline (0.1 ml/kg) was injected in 10 seconds. Group R: 4.5 
min after the completion of sufentanil injection, a bolus of 
propofol 0.2-1 mg/kg (depending on the age and the BP after 
the first injection of propofol) was injected in 5 seconds 5 
seconds later, a bolus of remifentanil (Yi chang Human well 
Pharmaceutical Co, Ltd, Hubei, China) 1 mcg/kg (10 mcg/ml) 

Figure 1: The protocol of anesthetic induction and endotracheal 
intubation.
ETI: Endotracheal Intubation
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significant differences between the groups (p > 0.298). After 
the second propofol injection, the SAP, DAP, and MAP further 
decreased at T2 (p < 0.001). In Group R, after the injection of 
propofol and remifentanil, the HR decreased further at T2 (p 
= 0.000), while in Group S, the second injection of propofol 
did not further decrease the HR (p = 1). Right after ETI at T3, 
the SAP, DAP, MAP, and HR significantly increased in both of 
the groups (p < 0.002) except for the SAP in Group R was not 
significantly different compared with T2 (p = 0.318). However, 
the HR at T3 in Group R was significantly lower than Group 
S (p = 0.000, Figure 5). 2 min after ETI, the SAP, DAP, MAP, 
and HR in Group S decreased significantly at T4 (p < 0.002) 
and further decreased at T5 (p < 0.005). However, the SAP 
DAP, and MAP in Group R at T4 and T5 were not significantly 
different compared with T3 (p = 1). Furthermore, at T5, the SAP, 
DAP, and MAP in Group R were significantly higher than Group 
S (p < 0.03, Figure 2, Figure 3, and Figure 4). The HR in Group R 
decreased significantly at T4 (p = 0.003) but did not decreased 
further at T5 (p = 0.113). Besides, the HR at T4 in Group R was 
significantly lower than Group S (p = 0.017, Figure 5).

Before ETI, the severity of hypotension and bradycardia 
were not significantly different between the two groups (p 
= 0.986 and p = 0.841, respectively). After ETI, the severity 
of hypotension and bradycardia in both of the groups were 
similar to those before ETI without significant differences 

normality of data distribution was tested by the Shapiro-Wilk 
test, the homogeneity of variance was tested by the Levene's 
test. Comparison of age, weight, height, BMI, and propofol 
injection dose were analyzed with Student’s t-test or the 
Mann-Whitney U test. The gender, ASA physical status, and 
incidences of hypertension and tachycardia were compared 
using Chi-square test or Fisher’s exact test. The severity 
categories of hypotension and bradycardia were compared 
by the Mann-Whitney U test. Comparison of SAP, DAP, MAP, 
and HR were analyzed with repeated-measures analysis of 
variance (ANOVA), multiple comparisons were analyzed using 
the Bonferroni correction test. SPSS 22.0 (SPSS Inc, Chicago, 
IL, USA) was used for statistical analysis. A p value of < 0.05 
was considered statistically significant.

Results
The characteristics of the patients were comparable 

between the two groups with respect to age, gender, 
weight, height, BMI, and ASA classification (Table 1). The 
hemodynamic profiles of the two groups showed that the 
cardiovascular responses after ETI in Group R were less 
fluctuated than in Group S. As shown in Figure 2, Figure 3, 
Figure 4, and Figure 5, the baseline of the vital signs were 
comparable between the two groups (p > 0.05). After the first 
injection of propofol, the SAP, DAP, MAP and HR decreased 
significantly in both of the groups at T1 (p < 0.002) with no 

Figure 2: The profiles of systolic arterial pressure in the two groups.
SAP: Systolic Arterial Pressure; *Significantly different (p < 0.001), 
compared with Group S

Figure 4: The profiles of mean arterial pressure in the two groups.
MAP: Mean Arterial Pressure; *Significantly different (p = 0.022), 
compared with Group S

Figure 5: The profiles of heart rate in the two groups.
HR: Heart Rate; *Significantly different (p < 0.02), compared with 
Group S

Figure 3: The profiles of diastolic arterial pressure in the two groups.
DAP: Diastolic Arterial Pressure; *Significantly different (p < 0.001), 
compared with Group S
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between the groups (p = 0.071 and p = 0.955, respectively). 
Besides, there was no patient had hypertension (SAP ≥ 180 
mmHg) during the anesthetic induction and ETI in both of 
the groups. Only one patient had tachycardia (HR ≥ 100 bpm) 
right after ETI at T3 in Group S, while no patient suffered 
tachycardia in Group R (p = 1, Table 2).

As shown in Table 3, the doses of the first injection of 
propofol were not significantly different between the two 
groups (p = 0.115). However, the dose of the second injection 
of propofol in Group R was significantly lower compared to 
Group S (p = 0.001).

Discussion
The present study showed that despite significantly 

suppressed hemodynamics after anesthetic induction, 
intravenous sufentanil 0.3 mcg/kg was insufficient to 
suppress ETI induced increase of BP and HR. An additional 
bolus of 1 mcg/kg remifentanil 1.5 min before ETI attenuated 
ETI induced increase of BP and HR without significant 
hemodynamic depression during anesthetic induction. The 
onset of sufentanil is 1 to 2 min, and 3 to 6 min is needed 
to reach the peak concentration [5]. To intubate the patient 
at the peak effect of analgesia, sufentanil was injected firstly 
in the anesthetic induction, and ETI was performed at least 
6 min after the completion of sufentanil injection. On the 

other hand, it takes 2 to 3 min for intravenous cisatracurium 
to reach the maximal muscular relaxation for ETI at dosage 
of 0.2 mg/kg [11], hence cisatracurium was injected after the 
first bolus of propofol, and manual ventilation was performed 
after the patient lost consciousness.

Propofol is one of the most widely used anesthetic 
drugs for anesthetic induction, it possesses rapid onset, fast 
distribution, and fast elimination profiles after an intravenous 
bolus injection [12]. However, hypotension is a common 
side-effect of propofol injection. An intravenous bolus of 
an induction dose of propofol (2 mg/kg) frequently induces 
hypotension (MAP < 60 mmHg) with an incidence up to 45% 
[13]. The mechanism was considered to bepropofol induced 
sedation, venodilation and cardiac depression [14]. Shah, et 
al. [15] found that if propofol was injected intermittently, less 
dosage of propofol was required to achieve the same level 
of hypnosis with reduced hemodynamic depression during 
anesthetic induction. Therefore, propofol was injected twice 
to reduce hemodynamic depression in the present study. The 
first injection of propofol was for hypnotizing the patient, 
waiting for sufentanil and cisatracurium to achieve the 
maximal effect, and to observe if the patient was susceptible 
to propofol-induced hypotension. The second bolus of 
propofol was injected for ETI.

Characteristics Group S (n = 35) Group R (n = 35) p values
Age (years) 45 (29, 52) 45 (30, 53) 0.764
Gender (male/female) 21/14 19/16 0.629
Weight (kg) 62.2 (8.6) 62.6 (7.5) 0.848
Height (cm) 164.6 (6.7) 163.9 (7.9) 0.696
BMI (kg/cm2) 23.0 (3.0) 23.3 (2.8) 0.660
ASA (I/II) 10/25 4/31 0.135

Table 1: Patients characteristics. 

Data are presented as median (25th, 75th percentiles), proportion, or mean (SD)

Vital signs
Before ETI

p values
After ETI

p valuesGroup S
(n = 35)

Group R
(n = 35)

Group S
(n = 35)

Group R
(n = 35)

MAP < 65 mmHg, n (%) 16 (45.7) 12 (34.3)
0.986

16 (45.7) 12 (34.3)
0.071MAP < 60 mmHg, n (%) 9 (25.7) 4 (11.4) 8 (22.9) 1 (2.9)

MAP < 55 mmHg, n (%) 3 (8.6) 1 (2.9) 5 (14.3) 0 (0)
SAP ≥ 180 mmHg, n (%) 0 (0) 0 (0) / 0 (0) 0 (0) /
HR < 50 bpm, n (%) 3 (8.6) 5 (14.3)

0.841
4 (11.4) 6 (17.1)

0.955
HR < 45 bpm, n (%) 1 (2.9) 1 (2.9) 2 (5.7) 3 (8.6)
HR ≥ 100 bpm, n (%) 0 (0) 0 (0) / 1 (2.9) 0 (0) 1

Table 2: The numbers and proportions of patients who had hypotension (MAP < 65 mmHg), hypertension (SAP ≥ 180 mmHg), bradycardia 
(HR < 50 bpm) and tachycardia (HR ≥ 100 bpm) before or after ETI.

Data are presented as number (percentage)

Group S (n = 35) Group R (n = 35) p value
Propofol 1 (mg/kg) 0.6 (0.5, 0.7) 0.6 (0.5, 0.6) 0.115
Propofol 2 (mg/kg) 1.5 (1.1, 1.7) 0.5 (0.3, 0.5)* 0.001

Table 3: The doses of injected propofol.

Data are presented as median (25th, 75th percentiles)
Propofol 1: The first bolus of propofol; Propofol 2: The second bolus of propofol.
*Significantly different, compared to Propofol 2 in Group S
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Opioids such as fentanyl, sufentanil, and remifentanil 
could enhance the hypnotic effect of propofol [16]. Therefore, 
less propofol was needed in combination with opioids for 
anesthetic induction. In the present study, after the onset of 
sufentanil, the dose of the first injection of propofol was 0.6 
(0.5, 0.7) mg/kg, which effectively hypnotized the patients 
with a significant decrease of BP and HR. However, the first 
low dose of propofol was insufficient to provide an adequate 
depth of anesthesia for ETI, and propofol was eliminated 
fast after a bolus injection [12]. Therefore, a second bolus of 
propofol was injected. To perform ETI after 6 min of sufentanil 
injection, the second bolus of propofol was injected 4.5 
min after the completion of sufentanil injection because 
the maximal hypnotic effect was achieved after 1.5 min of 
propofol bolus [12]. Hence ETI could be performed at the 
maximal effects of sufentanil, propofol, and cisatracurium.

The second bolus dose of propofol in Group S was 1.5 (1.1, 
1.7) mg/kg, which was based on the total induction dose of 
propofol (1.5 to 2 mg/kg) [13,15]. Our results showed that 
the BP in Group P decreased further after the second bolus 
of propofol.The incidence of MAP lower than 60 mmHg was 
25.7% before ETI, which was less than previously reported 
(45%) [13]. We considered that separated injection of 
propofol might have less impact on hemodynamics. In 
addition, we defined hypotension as MAP < 65 mmHg, and 
was categorized into MAP < 65 mmHg, MAP < 60 mmHg, 
and MAP < 55 mmHg. This categorization was based on that 
intraoperative MAP lower than 65 to 55 mmHg was associated 
with increased risk of postoperative acute kidney injury and 
myocardial injury [17]. Hence the present study also indicated 
that despite separated injection of propofol, the incidence of 
risky hypotension (MAP < 65 mmHg) was still high (45.7%).

Right after ETI, the HR and BP significantly increased 
at T3, this indicated that the common induction doses of 
sufentanil and propofol were still insufficient to suppress ETI 
induced cardiovascular response. Therefore, to suppress the 
stimulation of ETI in this induction protocol, an additional 
short acting drug may be helpful. Previous studies showed 
that a bolus dose of remifentanil 1 mcg/kg and 2 mcg/kg 
dose dependently suppressed ETI induced cardiovascular 
response, and 2 mcg/kg of remifentanil was associated 
with more adverse cardiovascular depression [10,18]. The 
mechanism might be remifentanil induced depression on 
baroreceptor reflexes and sympathetic activity [8,10]. Based 
on the combination of sufentanil, 1 mcg/kg remifentanil was 
added before ETI in the present study. Since the peak effect 
of remifentanil was achieved 1.5 min after a bolus injection 
in adults [7], remifentanil was injected immediately after 
the second bolus of propofol. Moreover, remifentanil could 
reduce the dose of propofol required to hypnotize patients 
[16,19], hence the second bolus dose of propofol was reduced 
to 0.5(0.3, 0.5) mg/kg, which was based on our pilot study.

In the present study, the BP and HR in Group R decreased 
further after the bolus of remifentanil with similar incidence 
and severity of hypotension and bradycardia compared 
with Group S. The effects may due remifentanil induced 
sympathetic depression and propofol induced venodilation 
and cardiac depression [8,10,14]. Right after ETI at T3, the 

DAP, MAP, and HR increased significantly in the Group R. 
However, the SAP in Group R did not significantly increase 
after ETI. Moreover, the HR at T 3 in Group R was significantly 
lower than Group S. These results indicated that despite 
similar hemodynamic depression after anesthetic induction, 
additional remifentanil combined with less propofol was 
more effective in suppressing ETI induced cardiovascular 
response.

Furthermore, the BP decreased significantly again after 
ETI in Group S but not in Group R. Meanwhile, the BP at 
T5 in Group R was significantly higher than Group S. This 
difference may due to less propofol use in Group R than 
Group S. Besides, the incidence and severity of hypotension 
and bradycardia before or after ETI was not significantly 
different between the groups, these results indicated that the 
additional remifentanil combined with a low dose of propofol 
may cause less hemodynamic fluctuation during sufentanil 
based induction of anesthesia.

Limitations
There are certain limitations of the present study. First, 

we did not use invasive blood pressure monitor, hence we 
could not observe the continuous change of blood pressure 
during anesthetic induction, and the lowest and highest 
blood pressure were unable to record. Second, we did not 
set another group which was consisted with remifentanil, 
propofol, and cisatracurium because of different protocols 
for anesthetic induction. Third, we did not test different 
doses of sufentanil or remifentanil in the anesthetic induction 
protocol, and the dose of propofol was also different based 
on the age and BP. Since drug tolerance is correlated with 
age, titrated doses of different drugs could be individualized 
[1,7].

Conclusions
The combination of sufentanil and remifentanil is superior 

to sufentanil alone for attenuating the cardiovascular 
response induced by ETI without cardiovascular compromise 
during anesthetic induction. The induction dose of propofol 
could be reduced.
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