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Abstract: Objective: To assess the effect of low-dose norepinephrine infusion on hemodynamic changes during 
anesthesia induction and its correlation with postoperative recovery in elderly patients undergoing robot-assisted 
radical prostatectomy. Methods: A prospective observational study was conducted on 63 elderly patients divided 
into two groups: the norepinephrine group (NE group) receiving 2-5 μg/kg·h norepinephrine by injection pump during 
anesthesia induction, and the control group (C group) with regular anesthesia. Heart rate (HR) and invasive blood 
pressure (BP) were recorded at four time points: before induction, pre-intubation lowest value (T1), post-intubation 
(T2), and lowest BP between intubation and skin incision (T3). Postoperative recovery (QoR-15) was evaluated on 
Days 1 and 3. Results: Statistically significant differences in systolic (SBP) and diastolic blood pressure (DBP) were 
observed between groups at T1 and T3 (P<0.05), but no significant differences in HR were found at any time point 
(P>0.05). The NE group had significantly higher SBP, DBP, and HR at T1 and T3 compared to the C group (P<0.05). 
Hemodynamic stability was significantly better in the NE group (P<0.05). No significant differences were seen in 
QoR-15 scores or postoperative hospital stay between groups (P>0.05), but the Barthel Index increased significantly 
in the NE group (P<0.05). Conclusions: Continuous low-dose norepinephrine infusion effectively reduced blood 
pressure and heart rate fluctuations during anesthesia induction. However, the study showed only a weak correla-
tion between intraoperative hemodynamic changes and postoperative recovery.
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Introduction

As the general population lives longer [1] and 
health care is enhanced, anesthesiologists are 
more likely to encounter more geriatric surgical 
patients, many of whom are frail or suffer from 
multiple diseases. According to the United 
Nations, by 2050, there will be 400 million 
Chinese citizens aged 65 and older [2]. In addi-
tion, approximately 45 million surgeries are 
performed annually in China, and 40% of 
patients are older than 65 years of age (data 
obtained from the National Bureau of Statistics 
of China). Because of the increasing proportion 

of the elderly population, anesthesiologists 
have been searching for good techniques to 
optimize the perioperative safety and experi-
ence of patients [3, 4].

It is well known that general anesthetics have a 
strong effect on hemodynamic stability, espe-
cially during the anesthesia induction period 
[5], and hemodynamic changes throughout a 
surgery even affect the patient’s postoperative 
recovery [6, 7]. Previous studies have shown 
that increased blood pressure and heart rate 
(HR) may increase the risk of arrhythmia, myo-
cardial infarction, and cerebral hemorrhage [5, 
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8]; however, dramatically decreased blood pre- 
ssure may also result in cerebral ischemia, 
myocardial injury and kidney dysfunction 
among susceptible individuals, especially tho- 
se with advanced age or those suffering from 
coronary artery disease, hypertension or cere-
brovascular disorders [7, 9, 10]. Many drugs 
can be used to minimize hemodynamic fluctua-
tion during the anesthesia induction period. 
However, some studies have presented diverse 
results regarding this issue and used different 
techniques to minimize hemodynamic changes 
[11, 12]. Furthermore, the optimal manage-
ment for decreasing hemodynamic alterations 
in patients and the best drug dosage choice are 
not yet clear [13-15]. In the clinical setting, we 
infused low-dose norepinephrine through the 
general anesthesia induction period to soften 
the hemodynamic effects of anesthetics in 
elderly individuals.

Therefore, the purpose of this study was to 
evaluate the effects of a continuous infusion of 
low-dose norepinephrine on the hemodynamic 
changes during the induction of anesthesia 
and postoperative recovery in elderly patients 
through collection and analysis of the patient’s 
hemodynamic data, the Mandarin version of 
the Quality of Recovery-15 (QoR-15) score, [16-
18] and the Barthel Index [19].

Patients and methods

Study patients and study design

After approval by the Ethics Committee of  
Drum Tower Hospital, Medical College of 
Nanjing University (2020-124-02), and provi-
sion of written informed consent, 63 elderly 
patients aged between 65 and 85 years old, 
with American Society of Anesthesiologists 
(ASA) physical status II-III and scheduled for 
robot-assisted radical prostatectomy for pros-
tate cancer, were included in this prospec- 
tive observational study. The exclusion criteria 
included patients who refused to participate in 
the study, patients with cardiac implanted 
pacemakers, patients who presented with 
interference from any of the techniques or 
drugs used in the present study, patients who 
were obese if their body mass index (BMI) was 
≥30 kg/m2, and patients with preexisting 
severe heart, liver, or kidney dysfunction.

After arrival in the operating room and routine 
monitoring, including electrocardiogram, pulse 

oximetry, nasopharyngeal temperature, and 
noninvasive arterial pressure, the radial artery 
was cannulated to constantly monitor hemody-
namic changes through the general anesthesia 
induction period. The researchers responsible 
for the follow-up postoperative recovery scoring 
were blinded to the study hypothesis regarding 
the effects of low-dose norepinephrine on 
hemodynamic changes during the induction  
of anesthesia and the relationship between 
hemodynamic stability and postoperative re- 
covery. According to the habits of different 
anesthesiologists, general anesthesia was in- 
duced with intravenous injection of midazolam, 
etomidate and/or propofol, fentanyl, and rocu- 
ronium with or without injection of norepineph-
rine by an injection pump (2-5 μg/kg*h) throu- 
gh the induction period (Supplementary Table 
1). Before induction, hemodynamic data such 
as heart rate (HR), systolic blood pressure 
(SBP) and diastolic blood pressure (DBP) were 
measured twice in awake patients without any 
medication, and their average values were 
taken as the preoperative baseline value (T0). 
The extreme points of hemodynamic fluctua-
tions at the following three time points were 
recorded: before endotracheal intubation (T1), 
immediately after intubation (T2), and the low-
est value of blood pressure between intubation 
and skin incision (T3). After surgery, patients 
were delivered to the recovery room or AICU  
for recovery and then returned to the ward the 
next morning. Postoperative recoveries and 
physical function were evaluated by the QoR- 
15 at postoperative Day 1 and Day 3 and by  
the Barthel Index at postoperative Day 1. The 
total score on the QoR-15 ranges from 0 (the 
poorest quality of recovery) to 150 (the best 
quality of recovery), and the Barthel Index rang-
es from 0 (the poorest physical function) to 100 
(the best physical function).

Definition of the extreme points of blood pres-
sure fluctuation

Fluctuations in a patient’s blood pressure dur-
ing the anesthesia induction period were quan-
tified by calculating the variance of the pati- 
ent’s extreme point blood pressure record (T1, 
T2, and T3) during induction. Variance is a mea-
sure of the data spread. Therefore, a patient 
whose blood pressure fluctuates more during 
the induction period, commonly known as blood 
pressure lability, will have greater variance than 
a patient whose blood pressure remains rela-
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tively constant. Blood pressure fluctuations at 
each time point were calculated according to 
the formula variance 100%T T

T T
1

1
x

x

x x=
-

#
-

- , where Tx 
is a patient’s blood pressure at a particular 
time point and Tx-1 is the patient’s blood pres-
sure before that time point. Hemodynamic sta-
bility was defined as variance at any time point 
of less than 30%.

Statistical analysis

The primary outcome was hemodynamic chang-
es in the general anesthesia induction period. 
The secondary outcome was the quality of post-
operative recoveries. According to the primary 
outcome, the power was 91% (calculated by 
PASS version 11.0) with a sample size of 63.

assisted radical prostatectomy were enrolled in 
the study. Chi-square tests and Student’s t 
tests showed no significant differences regard-
ing age, BMI, background history, or ASA clas-
sification between the groups (Table 1).

Primary outcomes

The hemodynamic data at the different time-
points are presented in Table 2. There were no 
significant differences between the two groups 
in baseline SBP, HR or DBP (P = 0.125, 0.415 
and 0.165, respectively). Significant differenc-
es in SBP and DBP were observed between the 
two groups at T1 (P = 0.011 and 0.000 for SBP 
and DBP, respectively) and T3 (P<0.001 and = 
0.001 for SBP and DBP, respectively). The HR 
showed no significant differences at any time 

Table 1. Patient characteristics in the two groups
Characteristic NE group (n = 33) C group (n = 30) t/z/χ2 P
Age (yr)a 71.0 (66.0-76.0) 71.5 (68.9-75.0) 0.596 0.507
BMI (kg/m2)b 24.6 (21.5-26.8) 25.1 (22.9-27.3) 1.108 0.349
ASA class II/III 13 (39%)/20 (61%) 14 (47%)/16 (53%) 0.339 0.560
Hypertension 24 (72.4%) 21 (70%) 0.057 0.811
Diabetes 1 (3%) 2 (6.7%) 0.458 0.498
Coronary artery disease 4 (12.1%) 4 (13.3%) 0.021 0.885
Data are expressed as the median (interquartile range) or number of patients (%) as appropriate. aMann-Whitney U test. 
bStudent’s t test. NE group = low-dose norepinephrine group; C group = regular anesthesia induction group. ASA = American 
Society of Anesthesiologists; BMI = body mass index.

Table 2. Hemodynamic data at the different time points
NE group (n = 33) C group (n = 30) t/z P

SBP (mmHg)
    T0 164.2±13.9 169.9±13.9 1.557 0.125b

    T1 129.1±14.3 116.8±21.6* 2.650 0.011b

    T2 167.3±22.2 171.8±25.6 0.751 0.455b

    T3 128.5±15.4 113.6±17.4* 3.625 0.000a

HR (bpm)
    T0 73.7±10.1 70.2±10.6 0.896 0.412a

    T1 65.6±10.0 60.9±10.6 1.803 0.076b

    T2 79.9±15.4 86.0±13.4 1.676 0.099b

    T3 59.6±8.9 59.5±11.9 0.054 0.957b

DBP (mmHg)
    T0 78.9±8.5 75.3±12.1 1.404 0.165b

    T1 71.4±12.1 56.5±11.0* 5.074 0.000a

    T2 84.3±11.6 82.1±15.4 0.654 0.515b

    T3 67.3±7.2 59.6±9.6* 3.618 0.001b

Data are expressed as the mean ± SD. aMann-Whitney U test. bStudent’s 
t test. *Denotes significance in different states between groups (P<0.05). 
NE group = low-dose norepinephrine group; C group = regular anesthesia 
induction group.

For statistical analysis, the SPSS 
package (version 26.0, SPSS, Chi- 
cago, IL) was used. All quantitative 
variables were tested for normal  
distribution by means of the Kol- 
mogorov-Smirnov test and were pre-
sented as the median (interquartile 
range) or the mean ± SD. For com-
parisons of quantitative variables 
between the groups, Student’s t test 
was used for normal data, and for 
nonnormal data, the Mann-Whitney 
test was used. Categorical variables 
and proportions were compared 
between the groups using the chi-
square test or Fisher’s exact test as 
needed. A P value <0.05 was consid-
ered significant.

Results

Between September 2, 2020 and 
December 5, 2020, a total of 63  
eligible patients undergoing robot-
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point, and SBP and DBP presented no signifi-
cant differences at T2 (Figure 1). There were 
significant differences in SBP, DBP, and HR vari-
ances between the two groups at T1, T2, and 
T3. The SBP variance was higher in the C group 
than in the NE group at T1 (P<0.05) (Table 3). 
The induction time, i.e., the time between the 
start of injection of anesthetic, and skin inci-
sion showed no significant differences between 
the two groups. The hemodynamic data stabili-
ty was significantly higher in the NE group than 
in the C group (P = 0.018, 0.021 and 0.001 for 
SBP, HR and DBP, respectively) (Table 3). There 
were no significant differences in the dosage  
of anesthetics for induction between the two 
groups (Supplementary Table 1).

Secondary outcomes

The effect of norepinephrine usage on postop-
erative recovery is presented in Table 4. The 
QoR-15 score showed no statistical signifi-
cance at postoperative Days 1 and 3 between 
the groups (120.0 vs. 120.0 and 126.0 vs. 
128.5, respectively). Postoperative nausea or 
vomiting (PONV), flatus time, and hospital stay 
duration after surgery also showed no signifi-
cant differences between groups (P>0.05). The 
Barthel Index at postoperative Day 1 was sig-

nificantly higher in the NE group than in the C 
group (P<0.05). The first ambulation times in 
the C group were longer than those of the NE 
group (P = 0.029, 23.1 vs. 20.5 in the C group 
vs. the NE group).

The relationships between postoperative re- 
covery and hemodynamic stability at the induc-
tion period are introduced in Table 5. The QoR-
15 at postoperative Day 1 and Day 3 and the 
Barthel Index showed no significant differenc- 
es between the hemodynamically stable group 
and the unstable group. First ambulation time, 
hospital stay duration after surgery, and PONV 
also showed insignificant differences between 
the groups. Furthermore, flatus time decreased 
significantly in the hemodynamically stable 
group (P = 0.039 13.2 vs. 24.0 in the stable 
group vs. the nonstable group).

Discussion

It is essential for anesthesiologists to improve 
intraoperative safety and to enhance the quali-
ty of postoperative recovery. Dramatic hemo- 
dynamic changes may increase cardiac and 
important organ dysfunction. The present study 
demonstrated that low-dose induction of nor-
epinephrine (2-5 µg/kg*h) improved the stabil-

Figure 1. Effect of norepinephrine on hemodynamic 
changes in the anesthesia induction period (A: Sys-
tolic blood pressure; B: Diastolic blood pressure; C: 
Heart rate). The hemodynamic data were taken before 
induction (T0), before endotracheal intubation (T1), 
immediately after intubation (T2), and before skin inci-
sion (T3). The data are presented as the mean ± stan-
dard deviation; NE group - low-dose norepinephrine 
group; C group - regular anesthesia induction group.
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Table 3. Blood pressure and HR variance between the groups
NE group (n = 33) C group (n = 30) t/z/x2 P

Induction time (min) 30.0 (22.5-35.0) 30 (23.75-40.0) 0.588 0.557
SBP variance (%)
    T1 -21.2±8.0 -31.4±10.3* 4.400 0.000b

    T2 30.3±17.3 50.9±30.4* 2.711 0.007a

    T3 -22.2±11.6 -32.7±13.1* 3.377 0.001b

    Stability of SBP 16 (48.5%) 6 (20%)* 5.610 0.018
HR variance (%)
    T1 -10.7±10.0 -12.7±11.9 0.702 0.485b

    T2 22.6±20.4 42.4±23.0* 3.798 0.000b

    T3 -23.8±13.3 -30.4±12.3* 2.052 0.046b

    Stability of HR 17 (51.5%) 7 (23.3%)* 5.292 0.021
DBP variance (%)
    T1 -9.4±12.9 -23.9±14.2 3.861 0.000a

    T2 19.4±15.2 49.2±34.8* 3.688 0.000b

    T3 -19.2±10.5 -25.7±14.6* 1.898 0.047b

    Stability of DBP 23 (69.7%) 8 (26.7%)* 11.642 0.001
Data are expressed as the mean ± SD or number of patients (%) as appropriate. 
aMann-Whitney U test. bStudent’s t test. *Denotes significance in different states be-
tween the groups (P<0.05). - Indicates that the hemodynamic value decreased at this 
time point. NE group = low-dose norepinephrine group; C group = regular anesthesia 
induction group.

ity of hemodynamic changes at the anesthesia 
induction stage in elderly people. In addition, 
we observed that there were no or only weak 
associations between hemodynamic stability 
and the quality of postoperative recovery 
(Tables 4, 5).

Clinically, fluctuations in blood pressure in- 
duced by standardized anesthesia remain a 
common and expected response and are con-
sidered in principle to be compensated for by 
vasoactive drugs and intravenous fluids or 
anesthetics [20, 21]. Usually, because of 
decreased cardiovascular tension and in- 
creased body fat proportion, elderly individuals 
are more vulnerable to drug-induced adverse 
effects, and certain drugs may have more pro-
found and prolonged effects [22, 23]. Studies 
have implicated several anesthetics to have  
a stabilizing effect on hemodynamic changes 
during the anesthesia induction period [24, 
25]. Receiving a preoperative fluid bolus de- 
creased the incidence of significant blood pres-
sure drops and the need for vasoactive drugs 
during anesthesia induction [26]. Theoretically, 
concomitant use of vasoactive drugs and pre-
operative fluids may be a superior approach to 
prevent a drop in blood pressure during the 

induction of anesthesia. 
Solitary use of α1-agonists 
may lead to abundant vaso-
constriction and poor per- 
fusion; thus, these drugs 
should not be used as pri-
mary drugs before ruling out 
or normalizing a low level of 
venous return with intrave-
nous fluids [27, 28]. How- 
ever, rapid rehydration and 
fluid overload may lead  
to myocardial edema and  
compromised cardiovascu-
lar function [29]. The bene-
fits of the use of vasopres-
sors instead of conventional 
fluid loading during induc-
tion were not verified in the 
studies; thus, more studies 
are needed regarding hemo-
dynamic stability and post-
operative outcomes. It has 
been suggested that being 
proactive in minimizing peri-
operative insufficiency and 

fluctuations in blood pressure is beneficial in 
reducing the incidence of complications [7, 10]. 
It is necessary to begin this work before surgery 
during induction of anesthesia [30, 31]. The 
aim of the study was to demonstrate that nor-
epinephrine is effective in minimizing BP fluc-
tuation during general anesthesia induction 
without complications. Indeed, the induction of 
anesthesia should be considered one of the 
most critical stages in general anesthesia, 
since it presents challenges for patient safety. 
Anesthesia-inducing drugs can inhibit the hy- 
perexcitability of the sympathetic nerve associ-
ated with endotracheal intubation and easily 
lead to vasodilation and intraoperative hypo-
tension. If the dose of anesthesia-inducing 
drugs is reduced to prevent hypotension during 
induction, it may lead to serious cardiovascular 
side effects of endotracheal intubation. This 
paradox was more pronounced among the 
elderly [32]. In those studies, no drugs had 
been provided to prevent sympathetic hyperac-
tivation following intubation, yet hemodyna- 
mic fluctuations were significantly observed in  
comparison with the pre-injection values [12]. 
Attenuation of such changes in cardiovascular 
responses is vital in the prevention of periop-
erative mortality and morbidity [12, 33]. Studi- 
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Table 4. Postoperative data comparisons between the two groups
NE group (n = 33) C group (n = 30) t/z/x2 P

Post-Day 1 QoR-15 120.0 (115.5-123.0) 120.0 (117.0-123.5) 0.540 0.589a

Post-Day 3 QoR-15 126.0 (120.0-133.0) 128.5 (122.8-140.0) 1.012 0.311a

Post-Day 1 Barthel Index 66.1±9.8 58.7±15.0* 2.338 0.023b

Postoperative nausea or vomiting 7 (21.2%) 4 (13.3%) 0.677 0.411
Flatus time (h) 24.0 (18.0-26.4) 26.4 (21.0-36.0) 1.275 0.202a

First ambulation time (h) 20.5±5.3 23.1±5.0* 2.180 0.029a

Hospital stay duration after surgery (days) 6.0 (4.5-8.0) 7.0 (5.0-10.0) 1.628 0.104a

Data are expressed as the M (IQR), mean ± SD or number of patients (%) as appropriate. aMann-Whitney U test. bStudent’s 
t test. *Denotes significance in different states between the groups (P<0.05). NE group = low-dose norepinephrine group; C 
group = regular anesthesia induction group.

Table 5. Relationships between postoperative recovery and hemodynamic data stability during the 
induction period

Stable (n = 12) Not stable (n = 51) t/z/x2 P
Post-Day 1 QoR-15 120.0 (115.8-124.5) 120.0 (117.0-123.0) 0.079 0.937a

Post-Day 3 QoR-15 131.0 (124.3-143.4) 127.0 (119.0-135.0) 1.244 0.214a

Post-Day 1 Barthel Index 61.3±12.8 62.8±13.1 0.380 0.705b

Postoperative nausea or vomiting 0 (0.0%) 11 (21.6%) 1.818 0.178
Flatus time (h) 13.2 (9.6-28.2) 24.0 (21.6-33.6) 2.062 0.039a

First ambulation time (h) 21.6 (21.6-24.0) 21.6 (19.2-24.0) 0.893 0.372a

Hospital stay duration after surgery (days) 6.0 (5.0-8.75) 6.0 (5.0-9.0) 0.265 0.791a

Data are expressed as the M (IQR), mean ± SD or number of patients (%) as appropriate. aMann-Whitney U test. bStudent’s t 
test. Stable = SBP, HR and DBP variance at T1, T2 and T3 below 30%; Not stable = SBP, HR or DBP variance at T1, T2 or T3 
over 30%.

es have shown that during and after noncardiac 
surgery, hyperactivation of the sympathetic 
nervous system occurs, which could lead to a 
mismatch between the supply of and demand 
for myocardial oxygen and to subsequent myo-
cardial infarction [32, 34]. Our study showed 
that norepinephrine could dampen the blood 
pressure changes in the induction period; fur-
thermore, blood pressure drops in elderly indi-
viduals at the induction time were mostly 
caused by anesthetics. Thus, norepinephrine 
may be a better option for preventing a drop  
in blood pressure than preinduction fluid 
infusion.

In terms of norepinephrine use and postopera-
tive recovery, this study found that norepineph-
rine increased the Barthel Index on the first 
postoperative day and reduced the time to first 
ambulation. At the same time, in our study, sta-
ble blood pressure had no effect on PONV, 
which was contradictory to other studies [35]. 
Elderly patients tend to exhibit exaggerated 
hypoactivity after surgery [22]. In our study, the 
use of norepinephrine reduced the postopera-

tive immobility time, which has not been previ-
ously reported. Hirsch [7] et al. reported that 
decreases in blood pressure during surgery 
were not associated with a significant increase 
in the risk of postoperative delirium. Rather, 
fluctuations in blood pressure during surgery 
were associated with early postoperative deliri-
um. Our findings suggested that blood pressure 
stability in the anesthesia induction period was 
not related to the QoR-15 scale after surgery, 
and its relationship with postoperative delirium 
needs to be further examined.

Limitations

Our findings may be somewhat limited by sev-
eral factors, such as the low number of sub-
jects (n = 63), which may have contributed to a 
reduced statistical power of the secondary out-
come results. Another potential concern of our 
study was the anesthesia induction period, 
where hemodynamic measurements changed 
dramatically compared to any other periopera-
tive period, which may have been the result of 
the hemodynamic changes in our study being 
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more prominent than in other studies [10, 23]. 
Furthermore, we observed hemodynamic ch- 
anges with or without norepinephrine only in 
the anesthesia induction period and not 
throughout the operation process, which may 
not have had a profound influence on postop-
erative recovery. The changes in electrical 
heart function and the depth of anesthesia 
were not assessed. Finally, since this was a 
single-center study, our results may not be 
applicable to other settings.

Conclusion

The results of this study showed that continu-
ous infusion of low-dose norepinephrine (2-5 
μg/kg*h) could effectively reduce BP and HR 
fluctuations during the induction of anesthesia. 
Also, there was only a weak association bet- 
ween blood pressure fluctuations in the induc-
tion period and postoperative recovery.
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Supplementary Table 1. Comparison of anesthetics in the induction period
Group NE Group C t/z P

Midazolam (mg/kg) 0.029 (0.026-0.031) 0.029 (0.025-0.035) 0.014 0.989a

Etomidate (mg/kg) 0.208 (0.170-0.250) 0.206 (0.149-0.260) 0.296 0.767a

Propofol (mg/kg) 0.036 (0.000-0.048) 0.013 (0.000-0.083) 0.825 0.409a

Fentanyl (ug/kg) 3.677 (3.290-3.914) 3.280 (20857-3.930) 1.714 0.086a

Rocuronium 0.114 (0.103-0.126) 0.108 (0.101-0.118) 1.655 0.103b

Data are expressed as median (interquartile range). aMann-Whitney U test. bStudent’s t test. Group NE = low dosage norepi-
nephrine group; Group C = regular anesthesia induction group.


