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1 Introduction
Shivering is a common complication of anesthesia with 

incidence rate reported to be between 26% and 74% in the general 
anesthesia (Eberhart et al., 2005). Clinically, shivering is noticed 
as uncoordinated and involuntary oscillatory contraction of 
skeletal muscle to elevate body’s temperature. Shivering might be 
associated with several adverse events to both healthy individuals 
and hospitalized patients who are recovering from anesthesia 
or treated with hypothermia (Park  et  al.,  2012). Shivering is 
uncomfortable to patients (Ostheimer & Datta, 1981). It might 
also worsen post operation pain by stretching surgical incisions 
(Crossley, 1992). In addition, shivering increases consumption 
of oxygen, production of carbon dioxide, and release of 
catecholamine, which result in increased cardiac output, arterial 
pressure and heart rate (Bicer et al., 2006). These conditions 
might impose extra risk on patients with existing cardiac or 
pulmonary conditions. Effective prevention and treatment of 
shivering are essential in increasing postoperative comfort and 
reducing shivering related complications.

With an aging population, nowadays, surgeries among elderly 
population is more and more common. These patients are more 
likely to have complications of heart, brain and lung, which 
might impose extra challenges for anesthesia and operation. 
In transurethral resection of the prostate (TURP), the average 
age of patients undergoing TURP is approximately 69 years. 
Intraspinal  anesthesia is commonly performed. Intraspinal 

anesthesia might result in skin vessels dilation in the blockage 
area, causing local heat redistribution and decrease central 
temperature. In  addition, elder patients might have reduced 
thermoregulatory ability, which further increase the risk of 
shivering. In TURP operation, a large amount of fluid flushing 
is often required and intraoperative bleeding might occur. 
Altogether, patients might be at risk of low blood pressure, 
low body temperature during operation, which all increase the 
risk of intraoperative and postoperative shivering and unstable 
hemodynamic status.

Shenfu injection solution, a traditional Chinese medicine, 
has been used to improve cardiac function, improve the 
tolerance to anesthesia and surgery, and stabilize hemodynamic 
parameters (Wen-Ting et al., 2012; Ji et al., 2011; Gu et al., 2012). 
Shenfu  injection might have a beneficial effect on shivering 
prevention, but no study has been done. In this study, we 
aimed to assess the effect of Shenfu injection on intra- and post 
operation shivering. Our hypothesis was Shenfu injection can 
stabilize body temperature during TURP, reduce the incidence 
of shivering and stabilize the hemodynamic parameters.

2 Participants and method
The study is a randomized, double blind, and placebo-controlled 

study. The study was approved by the Institutional Review Board 
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of our hospital. Informed consent form was signed by each patient 
and their families before study enrollment. Inclusion criteria 
were: 1) underwent transurethral resection of the prostate; 
2) ASA physical status 1-3; 3) underwent combined spinal and 
epidural anaesthesia; 4) age > 60 years; and 5) signed informed 
consent. Exclusion criteria were: 1) changes in surgical and 
anesthesia method; 2) allergies to Shenfu injection solution; or 
3) refused to sign the informed consent form.

Between January 2018 and December 2018, 80 patients 
who received transurethral resection of prostate under 
combined spinal and epidural anesthesia consent to the study. 
Baseline characteristics, including age, ASA statute, diagnosis 
of hypertension, diabetes or neuropathy were documented. 
Neuropathy was defined as any diagnosis of any neurological 
diseases in the central nervous system, the peripheral nervous 
system, or the autonomic nervous system. Cerebral infarction, 
Parkinson disease and Alzheimer disease were observed in enrolled 
participants. Patients were randomized to experiment group 
(50 mL Shenfu injection before anesthesia) or control group 
(50  mL 0.9% sodium chloride injection before anesthesia) 
by random number table. Forty  patients were randomized 
to the experiment group, and 40 patients were randomized to 
the control group.

2.1 Operation

Surgery room temperature was maintained at 22-23  °C. 
A convective device blanket was applied to the center ventral 
body surface. No infusion warmer was used during the operation. 
Electrocardiograph (ECG), heart rate (HR), systolic blood 
pressure (SBP), and diastolic blood pressure (DBP) were routinely 
monitored. For patients in the experiment group, 50 mL of Shenfu 
injection solution was given before anesthesia. For patients in the 
control group, 50 mL of 0.9% sodium chloride injection solution 
was given accordingly. Combined spinal and epidural anesthesia 
was performed. Epidural anesthesia was performed with 0.5 mL 
0.5% ropivacaine. The anesthesia plane was controlled at a level 
around T10. If the anesthesia plane does not meet the surgical 
requirements, an addition of 10-15  mL of 0.5% ropivacaine 
hydrochloride was added. If the patient experienced bradycardia, 
hypotension et al, the anesthesiologist would take appropriate 
action and record the situation.

Axillary temperature at baseline, after the anesthesia, at 
the beginning of the operation, and at the end of the operation 
was documented. Shivering was graded as a five-point grade: 0: 
no shivering; 1: fasciculation of vertical muscles or peripheral 
vasoconstriction but no visible tremor; 2: tremor involving 
one muscle group; 3: tremor involving more than one muscle 
group; 4: gross muscle activity involving the entire body. A nurse 
blinded to patient assignment documented shivering every 
15  minutes after the operation start. If a grade 3 or grade 4 
shivering occurred, the patient was considered to have a clinical 
shivering, and a slow intravenous infusion of 50 mg tramadol 
was administered. Hemodynamic changes, including HR, SBP 
and DBP were monitored. Potential adverse reactions, including 
nausea, vomiting, dizziness and headache was monitored during 
operation and after operation.

2.2 Statistical analysis

Statistical analysis was performed using SPSS 22.0 statistical 
software (Chicago, SPSS Inc.). Continuous data were expressed as 
mean± standard deviation if following normal distribution, and 
expressed as median (interquartile range) if not. Categorical variables 
were expressed as number (percentage). Intention to treat 
analyses were performed using repeated measures ANOVA. 
Categorical data were compared using Chi-square test between 
groups. Two-sided p< 0.05 was considered statistically significant. 
The datasets used or analysed during the current study are 
available from the corresponding author on reasonable request.

3 Results

3.1 Baseline characteristics

A total of 80 patients undergoing transurethral resection 
of the prostate were included in the study. On average, patients 
were 73 years old. There were no significant differences in the 
age, ASA status, comorbidities, operation time, or intraoperative 
blood loss between the two groups (Table 1).

3.2 Axillary temperature

There was no significant difference in the baseline axillary 
temperature between the two groups (T= 36.60 ± 0.42 °C in the 
control group, and T = 36.56 ± 0.45 °C in the experiment group, 
p > 0.05, Figure 1). The body temperature of both groups decreased 
with the start of anesthesia and operation. The mean temperature 
in the control group decreased to 35.50 ± 0.33 °C post-operation, 
which was significantly lower compare to that at baseline (p =0.04). 
The mean temperature in the experiment group was also significantly 
lower than that at baseline (T = 36.02 ± 0.29 °C, p = 0.04). However, 
compared to the control group, the post-operation temperature was 
significantly higher in the experiment group (p=0.047).

3.3 Shivering

Eleven patients (27.5%) experienced 3-4 grade shivering 
in the control group, while 4 patients (10%) experienced 

Table 1. Baseline characteristics of patients.

  Control (n = 40) Shenfu (n = 40)

Age (years) 73.4 ± 10.2 72.6 ± 11.6

ASA status

I 4 3

II 24 27

III 12 10

Hypertension 23 21

Diabetes 9 10

Neuropathy 11 9

Operation (min) 68.6 ± 15.3 70.2 ± 13.6

Intraoperative blood 
loss (mL) 135.5 ± 25.9 129.9 ± 29.8
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3 grade shivering. The incidence of 3-4 grade shivering in the 
experiment group was significantly lower (P = 0.042, Table 2). 
Not surprisingly, the total dosage of tramadol administered 
was significantly lower in the experiment group (200 mg in the 
experiment group versus 550mg in the control group, p < 0.05).

3.4 Hemodynamic parameters

There was no significant differences in the baseline HR, SBP, 
or DBP between the two groups. No significant difference was 
observed after injection of Shenfu or placebo injection. With 
the start of anesthesia, the HR in the control group increased 
significantly (83.5 ± 9.8 bpm right before operation in the 
control group, p = 0.031 compared to the baseline) while the 
HR in the experiment decreased significantly (76.4 ± 7.9 bpm 
right before intervention in the experiment group, p = 0.027 
compared to the baseline, Figure 2A). After operation, the HR 
in the experiment group was significantly lower than that in 
the control group (73.9 ± 9.2 in the experiment group versus 
86.4 ± 12.1 in the control group, p = 0.015).

Blood pressure of the two groups decreased significantly 
after anesthesia, and further decreased after operation (p = 0.022 
in the control group and p=0.037 in the experiment group). 

Figure 1. Axillary temperature at baseline, after anesthesia, before 
operation, and after operation in the control group and the experiment 
group. Compared to the baseline temperature, the post-operation 
temperature in both groups were significantly lower (p < 0.05 for both). 
In addition, the post-operation temperature was significantly higher 
in the experiment group than that in the control group (p = 0.047).

Figure 2. Change of hemodynamic data in the two groups. The heart rate (HR) in the control group increased significantly while the HR in the 
experiment decreased significantly (A). After operation, the HR in the experiment group was significantly lower than that in the control group. 
Systolic blood pressure (SBP) in the two groups decreased significantly after anesthesia, and further decreased after operation (B). Compared to 
the control group, SBP was significantly higher in the treatment group right before operation and after operation. Diastolic blood pressure (DBP) 
in the two groups decreased significantly after anesthesia, and further decreased after operation (C). Compared to the control group, DBP was 
significantly higher in the treatment group right before operation and after operation.
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Compared to the control group, SBP was significantly higher 
in the treatment group right before operation (130.3 ± 16.5 in 
the experiment group versus 114.6 ± 23.8 mmHg in the control 
group, p = 0.026, Figure 2B), and after operation (124.3 ± 18.4 
in the experiment group versus 102.0 ± 20.7 in the control 
group, p = 0.029). Similarly, DBP was significantly higher in 
the experiment group after anesthesia, right before operation 
and after operation (p < 0.05 for all, Figure 2C).

3.5 Adverse events

Adverse reactions including bradycardia/ tachycardia 
(defined as 20% deviation from baseline) and high/low blood 
pressure (defined as 20% deviation from baseline) were rare 
(Table 3). No significant difference was observed compared to 
the control group (p > 0.05). There was no significant difference 
in the incidence of nausea and vomiting between the two groups 
(P > 0.05).

4 Discussion
In summary, our study demonstrated that among patients 

who received transurethral resection of prostate under combined 
spinal and epidural anesthesia, Shenfu injection before anesthesia 
prevented postoperative shivering and reduced the temperature 
and hemodynamic perturbation of anesthesia and surgery.

Shivering is a common complication of anesthesia. 
Reduced  thermoregulatory ability, irrigation fluid during 
surgery, blood loss, intravenous cold liquid and redistribution 
of body temperature after anesthesia might lower body’s central 
temperature and result in shivering. Shivering is uncomfortable 
for patients, might impair monitoring techniques, and might 
increase risk of complications (Lopez, 2018). Strenuous shivering 
can triple oxygen consumption and increase production of carbon 
dioxide, which might result in demand ischemia in patients with 
limited pulmonary or cardiac reservation (Kang et al., 2019; 
Wada  et  al.,  2019). Prevention of intra- and post operation 
shivering is of great importance to the elderly, especially elderly 
patients with reduced cardiopulmonary function.

Two Chinese herbal medicines, Radix Ginseng (ginseng) and 
Radix Aconiti Lateralis Preparata (prepared aconite root) have been 
used to treat heart failure for over 2000 years. Clinical practice 

has shown that ginseng and prepared aconite root could improve 
patients’ cardiac function and alleviate heart failure associated 
symptoms. Shenfu injection, which are mainly composed of 
extraction of ginsenosides and higenamine, has been used to 
treat cardiac disease in China for long period. Research  has 
demonstrated that ginsenosides might improve ischemic 
myocardial metabolism, protect myocardial ultrastructure reduce 
calcium overload and reduce free radicals (Wen-Ting et al., 2012). 
Higenamine has been shown to improve myocardial contractility, 
improve circulation and decrease the impact of acute myocardial 
ischemia (Gu et al., 2012). In mice model, Shenfu injection was 
shown to resist the lowering of limb temperature when the mice 
are in endotoxin induced microcirculation disturbance state 
(Yang et al., 2003). Consistent with the literature, in our study, 
patients who received Shenfu injection before anesthesia had 
higher body temperature. In addition, significant prevention of 
shivering was observed, which might be a result of more stable 
body temperature. Higher blood pressure and lower heart rate 
intra-and post operation were observed, which might be a result 
of less shivering. However, the stable hemodynamic parameters 
might decrease the risk of shivering in return.

Effective treatment of shivering has become imperative with 
increasing awareness of the potential complications associated 
with shivering (Buggy & Crossley, 2000). Most treatment for 
shivering are empiric. Unfortunately, the overall quality of the 
anti-shivering guidelines is low. Common pharmacological 
therapies include opioids, α2-agonists, anticholinergics, central 
nervous system stimulants, and corticosteroids (Lopez, 2018). 
However, potential adverse effects of these medications limit 
their use in clinical settings. These treatment might interfere 
with clinical impact during anesthesia recovery, might impede 
neurologic exams (Park  et  al.,  2012). In addition, these 
medications might affect hemodynamic and neurologic state, 
especially in elderly patients. Our study suggested a potential 
effective pharmacological prevention strategy for shivering and 
we showed that it is safe among elderly population.

Our study has several limitations. First, our study is a 
single-center study with small sample size. Second, though the 
enrolled patients were old, they had no coronary disease. Larger 
studies in patients with higher cardiovascular risk population 
are needed to further validate our results.

Table 2. Shivering during and post-operation in the two groups.

Grade
No. clinical shivering Clinical shivering Total dosage of 

tramadol (mg)0 1 2 3 4

Control 4 15 10 8 3 550

Shenfu 7 21 8 4 0 200

P value 0.042

Table 3. Incidence of adverse events in the two groups.

Tachycardia Bradycardia Hypotention Hypertension Nausea and vomiting

Shenfu 3 (7.5) 1 (2.5) 6 (15.0) 3 (7.5) 8 (20.0)

Control 5 (12.5) 2 (5.0) 8 (20.0) 4 (10.0) 10 (25.0%)
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In conclusion, our study demonstrated that Shenfu injection 
before anesthesia is effective in preventing shivering and stabilizing 
hemodynamic parameters in patients underwent TRUP. Our result 
suggested that Shenfu injection could be a safe and effective 
therapy for shivering prevention in elderly population.
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