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Abstract

Background: Patients will have a different feeling about the same temperature. This feeling will have some effect on the physiological 
reaction. The purpose of this research is to testify this question: Will chilly feeling enhance the pain induced by propofol injection?

Participants and Methods: One hundred and ninety-one patients with ASA physical status at I to II scheduled for pain-free 
Bronchoscopy underwent general anaesthesia were included in this research. The temperature of the operating room was set to 22℃ 
and a 22 G vein cannula was inserted into a vein on the dorsum of the hand. Patients were allocated into 3 groups according to their 
feeling on the set temperature: Group W (patients reported with warm feeling), Group J (patients reported with just right) and Group 
C (Patients reported with chilly or cold feeling). After an average of three times of measurements, core temperature was recorded 
from ear temperature with a portable infrared thermometer. A temperature probe was patched in the centre of injecting hand, to get 
peripheral temperature. Propofol (1%) 2 mg/kg for inducing was injected by a pumper at a speed of 5 ml/min. Injection pains were 
recorded following 0 for no pain, 1 for mild pain, 2 for moderate pain or severe pain and 20 mg 0.5% lidocaine was injected for pain-
relieving reinforcements. A nasal catheter oxygen supply at 2 L/min was maintained.

Results: (1) Total incidence of injection pains in all of the patients was 68% (130/191) including pain scale at 1 to 2 in our study; 
(2) Incidence of injection pain in group Chilly was significantly higher than that in Group Just and Group Warm (p < 0.05); (3) 
No significant difference was found among three groups in Central temperature; (4) Pain Intensity of injection in group Chilly was 
significantly severe than that in Group Just than Group Warm (p < 0.05). 

Conclusion: Comparing to warm and just right feeling, Patients with normal core temperature but the chilly feeling will suffer more 
frequent and intense Propofol-induced injection pain during the induction procedure of general anaesthesia.
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Introduction

Induction with propofol intravenously for general anaesthesia and sedation is very popular for adults in China and beyond [1,2]. Pro-
pofol is also welcomed by most patients because of its rapid onset, short active duration and less severe side effects [3]. Despite these 
positive profiles, injection pain induced by propofol was very common in clinical practice in the past, with about 60% injection pains 
reported in some reports [4]; some of these pains can be very severe which caused the patients to get discouraged in having or getting 
injections [4]. This pain was related to many factors, including the injection sites [5], injecting speed [6], Carrier fluid injection speed 
[7,8], etc on. To reduce this injection pain, various methods had been adopted, including pretreatment with opiates [9], lidocaine [10,11], 
tramadol, ketamine [12] or ondansetron [13]. Different dilutions and different temperatures of propofol [14] were also tested by some 
researchers [4]. A review on propofol injection pains concluded that the two most efficacious methods to reduce injection pains were the 
following [4]: one is injection through the larger vein (Antecubital Vein or larger), and the other is pretreatment using 20 - 50 mg lidocaine 
in conjunction with venous occlusion. However, in that review, the author did not pay much attention to the temperature. 
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To reduce injection pain of propofol, a few researchers focused on the temperature of propofol solutions [14-16], while others paid 
some attention to the injection temperature [14]. Research that focused on local temperature showed that when propofol was injected by 
TCI in patients whose arms had been pre-warmed would suffer less intense injection pain [10]. According to this result, they concluded 
that a warm arm would have a larger vein than those whose arms were not warmed up, which could result in a less intense injection pain. 

People might have a varied feeling even in the same temperature [17], ranged from 20℃ to 24℃; this feeling will have some effect on 
some physiological reaction. Subcutaneous blood vessels will shrink after a chilly or cold feeling, which might make some contribution 
to making those veins smaller [18], while a warm feeling about the temperature will get impulse from the central nervous system for 
vasodilation to dilate blood vessels [19,20]. With this in mind, it suggested that if a cold or chilly feeling was presented by the patients, 
the intensity of propofol injection pain would be complained. However, few pieces of research were focusing on patients’ feeling in the 
operating room.

Purpose of the Study

Therefore, our purpose of this studying was to test the hypothesis that even in the standard temperature, patients with a chilly feel-
ing will suffer more propofol injection pains compared to those patients with a good or warm feeling. The first aim of this study was to 
compare the incidence of pain and pain severity on propofol injection; we also assessed pain incidence and severity between male and 
female patients.

Methods

With approval from the ethics committee of the Chenzhou No.1 People’s Hospital (2017057), and all patients were provided with writ-
ten information content. From April 1st to August 31st 2019 adult patients aged from 18 to 60 yrs with American Society of anesthesiol-
ogy (ASA) physical status I to II underwent selective pain-free Bronchoscopy were enrolled in this research. Exclusion criteria include a 
history of allergy to propofol or soybean oil, a history of drug addiction or difficulty in communication, an experience of severe propofol 
injection pain or refusal to use propofol as an induction agent, and history of Raynaud syndrome or Peripheral angiitis. Difficult or Mul-
tiple catheter placements (N > 3), prolonged surgical procedures (over 3 hours) were also excluded.

All included patients were fasted (2h from water, and 6h from solid food) before being taken to a laminar flow operating room with its 
temperature set at 22℃ and humidity at 55%. A 22G catheter needle (B. Braun, Melsungen, Germany) was placed into the vein on the back 
of a hand (Figure 1a male, figure 1b female), and a continued Ringer solution at room temperature at a speed of 100ml/h was infused. 
Patients were monitored with T8 Multi-parameter Patient Monitor (Mindray, Shenzhen, China) including electrocardiogram (ECG), pulse 
oximetry (SPO2) and non-invasive artery blood pressure (NIBP). Patients were lying on the operating table covered with a thin cotton 
blanket at least 5 min before induction and a nasal catheter oxygen supply at 2 L/min was administered to the patients until loss of con-
sciousness. Patients’ feelings about the operating room were asked and recorded with three differences: Warm, Just right (not warm, not 
cold), and Chilly. Patients were marked and allocated to different groups according to their true feeling of the room temperature by a nurse 
anaesthetist. General anaesthesia was induced 2 min later by an anesthesiologist who did not know about patients’ grouping. Propofol 
(10 mg/ml, Leweijin, Guorui, Sichuan, China, sn1612121) was injected by an infusion pump at a speed of 5ml/min with a total dosage of 2 
mg/kg, no other drugs were administered before. Injection pain intensities were assessed with a three-point scale during the infusion: 0 
for no pain (patients had no response); 1 for mild pain (patients reported mild pain); 2 for obvious pain (patients report ed moderate pain 
or severe pain). If a 2-degree pain was reported, a 4 ml 0.5% lidocaine (7b78JI, Dajiong, China) was injected in 30 seconds, 2 min pause of 
injection was taken, following with a 2 ml/min of propofol was infused by the infusion pump. 
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Sufentanil (0.5 ug /kg) was injected above 30 seconds when calculating inducing dosage of propofol through pump infusion, in con-
junction with Cisatracurium (0.5 mg/kg) I.V. With Bispectral index (BIS) monitored, target ranges from 40 to 60, Anesthesia was main-
tained by propofol infusion at a speed of 0.5 - 1.5 ml/min and sevoflurane was inhaled at 1.5% - 3.5% with 2 L/min fresh flow (half O2 and 
half air); sufentanil or cisatracurium was administered intravenously at 1/4 the induction dosages at demanding. Light guided laryngeal 
masks at Appropriate size were inserted for ventilation During the surgery. All the patients were transferred to Post Anesthesia Care Unit 
(PACU) after surgery and then dismissed to general wards with a steward scale of more than 4.

Statistics 

SPSS for windows version 13.3 was chosen for statistical analysis. The sample size was based on a hypothesis that 60% incidence of 
propofol injection pain with no pretreatment and 30% incidence of propofol injection pain with positive pretreatments [4]. A minimum 
sample size of 54 was required to detect a significant difference with 90% power (Two sides, α = 0.05). Data collection stopped when 
all groups have more than 56 patients enrolled. Measured data were presented as mean ± SD, counted data were presented as number 
(%). One-Way Analysis of Variance (ANOVA) was chosen for measurement data and Chi-square tests were chosen for enumeration data, 
respectively. P < 0.05 was considered as being significantly different.

Results 

Totally 201 cases were enrolled in our research at first to avoid some exclusive cases, 8 patients were excluded for multi catheter place-
ments and 2 patients were excluded for surgery time is more than 3 hours. Data from 191 patients were analyzed and 67 patients who 
reported chilly were allocated to Group Chilly, 56 patients feel warm were in Group warm and 68 patients feeling Just right were in group 
J, respectively. Subject enrollment and analysis are illustrated in figure 2. The Demographic characteristics of each group were shown in 
table 1. No significant difference was found among the three groups. 

Figure 1: Injection site of propofol. Propofol was infusion at 5 ml/min by an infurer  
via a 22G intravenous catheter. A: Male hand, B: Female hand. 
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There was a significant difference among the three groups (Chi-square = 7.773, P = 0.021). The total incidence of propofol injection 
pain is 68.1% in our research. There are 57 (78%) patients in Group Chilly who suffered an injection pain, which is significantly higher 
than that in Group Warm (Chi-square = 6.9, P = 0.009); 22 patients got a pause of propofol infusion for the injection pain, which was 
significantly higher than those in group Just-right and group Warm (Chi-square = 20.5, P = 0.00), (Chi-square = 22.1, P = 0.00) (Figure 
3A). There were no significant differences in the incidence and severity of Propofol injection pain between female and male patients (chi-
square = 3.31, p = 0.069) (Figure 3B). 

Group Chilly (67) Group Just (68) Group Warm (56) P value
Age (yr) 37 ± 10 38 ± 13 38 ± 11 0.67

Weight (kg) 53 ± 12 58 ± 13 56 ± 14 0.1
Gender (male/female) 19 (28.4)/48 (71.6) 29 (42.6)/39 (57.4) 22 (32.8)/35 (67.2) 0.23

ASA physical status (I/II) 30 (44.7)/37 (55.3) 29 (42.6)/39 (57.4) 18 (32.1)/38 (67.9) 0.86

Table 1: Demographic information in three groups. 
Age and weight are presented as mean ± std. Gender and ASA were presented as numbers. 

ASA: American Society of Anesthesiologists.

Figure 2: Flow chart of this study.
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Figure 3: Percentage of injection pain scale between different groups. A: Grouped by patients feeling, *: Showing that the  
total incidence of injection pain among three groups, while compare with group just and group warm feeling, incidence in  

group chilly is significantly higher, p < 0.05; **: Showing that the incidence of scale 2 injection pain in group chilly in significantly higher 
than that in group just and group warm. B: grouped by gender, total incidence of injection pain in female is higher than  

that in male, but difference is not significant, P > 0.05. 

Discussion 

Our study focused on patients’ feeling about the room temperature before propofol injection. Though during the whole period of this 
research, the room temperature was set at 22℃, our enrolled patients reported different feeling and they were allocated to three groups 
based on their feeling. To avoid severe injection pains, we only set 3 scales to assess injection pain, a moderate or more injection pain 
would get a pause of injection, as well as a reinforcement with an injection of 20 mg lidocaine [21,22]. With this plan, our patients did not 
suffer severe injection pains. 

Reasons for propofol injection pain have not yet been very clear, and the pain is also hard to avoid completely. The total incidence of 
propofol injection pain is 68% in our research, which is close to other reports [21,22]. The reason for this high frequency of injection pain 
is probably we did not do any pre-treatments before propofol injection. These results implied that propofol injection pain is still very com-
mon in clinical practice [4], and more attention should be paid to this during general anaesthesia induction. 

The main results of our research showed that patients suffered significantly more incidence of propofol injection pains if they had a 
chilly feeling in the operating room. The incidence will up to 78% if patients feel chilly. More severe pains can be found in group Chilly 
compare to group Just and group Warm (P < 0.05). Reports showed that on exposure to cold environments [17], skin blood flow decrease 
via vasoconstriction, this resulted in a less heat transfer from the core to the surface, which helped to maintain core temperature in the 
face of cold exposure [18], this vasoconstriction could be regarded as a reason for the increasing incidence of injection pain. On the con-
trary, during excise or heat exposure, the skin blood flow can be severalfold from 250 ml/min to 7 - 8 L/min [18,23]. The increased blood 
flow or the vasodilatation resulted in a decrease of propofol injection pain [10].

All the above suggested that keeping patients in a comfortable warm room before propofol injection was very important for the pre-
vention of propofol injection pain; at least, an attempt to avoid a chilly or cold feeling should be tried. If a chilly or cold feeling was re-
ported before propofol injection, a fast warm-up strategy [10] should be implemented or a lidocaine injection in conjunction with 2 min 
venous occlusion [4] was performed.
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Injection pain was more common with female patients [24], which may be attributable to the smaller blood vessels in women [24]. Our 
secondary results showing that females were more vulnerable to propofol injection pain, but no significant differences were found in our 
study (P < 0.05), which may be caused by a small data size indicating a larger-sized study needed for clarification. 

Limitation of the Study

There were some limitations in our study. First, because of instruments limitations, we cannot monitor patients’ core temperatures 
and skin temperatures, which may explain why patients have different feelings at the same room temperature. The baseline of patients’ 
temperatures or metabolic rates may contribute to their different feelings, but for the limitation of our types of equipment, we did not 
get those data. Second, a measurement of skin blood flow on hand dorsal veins with laser Doppler or venous occlusion plethysmography 
could be taken, which can analyze the relationship between the skin blood flow, skin temperature, feeling and propofol injection pain, 
which is not normal Nevertheless, our results did show that a cold feeling will increase and intensive the propofol injection pain.

Conclusion

In conclusion, Patients scheduled for general anaesthesia with propofol induction should be kept at a warmer room temperature to 
avoid a cold feeling; otherwise, they will suffer more propofol injection pain. 

Acknowledgements and Financial Support

Chenzhou science and technology innovation project: ZDYF2020039.

Conflicts of Interest

There was no conflicting have to statement.

Bibliography

1. Liu R., et al. “Efficacy and Safety of FospropofolFD Compared to Propofol When Given During the Induction of General Anaesthesia: A 
Phase II, Multi-centre, Randomized, Parallel-Group, Active-Controlled, Double-Blind, Double-Dummy Study”. Basic and Clinical Phar-
macology and Toxicology 119.1 (2016): 93-100.

2. Gardner B., et al. “Sleep Homeostasis and General Anesthesia: Are Fruit Flies Well Rested after Emergence from Propofol”. Anesthesi-
ology 124.2 (2016): 404-416.

3. Leslie K., et al. “WITHDRAWN: Target-controlled infusion versus manually-controlled infusion of propofol for general anaesthesia or 
sedation in adults”. The Cochrane Database of Systematic Reviews 7 (2016): CD006059.

4. Jalota L., et al. “Prevention of pain on injection of propofol: systematic review and meta-analysis”. British Medical Journal 342 (2011): 
d1110.

5. Lee JY., et al. “The optimal effect-site concentration of remifentanil to attenuate the pain caused by propofol”. Korean Journal of Anes-
thesiology 63.2 (2012): 108-112.

6. Huang CL., et al. “The effect of carrier intravenous fluid speed on the injection pain of propofol”. Anesthesia and Analgesia 81.5 (1995): 
1087-1088.

7. Liljeroth E., et al. “Pain on injection of propofol with or without infusion of carrier fluid”. Acta Anaesthesiologica Scandinavica 45.7 
(2001): 839-841.

https://pubmed.ncbi.nlm.nih.gov/26781338/
https://pubmed.ncbi.nlm.nih.gov/26781338/
https://pubmed.ncbi.nlm.nih.gov/26781338/
https://pubmed.ncbi.nlm.nih.gov/26556728/
https://pubmed.ncbi.nlm.nih.gov/26556728/
https://pubmed.ncbi.nlm.nih.gov/27367754/
https://pubmed.ncbi.nlm.nih.gov/27367754/
https://pubmed.ncbi.nlm.nih.gov/21406529/
https://pubmed.ncbi.nlm.nih.gov/21406529/
https://pubmed.ncbi.nlm.nih.gov/22949976/
https://pubmed.ncbi.nlm.nih.gov/22949976/
https://pubmed.ncbi.nlm.nih.gov/7486052/
https://pubmed.ncbi.nlm.nih.gov/7486052/
https://pubmed.ncbi.nlm.nih.gov/11472284/
https://pubmed.ncbi.nlm.nih.gov/11472284/


Citation: Zhiming Zhang., et al. “Chilly Feeling Verse Warm Feeling in Increasing Propofol Injection Pain in Pain-Free Bronchoscopy”.  EC 
Emergency Medicine and Critical Care 5.6 (2021): 43-49.

Chilly Feeling Verse Warm Feeling in Increasing Propofol Injection Pain in Pain-Free Bronchoscopy

49

8. Gozal Y. “Lidocaine and no carrier fluid for the prevention of pain due to injection of propofol”. Anesthesia and Analgesia 82.5 (1996): 
1111.

9. Scott HB., et al. “The effect of remifentanil on propofol requirements to achieve loss of response to command vs. loss of response to 
pain”. Anaesthesia 72.4 (2017): 479-487.

10. Jeong M and Yoon H. “Comparison of the effects of lidocaine pre-administration and local warming of the intravenous access site on 
propofol injection pain: Randomized, double-blind controlled trial”. The International Journal of Nursing Studies 61 (2016): 209-218.

11. Xing J., et al. “Intravenous Lidocaine Alleviates the Pain of Propofol Injection by Local Anesthetic and Central Analgesic Effects”. Pain 
Medicine 19.3 (2018): 598-607.

12. Akbari H., et al. “Analgesic Effects of Ketamine, Magnesium Sulfate, and Sodium-Thiopental on Propofol Injection Pain: A Single-Blind 
Randomized Clinical Trial”. Tanaffos 17.1 (2018): 22-28.

13. Pei S., et al. “Efficacy of ondansetron for the prevention of propofol injection pain: a meta-analysis”. Journal of Pain Research 10 
(2017): 445-450.

14. Pickford A., et al. “Propofol and pain on induction: the effect of injectate temperature in children”. Paediatr Anaesth 10.2 (2000): 129-
132.

15. Uda R., et al. “Strict temperature control has no effect on injection pain with propofol”. Anesthesiology 91.2 (1999): 591-592.

16. Ozturk E., et al. “Temperature of propofol does not reduce the incidence of injection pain”. Anesthesiology 89.4 (1998): 1041.

17. Schulte B. “Temperature rising. Feeling a bit warm? You may just have to live with it”. U.S. News and World Report 140.21 (2006): 36-
40.

18. Nilsson AL. “Blood flow, temperature, and heat loss of skin exposed to local radiative and convective cooling”. Journal of Investigative 
Dermatology 88.5 (1987): 586-593.

19. Joshi VS., et al. “Systemic and Local Effects of Warm Oxygen Exposure to the Lower Extremities in Healthy Volunteers”. Journal of Clini-
cal and Diagnostic Research 11.4 (2017): CC01-CC03.

20. Lee JF., et al. “Warm skin alters cardiovascular responses to cycling after preheating and precooling”. Medicine and Science in Sports 
and Exercise 47.6 (2015): 1168-1176.

21. Ozgul U., et al. “Effect of alkalinisation of lignocaine for propofol injection pain: a prospective, randomised, double-blind study”. An-
aesthesia and Intensive Care 41.4 (2013): 501-504.

22. Galgon RE., et al. “Magnesium sulfate with lidocaine for preventing propofol injection pain: a randomized, double-blind, placebo-
controlled trial”. The Journal of Anesthesia 29.2 (2015): 206-211.

23. Charkoudian N. “Skin blood flow in adult human thermoregulation: how it works, when it does not, and why”. Mayo Clinic Proceedings 
78.5 (2003): 603-612.

24. Mencke T., et al. “Women report more pain on injection of a precurarization dose of rocuronium: a randomized, prospective, placebo-
controlled trial”. Acta Anaesthesiologica Scandinavica 48.10 (2004): 1245-1248.

Volume 5 Issue 6 June 2021
©All rights reserved by Zhiming Zhang., et al.

https://journals.lww.com/anesthesia-analgesia/Fulltext/1996/05000/Lidocaine_and_No_Carrier_Fluid_for_the_Prevention.57.aspx
https://journals.lww.com/anesthesia-analgesia/Fulltext/1996/05000/Lidocaine_and_No_Carrier_Fluid_for_the_Prevention.57.aspx
https://pubmed.ncbi.nlm.nih.gov/28094434/
https://pubmed.ncbi.nlm.nih.gov/28094434/
https://pubmed.ncbi.nlm.nih.gov/27372434/
https://pubmed.ncbi.nlm.nih.gov/27372434/
https://www.researchgate.net/publication/317034776_Intravenous_Lidocaine_Alleviates_the_Pain_of_Propofol_Injection_by_Local_Anesthetic_and_Central_Analgesic_Effects
https://www.researchgate.net/publication/317034776_Intravenous_Lidocaine_Alleviates_the_Pain_of_Propofol_Injection_by_Local_Anesthetic_and_Central_Analgesic_Effects
https://pubmed.ncbi.nlm.nih.gov/30116275/
https://pubmed.ncbi.nlm.nih.gov/30116275/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5328425/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5328425/
https://pubmed.ncbi.nlm.nih.gov/10736073/
https://pubmed.ncbi.nlm.nih.gov/10736073/
https://pubmed.ncbi.nlm.nih.gov/10443639/
https://pubmed.ncbi.nlm.nih.gov/9778030/
https://pubmed.ncbi.nlm.nih.gov/17427875/
https://pubmed.ncbi.nlm.nih.gov/17427875/
https://pdf.sciencedirectassets.com/271007/1-s2.0-S0022202X00X00127/1-s2.0-S0022202X87901709/main.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEAkaCXVzLWVhc3QtMSJHMEUCIBCldq1CLgLmdhh8Hj8MTiB%2B5%2FrhsnjyL%2BAK3zlcgUwPAiEAlynJOMQcOS6QEpm7WUUo992Q6MBqZwa3f1V%2Fnjtqpu0qvQMIkv%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FARADGgwwNTkwMDM1NDY4NjUiDFzy530ntej%2BIXOkhiqRAwHStdJlF5dexKTam%2BpQiSllcT1zp3Zpbd%2BtI2n0iwdddl1KEaICTGA8kvjHWlwNfQLhlZ6zlFApWqU7aQwtEuOBIYzlJu8bxN4cFFsZR3%2Ftc88Ab4SC8G6lB%2FZUf0txZs%2B0katjSgZCYIW8nLXrACHxHmusbsebP4miS%2F138B2n5TLhag0BzM0xgvDcDwy%2BRLdRR9qEE4Xj1gu595bODySzlU290njg2xeGe1fbkfh%2B%2BB57wJZD88peReEKSgaoVBM95Iq3fQzJ8C1VRJW7GiwPykmvHVNr3aVYCzjDmrF8YbNdm9bng92M12w4bsjpyB5mXMAPe5RidSmQNPuC1vle94%2Fio6Ro46MV0oSORQDq5qVw2cOXCmamLWPPxLwEgFkiooBaS2t98jHd2Y7xfPaIaxp9XLb8HUOJGHXStmYh8tAX8XK5v%2Fv8i7YfTdneg4oXcQm3dp9aOgLeQrbS%2Fh0bxa6uulJr%2F3xqDKdB6JsC4WpPitFj4150jimj2RI%2FBFEC3htacWRbKwjs4NUT%2FD4aMM685YQGOusBLwdm300GPI1UlPvibx9OvLdb3yDR3k0NQ7sPcYD1SVoZ1nTOUXcC5iak8bN959AAIBllFv30X779CDOFcZHrW%2BjsVZ1i4VPoOZN3h4rp0SADVIwllfLzE%2BINXsXv7kUNgmu9gs%2B2HsbjSZr%2BXQ4kZYDypJiXoDq%2B3f%2F5qesjkyqWBcvx4CM3wnXMjqTz%2FQIzHxeRauAzDFihd2uWRWZRYTQC%2BrCZ3jUZCdzZTw8Kgja8v00oG7GZJqalEnZA1k519OqX%2BcoGOiQI8Gwzwp9YyHsAFk2lRZj%2Bvcml9tPb6RC0gQsYB6JgkV8geA%3D%3D&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20210510T175337Z&X-Amz-SignedHeaders=host&X-Amz-Expires=299&X-Amz-Credential=ASIAQ3PHCVTYTKDYFUFU%2F20210510%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Signature=bd0e23a7935f36c7a7b9628a49b96ff55c70619d95615074966355110b7e3741&hash=9dd7ebaca8ba38855a0f240ab5b7211c11279861204ca10fcd1a8b59838a354c&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S0022202X87901709&tid=spdf-6fb42540-9e2c-40a9-9a27-de6a8e96af56&sid=f919237b2724934827195379810dff47e50bgxrqa&type=client
https://pdf.sciencedirectassets.com/271007/1-s2.0-S0022202X00X00127/1-s2.0-S0022202X87901709/main.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEAkaCXVzLWVhc3QtMSJHMEUCIBCldq1CLgLmdhh8Hj8MTiB%2B5%2FrhsnjyL%2BAK3zlcgUwPAiEAlynJOMQcOS6QEpm7WUUo992Q6MBqZwa3f1V%2Fnjtqpu0qvQMIkv%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FARADGgwwNTkwMDM1NDY4NjUiDFzy530ntej%2BIXOkhiqRAwHStdJlF5dexKTam%2BpQiSllcT1zp3Zpbd%2BtI2n0iwdddl1KEaICTGA8kvjHWlwNfQLhlZ6zlFApWqU7aQwtEuOBIYzlJu8bxN4cFFsZR3%2Ftc88Ab4SC8G6lB%2FZUf0txZs%2B0katjSgZCYIW8nLXrACHxHmusbsebP4miS%2F138B2n5TLhag0BzM0xgvDcDwy%2BRLdRR9qEE4Xj1gu595bODySzlU290njg2xeGe1fbkfh%2B%2BB57wJZD88peReEKSgaoVBM95Iq3fQzJ8C1VRJW7GiwPykmvHVNr3aVYCzjDmrF8YbNdm9bng92M12w4bsjpyB5mXMAPe5RidSmQNPuC1vle94%2Fio6Ro46MV0oSORQDq5qVw2cOXCmamLWPPxLwEgFkiooBaS2t98jHd2Y7xfPaIaxp9XLb8HUOJGHXStmYh8tAX8XK5v%2Fv8i7YfTdneg4oXcQm3dp9aOgLeQrbS%2Fh0bxa6uulJr%2F3xqDKdB6JsC4WpPitFj4150jimj2RI%2FBFEC3htacWRbKwjs4NUT%2FD4aMM685YQGOusBLwdm300GPI1UlPvibx9OvLdb3yDR3k0NQ7sPcYD1SVoZ1nTOUXcC5iak8bN959AAIBllFv30X779CDOFcZHrW%2BjsVZ1i4VPoOZN3h4rp0SADVIwllfLzE%2BINXsXv7kUNgmu9gs%2B2HsbjSZr%2BXQ4kZYDypJiXoDq%2B3f%2F5qesjkyqWBcvx4CM3wnXMjqTz%2FQIzHxeRauAzDFihd2uWRWZRYTQC%2BrCZ3jUZCdzZTw8Kgja8v00oG7GZJqalEnZA1k519OqX%2BcoGOiQI8Gwzwp9YyHsAFk2lRZj%2Bvcml9tPb6RC0gQsYB6JgkV8geA%3D%3D&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20210510T175337Z&X-Amz-SignedHeaders=host&X-Amz-Expires=299&X-Amz-Credential=ASIAQ3PHCVTYTKDYFUFU%2F20210510%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Signature=bd0e23a7935f36c7a7b9628a49b96ff55c70619d95615074966355110b7e3741&hash=9dd7ebaca8ba38855a0f240ab5b7211c11279861204ca10fcd1a8b59838a354c&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S0022202X87901709&tid=spdf-6fb42540-9e2c-40a9-9a27-de6a8e96af56&sid=f919237b2724934827195379810dff47e50bgxrqa&type=client
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5449777/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5449777/
https://pubmed.ncbi.nlm.nih.gov/25290741/
https://pubmed.ncbi.nlm.nih.gov/25290741/
https://pubmed.ncbi.nlm.nih.gov/23808510/
https://pubmed.ncbi.nlm.nih.gov/23808510/
https://pubmed.ncbi.nlm.nih.gov/25097088/
https://pubmed.ncbi.nlm.nih.gov/25097088/
https://pubmed.ncbi.nlm.nih.gov/12744548/
https://pubmed.ncbi.nlm.nih.gov/12744548/
https://pubmed.ncbi.nlm.nih.gov/15504183/
https://pubmed.ncbi.nlm.nih.gov/15504183/

