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Abstract

Background: Pain on injection with propofol is still a major problem associated with anesthesia. Several factors involved in this
event have been studied with respect to their pain attenuating effects.
Objectives: The purpose of this study was to evaluate the effect of propofol infusion before administration of its bolus dose of
propofol on the resulted pain at its induction dose and on serum complement C3 levels.
Methods: This clinical trial was performed on patients undergoing surgery under general anesthesia divided into three groups,
including A (without intervention), B (propofol infusion at a dose of 50µg/kg/min before anesthesia induction), and C (propofol in-
fusion at a dose of 100µg/kg/min 100 before anesthesia induction). During anesthesia induction by propofol, the presence, absence
or severity of pain was determined using the Numerical Rating Pain Scale. Serum complement C3 levels were measured and their
relationships with pain scores were compared between three groups. The data were analyzed using SPSS V. 22 software.
Results: There were significant differences in the mean pain scores between three groups (P < 0.05). However, no significant dif-
ference in the mean pain scores was observed between the groups B and C (P > 0.05). The mean and standard deviation of the
differences in complement C3 values in the three groups before and after injection were 72.15 ± 14.9, 27.65 ± 9.82, and 18.95 ± 4.68,
respectively, which demonstrated a significant difference between three groups (P < 0.05). However, the difference in complement
C3 values between the groups B and C was not significant (P > 0.05).
Conclusions: According to the obtained results, the low doses of infused propofol, 2 minutes before administration of its bolus
dose, seems to have a considerable attenuating effect on its pain score.
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1. Background

Propofol is a phenol derivative and intravenous anes-
thetic agent with short duration of action. It is character-
ized by a rapid onset of action and recovery time, which
made it be used as drug of choice in almost all surgical
procedures. Due to its rapid onset and short duration of
action, easy titration, and fewer side effects, it has been
administered as a selective agent for general anesthesia
in millions of patients each year (1). In spite of its posi-
tive features, 60% of patients have reported pain during
propofol injection and in 20% of them a severe and in-
tolerable pain has been announced (2). Most of patients
have found it the as the most painful phase of their pre-
operative procedures (3). Regarding the mechanism of this

pain, it should be noted that when the active component
of aqueous phase of propofol comes into contact with vas-
cular endothelium and intravascular nerve endings, it ac-
tivates the inflammatory kallikrein - kinin system, which,
in turn, activates bradykinin and complement C3 (4). Al-
though there was no difference in the amount of the in-
flammatory factors between LCT and MCT propofol, the
bradykinin production and the complement C3 activation
are recognized as the inflammatory markers for propofol
injection pain (5).

Various studies have been conducted to reduce this
pain using different agents, including lidocaine, fen-
tanyl, ketamine, dexmedetomidine, etc. The impact of
Gabapentin, which impedes the release of nociceptive neu-
rotransmitters, such as noradrenaline, substance P, and
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glutamate, and consequently prevents the onset of pain,
has been investigated in recent studies (5-7). Kang et al.
investigated the effect of age, sex, and injection site on
the pain, induced by propofol injection (8). In another
study, Ohmizo et al. compared long-chain triglyceride
(LCT) emulsive propofol with long-medium chain triglyc-
eride (LCT/MCT) emulsive propofol in terms of their impact
on injection pain (4).

One of the practical methods to reduce the pain associ-
ated with painful stimulants is the gradual administration
of low-dose stimulant, which lessens the sensitivity to the
stimulant effects and increases the threshold of pain per-
ception; this mechanism is called low-dose desensitization
(9). The limited numbers of clinical experiments as well
as the results of some clinical trials have shown that the
onset of propofol infusion 2 minutes prior to the admin-
istration of its bolus dose, can diminish its injection pain,
which might be due to the reduced vascular wall sensitivity
(or desensitization) to the propofol-induced inflammatory
stimulation and its associated pain (10).

In a clinical trial in 2011, Shimizu et al. studied 120
patients as the candidates for elective orthopedic surgery.
The patients were assigned randomly and equally into four
groups, and the effects of fast and slow injection of propo-
fol were compared with lidocaine. The results showed that
the injection-induced pain was lower in the group with
rapid injection of propofol (11).

In another clinical trial by Kodaka et al., 200 patients
undergoing elective surgeries were included in the study.
They allocated the participants into 4 groups: group I (LCT
control), group II (LCT/MCT control), group III (LCT study),
and group IV (LCT/MCT study). Groups III and IV received
propofol infusion (0.1 mg/kg) before induction. Based on
their results, 36 patients (72%) in the LCT control group and
31 patients (62%) in the LCT/MCT control group experienced
pain and also 21 subjects (42%) in the LCT study group and
24 subjects (48%) in the LCT/MCT study group experienced
pain. Their results indicated that propofol infusion (0.1
mg/kg) prior to its bolus dose relieved propofol-induced
injection pain (12).

By activating the Kinin - kallikrein system and releas-
ing bradykinin, propofol causes vasodilatation, vascular
permeability, and increased contact of the aqueous phase
propofol with free nerve endings, resulting in pain on in-
jection, as well as inflammation of the skin and mucosal
and vascular intima (13-15).

The complement C3 is synthesized in the liver and
macrophages and is the main element of the complement
system. It should be activated to develop the comple-
ment cascade. This factor is rapidly generated and acti-
vated in a few seconds in both classical and alternative
pathways in all parts of the body that are infected or in-

flamed. It is divided into two components, namely C3a
and C3b. C3b plays an important role in localized in-
flammatory reactions and has a half-life of 5 to 30 min-
utes. The complement system activity can generate several
chemotactic peptides by the absorbance of neutrophils
and eosinophils. In infections, C3a and C5a, both activate
mast cells and stimulate platelets to release histamine and
serotonin. They increase the vascular permeability and
cause secretion of lysosomes from neutrophils and Throm-
boxane from macrophages, and may cause tissue damage
in severe cases.

Several methods have been used to attenuate the pain
on injection with propofol. Adding lidocaine to propofol,
cooling or warming propofol, diluting propofol solution,
injecting propofol into a large vein, pre-treatment with
IV injection of lidocaine, ondansetron, metoclopramide,
and an opiate, or thiopental with or without a tourniquet
have led to different results in attenuating pain on injec-
tion with propofol (3, 15-17). Propofol emulsions contain
medium- and long-chain triglycerides (MCT and LCT). Var-
ious studies have been reported that 1% MCT/LCT propofol
reduces the incidence and severity of injection pain com-
pared to the LCT propofol (18-20).

Accordingly, in this research, we decided to conduct
a more comprehensive study, investigating the effect of
propofol infusion at two different doses (50 and 100
µg/kg/min) 2 minutes before administration of its bolus
dose, and also evaluating the complement C3 levels.

2. Methods

This study was a single-blinded, randomized clini-
cal trial. The study population included patients as
the candidates for surgery under general anesthesia in
the affiliated hospitals of Iran University of Medical Sci-
ences in 2017 - 2018. After obtaining the approval
from the institutional ethics committee (Approval code:
IR.IUMS.REC.1395.9311174005) and also the informed con-
sent from the patients, they were randomly assigned into
3 groups (A, B, and C). Using 40% difference between the
groups (α = 0.05 and β = 0.2), approximately 20 samples
were considered in each group to prevent no decrease in
samples using the test power of 90% and the significant P
value of less than 0.05%. The study was also registered at
the ClinicalTrials.gov (IRCT20170301032837N2). The inclu-
sion criteria included the patients candidate for general
anesthesia aged 18 - 60 years, the American Society of Anes-
thesiologists (ASA) physical status I and II, no history of re-
action to propofol and the consent of patients. Exclusion
criteria also included the patients who were candidates for
general anesthesia younger than 18 or older than 60 years,
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ASA physical status > II, a history of reaction to propofol
and the patient’s withdrawal from the study.

After an intravenous cannula fixation on the dorsum
of the patients’ hand, 5 mL of blood was taken from all
patients in each group to measure complement C3a (for
baseline sample). In all three groups, anesthesia was in-
duced by midazolam (2 mg), fentanyl (3 µg/kg), propofol
(2 mg/kg) and atracurium (0.5 mg/kg). The injection speed
of propofol was the same in three groups. In group A, we
just used the induction dose of propofol, and 2 minutes
after IV cannula placement and blood sampling, anesthe-
sia was induced. In group B, the infusion of propofol at 50
µg/kg/min was performed and 2 minutes later, the bolus
dose was administered. In group C, propofol infusion at a
dose of 100 µg/kg/min was administered 2 minutes before
induction. In all three groups, one minute after adminis-
tration of bolus propofol, 5 mL of blood was sampled from
ipsilateral antecubital vein and sent to the laboratory to
measure activated complement C3 using immunoturbidi-
metric method.

Only a researcher who evaluated the pain and filled
out the questionnaire was blinded to the patients’ group
assignment. The presence or absence of pain during in-
duction was assessed by the Numerical Rating Pain Scale
(NPRS) with four different scales: grade I: no pain (0); grade
II: mild (grimacing) (1, 2, 3); grade III: moderate (expression
of pain and grimacing) (4, 5, 6); and grade IV: severe pain
(withdrawal of hand) (7, 8, 9, 10). It is designed for patients
aged over 9 years. NPRS is verbally scored from 0 to 10. The
zero score represents the absence of pain, whereas 10 score
indicates the worst pain ever possible (21)

Using a questionnaire, the patients’ information, in-
cluding their medical records, blood tests and laboratory
tests results, and also their reported pain scores was col-
lected and analyzed by SPSS V. 22 software. In analyzing
descriptive data, quantitative variables were expressed as
mean and standard deviations, and the qualitative vari-
ables were expressed as the percentage and frequency. For
quantitative variables, the normal distribution of data was
first examined by the one-sample Kolmogorov-Smirnov
test and, accordingly, the analysis of variance (ANOVA) or
Kruskal-Wallis test was used to compare these variables in
three groups. Chi-square test or Fisher’s exact test was used
to compare qualitative variables in groups. The signifi-
cance level was set at 0.05.

3. Results

Descriptive and comparative characteristics of the
serum complement C3 levels in patients undergoing
surgery under general anesthesia in three groups, with-
out propofol infusion, propofol infusion with a dose of

50 µg/kg/min, and propofol infusion with a dose of 100
µg/kg/min are illustrated in Table 1. The results did not
show a significant difference in serum complement C3 lev-
els in groups before injection (P > 0.05). However, there
were significant differences in serum complement C3 lev-
els in patients receiving the bolus doses of propofol in all
groups (P < 0.05). There was also a significant difference in
the fluctuation of serum complement C3 levels in patients
undergoing surgery under general anesthesia before and
after injection in all three groups (P < 0.05).

Table 2 shows the descriptive and comparative char-
acteristics of pain scores in three groups, including the
group without propofol infusion, propofol infusion at a
dose of 50 µg/kg/min group, and the group with propofol
infusion at a dose of 100µg/kg/min. The pain intensity was
associated with the bolus injection of propofol in all three
groups (P < 0.05).

4. Discussion

The obtained results indicated that propofol infusion
at a dose of 50 or 100µg/kg/min prior to a bolus injection of
propofol in groups B and C, compared to the control group,
was effective on the attenuation of injection-induced pain.
However, no significant difference was observed between
propofol infusions at the doses of 50 or 100 µg/kg/min.

Evaluation of the serum complement C3 levels in all
three groups before and after bolus injections of propofol
demonstrated that propofol infusion before its bolus dose
in both B and C groups led to obvious differences in the
serum complement C3 levels.

However, limited studies have been conducted to com-
pare the effect of high and low doses of propofol infusion
on pain reduction following propofol injection. Liljeroth
et al. found that the onset of moderate or severe pain
caused by intravenous propofol injection can be reduced
by a low-dose propofol infusion within 2 minutes before
induction, as a readily applicable technique, which is con-
sistent with our results (22). In another study, Soltesz et
al. observed no significant difference between propofol
0.5% and propofol 1% (standard formulation) in the sever-
ity of pain on propofol injection in children aged 2 - 6 years
(23). Grauers et al. also found no significant differences
in the intensity and duration of pain induced by propofol
injection (1 mL/s within 2 seconds and 0.2 mL/s within 10
seconds) in patients undergoing plastic or ear, nose and
throat (ENT) surgery, which is consistent with our results
(24).

In another study, Kodaka et al. reported that a low dose
of propofol (0.1 mg/kg) administered prior to anesthesia
induction, reduced the injection pain (12). The results of
this study are in line with our findings.
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Table 1. Descriptive Characteristics and Comparison of the Serum Levels of Complement C3 (mg/dL) in Patients Undergoing Surgery Under General Anesthesia in Three Groups,
Without Propofol Infusion and with Propofol Infusion at the Doses of 50 and 100 µg/kg/min

Measurement Time (mg/dL)
Groupa Intergroup Comparisons

A B C Test Statistic P Value

Before injection 100 ± 5.86 106.45 ± 12.58 108.2 ± 13.34 2.23 0.11

After injection 172.15 ± 7.3 134.1 ± 16.35 127.15 ± 27.31 5.18 0.009

Mean differences before and after the injection 72.15 ± 14.9 27.65 ± 9.82 18.95 ± 4.68 5.24 0.008

In-group comparisons

Test statistic 3.83 4.59 3.92

P value 0.001 < 0.001 < 0.001

aValues are expressed as mean ± SD.

Table 2. Descriptive Characteristics and Comparison of Pain Scores in Patients Undergoing Surgery Under General Anesthesia in Three Groups, Without Propofol Infusion and
with Propofol Infusion at the Doses of 50 and 100 µg/kg/min

Pain Intensity
Groupa Intergroup Comparisons

A B C Test Statistic P Value

Without pain 0 (0) 16 (80) 12 (60)

49.59 < 0.001
Mild 1 (5) 4 (20) 6 (30)

Moderate 6 (30) 0 (0) 1 (5)

Severe 13 (65) 0 (0) 1 (5)

aValues are expressed as No. (%).

Soltani Mohammadi et al. demonstrated that decreas-
ing the proportional volume of propofol as an induction
agent for patients undergoing elective surgery resulted in
pain reduction following intravenous injection (25). In an-
other study, Pellegrini et al. found that there was no dif-
ference in the intensity of pain on intravenous injection
in children undergoing ENT surgery between the propo-
fol 1% and propofol 2% groups. Therefore, they concluded
that for anesthesia induction in children undergoing ENT
surgery, different propofol concentrations was associated
with similar pain reduction during injection (13), which is
no consistent with the results of study. Hirmandpour et al.
observed that in patients undergoing gynecologic surgery
under general anesthesia, the propofol injection pain was
greater in the propofol 1% group than that of the propofol
2% group, which can be due to the patients’ genetic, ethnic,
and cultural differences in pain perception between both
groups (14).

The results of the present study indicated that the ad-
ministration of propofol prior to the injection of its induc-
tion dose, at both doses of 50 and 100µg/kg/min, had a sig-
nificant effect on the reduction of serum complement C3
level in patients undergoing surgery under general anes-
thesia in both groups B and C compared to the group A.
However, propofol infusion at 100µg/kg/min had the same
effect compared to the propofol infusion at 50 µg/kg/min

on the complement C3 reduction. Accordingly, propofol
infusion before anesthesia induction at an effective dose
of 50 µg/kg/min seems to be an appropriate choice to al-
leviate pain during propofol injection and reduce comple-
ment C3 level.

4.1. Conclusions

Low doses of propofol infusion administered prior to
its bolus dose seem to trigger desensitization in the vascu-
lar endothelium and decrease the inflammatory reaction
induced by the bolus injection of propofol, resulting in re-
ducing the stimulation of nerve endings located in the in-
ner layer of the vascular wall and attenuating the pain per-
ceived by patients.

Although the pain scores in the intervention groups
were lesser than that of the control group, further and
more precise studies are required to prove this finding.

Future studies using different doses of propofol and
techniques are recommended to be designed.

Footnotes

Clinical Trial Registration Code: The study
was registered at the ClinicalTrials.gov (Ref:
IRCT20170301032837N2).

4 Anesth Pain Med. 2019; 9(6):e84067.

http://anesthpain.com


Zaman B et al.

Conflict of Interests: The authors declare that there are
no conflicts of interest in this study.

Ethical Approval: The study was approved by the institu-
tional ethics committee of Iran University of Medical Sci-
ences (Approval code: IR.IUMS.REC.1395.9311174005)

Funding/Support: The study received no financial sup-
port.

Patient Consent: The informed consent was also ob-
tained.

References

1. Jalota L, Kalira V, George E, Shi YY, Hornuss C, Radke O, et al. Pre-
vention of pain on injection of propofol: Systematic review and
meta-analysis. BMJ. 2011;342:d1110. doi: 10.1136/bmj.d1110. [PubMed:
21406529].

2. Tan CH, Onsiong MK. Pain on injection of propofol. Anaesthesia.
1998;53(5):468–76. doi: 10.1046/j.1365-2044.1998.00405.x. [PubMed:
9659020].

3. McCrirrick A, Hunter S. Pain on injection of propofol: The effect of in-
jectate temperature. Anaesthesia. 1990;45(6):443–4. doi: 10.1111/j.1365-
2044.1990.tb14329.x. [PubMed: 2200300].

4. Ohmizo H, Obara S, Iwama H. Mechanism of injection pain with
long and long-medium chain triglyceride emulsive propofol. Can
J Anaesth. 2005;52(6):595–9. doi: 10.1007/BF03015768. [PubMed:
15983144].

5. Nakane M, Iwama H. A potential mechanism of propofol-induced
pain on injection based on studies using nafamostat mesilate.
Br J Anaesth. 1999;83(3):397–404. doi: 10.1093/bja/83.3.397. [PubMed:
10655909].

6. Hassani V, Zaman B, Alimian M, Safaeian R, Mehdizadehkashi A,
Karami S, et al. Comparison effect of pre-emptive gabapentin and oxy-
codone on pain after abdominal hysterectomy: A double blind ran-
domized clinical trial. Acta Medica Iranica. 2018:244–8.

7. Cakirgoz MY, Demirel I, Duran E, Ozer AB, Turkmen UA, Ersoy A, et
al. Gabapentin pretreatment for propofol and rocuronium injection
pain: A randomized, double-blind, placebo-controlled study. Niger
J Clin Pract. 2018;21(1):43–8. doi: 10.4103/1119-3077.224791. [PubMed:
29411722].

8. Kang HJ, Kwon MY, Choi BM, Koo MS, Jang YJ, Lee MA. Clinical
factors affecting the pain on injection of propofol. Korean J Anes-
thesiol. 2010;58(3):239–43. doi: 10.4097/kjae.2010.58.3.239. [PubMed:
20498771]. [PubMed Central: PMC2872839].

9. Friedmann PS, Rees J, White SI, Matthews JN. Low-dose exposure
to antigen induces sub-clinical sensitization. Clin Exp Immunol.
1990;81(3):507–9. doi: 10.1111/j.1365-2249.1990.tb05364.x. [PubMed:
2397615]. [PubMed Central: PMC1534999].

10. Wickley PJ, Yuge R, Russell MS, Zhang H, Sulak MA, Damron DS.
Propofol modulates agonist-induced transient receptor poten-
tial vanilloid subtype-1 receptor desensitization via a protein
kinase Cepsilon-dependent pathway in mouse dorsal root gan-
glion sensory neurons. Anesthesiology. 2010;113(4):833–44. doi:
10.1097/ALN.0b013e3181eaa9a0. [PubMed: 20808213]. [PubMed Cen-
tral: PMC3049262].

11. Shimizu T, Inomata S, Tanaka M. Rapid injection of propofol reduces
vascular pain and facilitates Laryngeal Mask Airway insertion. J Clin
Anesth. 2011;23(7):540–3. doi: 10.1016/j.jclinane.2011.02.006. [PubMed:
22050796].

12. Kodaka M, Okuyama S, Maeyama A, Koyama K, Miyao H. Evaluation
of low-dose propofol preadministration to attenuate vascular pain
during induction of anesthesia. J Clin Anesth. 2007;19(6):440–3. doi:
10.1016/j.jclinane.2007.03.004. [PubMed: 17967673].

13. Pellegrini M, Lysakowski C, Dumont L, Borgeat A, Tassonyi E. Propo-
fol 1% versus propofol 2% in children undergoing minor ENT surgery.
Br J Anaesth. 2003;90(3):375–7. doi: 10.1093/bja/aeg056. [PubMed:
12594152].

14. Hirmanpour A, Talakoub R, Safavi M, Honarmand A, Shafa A, Emam-
doost K. Comparing the injection pain of propofol emulsion 1%
(MCT/LCT) and propofol emulsion 2% (Propofol Lipuro) in combina-
tion with lidocaine in patients undergoing gynecologic surgery with
general anesthesia. Arch Anesth Crit Care. 2017;3(3):342–7.

15. Macario A, Weinger M, Truong P, Lee M. Which clinical anesthesia out-
comes are both common and important to avoid? The perspective of
a panel of expert anesthesiologists. Anesth Analg. 1999;88(5):1085–91.
doi: 10.1097/00000539-199905000-00023. [PubMed: 10320175].

16. Scott RP, Saunders DA, Norman J. Propofol: Clinical strategies for
preventing the pain of injection. Anaesthesia. 1988;43(6):492–4. doi:
10.1111/j.1365-2044.1988.tb06641.x. [PubMed: 3261547].

17. King SY, Davis FM, Wells JE, Murchison DJ, Pryor PJ. Lidocaine for
the prevention of pain due to injection of propofol. Anesth Analg.
1992;74(2):246–9. doi: 10.1213/00000539-199202000-00013. [PubMed:
1731545].

18. Suzuki H, Miyazaki H, Andoh T, Yamada Y. Propofol formulated with
long-/medium-chain triglycerides reduces the pain of injection by
target controlled infusion.ActaAnaesthesiol Scand. 2006;50(5):568–71.
doi: 10.1111/j.1399-6576.2006.00986.x. [PubMed: 16643226].

19. Nagao N, Uchida T, Nakazawa K, Makita K. Medium-/long-chain
triglyceride emulsion reduced severity of pain during propofol in-
jection. Can J Anaesth. 2005;52(6):660–1. doi: 10.1007/BF03015789.
[PubMed: 15983165].

20. Sarkar MS, Desai PM, Sageer H, Sarkar S. Propofol LCT vs propofol MCT-
LCT: Randomized controlled trial. Indian J Clin Anaesth. 2016;3(2):214.
doi: 10.5958/2394-4994.2016.00039.1.

21. Williamson A, Hoggart B. Pain: a review of three commonly used
pain rating scales. J Clin Nurs. 2005;14(7):798–804. doi: 10.1111/j.1365-
2702.2005.01121.x. [PubMed: 16000093].

22. Liljeroth E, Karlsson A, Lagerkranser M, Akeson J. Low-dose propo-
fol reduces the incidence of moderate to severe local pain induced
by the main dose. Acta Anaesthesiol Scand. 2007;51(4):460–3. doi:
10.1111/j.1399-6576.2006.01255.x. [PubMed: 17378785].

23. Soltesz S, Silomon M, Graf G, Mencke T, Boulaadass S, Molter GP. Ef-
fect of a 0.5% dilution of propofol on pain on injection during induc-
tion of anesthesia in children. Anesthesiology. 2007;106(1):80–4. doi:
10.1097/00000542-200701000-00015. [PubMed: 17197848].

24. Grauers A, Liljeroth E, Akeson J. Propofol infusion rate does not affect
local pain on injection. Acta Anaesthesiol Scand. 2002;46(4):361–3. doi:
10.1034/j.1399-6576.2002.460405.x. [PubMed: 11952433].

25. Soltani Mohammadi S, Shoeybi G, Khajeh Nasiri A, Asheri H. The effect
of propofol- thiopental admixture on hemodynamic changes, pain
on injection, and hypnotic dose at the time anasthesia induction: A
prospective study. Tehran Univ Med J. 2007;65(5):48–54.

Anesth Pain Med. 2019; 9(6):e84067. 5

http://dx.doi.org/10.1136/bmj.d1110
http://www.ncbi.nlm.nih.gov/pubmed/21406529
http://dx.doi.org/10.1046/j.1365-2044.1998.00405.x
http://www.ncbi.nlm.nih.gov/pubmed/9659020
http://dx.doi.org/10.1111/j.1365-2044.1990.tb14329.x
http://dx.doi.org/10.1111/j.1365-2044.1990.tb14329.x
http://www.ncbi.nlm.nih.gov/pubmed/2200300
http://dx.doi.org/10.1007/BF03015768
http://www.ncbi.nlm.nih.gov/pubmed/15983144
http://dx.doi.org/10.1093/bja/83.3.397
http://www.ncbi.nlm.nih.gov/pubmed/10655909
http://dx.doi.org/10.4103/1119-3077.224791
http://www.ncbi.nlm.nih.gov/pubmed/29411722
http://dx.doi.org/10.4097/kjae.2010.58.3.239
http://www.ncbi.nlm.nih.gov/pubmed/20498771
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2872839
http://dx.doi.org/10.1111/j.1365-2249.1990.tb05364.x
http://www.ncbi.nlm.nih.gov/pubmed/2397615
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1534999
http://dx.doi.org/10.1097/ALN.0b013e3181eaa9a0
http://www.ncbi.nlm.nih.gov/pubmed/20808213
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3049262
http://dx.doi.org/10.1016/j.jclinane.2011.02.006
http://www.ncbi.nlm.nih.gov/pubmed/22050796
http://dx.doi.org/10.1016/j.jclinane.2007.03.004
http://www.ncbi.nlm.nih.gov/pubmed/17967673
http://dx.doi.org/10.1093/bja/aeg056
http://www.ncbi.nlm.nih.gov/pubmed/12594152
http://dx.doi.org/10.1097/00000539-199905000-00023
http://www.ncbi.nlm.nih.gov/pubmed/10320175
http://dx.doi.org/10.1111/j.1365-2044.1988.tb06641.x
http://www.ncbi.nlm.nih.gov/pubmed/3261547
http://dx.doi.org/10.1213/00000539-199202000-00013
http://www.ncbi.nlm.nih.gov/pubmed/1731545
http://dx.doi.org/10.1111/j.1399-6576.2006.00986.x
http://www.ncbi.nlm.nih.gov/pubmed/16643226
http://dx.doi.org/10.1007/BF03015789
http://www.ncbi.nlm.nih.gov/pubmed/15983165
http://dx.doi.org/10.5958/2394-4994.2016.00039.1
http://dx.doi.org/10.1111/j.1365-2702.2005.01121.x
http://dx.doi.org/10.1111/j.1365-2702.2005.01121.x
http://www.ncbi.nlm.nih.gov/pubmed/16000093
http://dx.doi.org/10.1111/j.1399-6576.2006.01255.x
http://www.ncbi.nlm.nih.gov/pubmed/17378785
http://dx.doi.org/10.1097/00000542-200701000-00015
http://www.ncbi.nlm.nih.gov/pubmed/17197848
http://dx.doi.org/10.1034/j.1399-6576.2002.460405.x
http://www.ncbi.nlm.nih.gov/pubmed/11952433
http://anesthpain.com

	Abstract
	1. Background
	2. Methods
	3. Results
	Table 1
	Table 2

	4. Discussion
	4.1. Conclusions

	Footnotes
	Clinical Trial Registration Code: 
	Conflict of Interests: 
	Ethical Approval: 
	Funding/Support: 
	Patient Consent: 

	References

