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Introduction

The effects of  postural changes in awake healthy individuals can be compensated by the compliance mechanism, 
which can be impaired by a number of  factors, including disease, injury, hunger, long-term physical inactivity and 
anaesthesia. It is commonly known that keeping the head at the level of  the heart in the sitting position, along with 
the effects of  gravity, leads to decreased arterial and venous pressure; therefore, a postural change from standing to 
sitting is likely to cause impaired cerebral perfusion in patients. On the other hand, although cerebral blood flow de-
creases in the sitting position cerebral oxygen consumption rate is unlikely to decrease. Therefore, the sitting position 
can be detrimental to patients with severe cerebrovascular disease (1).

Literature indicates that prior to thyroidectomy, the thyroid lobe is often pulled forward by extending the head 
backwards in the sitting position so as to achieve an optimal surgical field (2). This position may result in decreased 
cerebral blood flow and may also have adverse effects on the volume and rate of  cerebral blood flow and on cerebral 
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Abstract

Objective: The commonly performed sitting position with head extended during thyroidectomy has been shown to cause adverse effects on cer-
ebral regional oxygen saturation (CrSO2). Therefore, the present study aimed to investigate the effects of  two well-known anaesthetic agents, des-
flurane and sevoflurane, on CrSO2 in patients undergoing thyroidectomy in the semi-sitting position by near-infra-red spectroscopy monitoring.

Methods: The study included 60 patients aged 18-65 years, with an American Society of  Anesthesiologists (ASA) physical status classification 
score I-III, who underwent elective thyroidectomy in the semi-sitting position. The patients were randomly divided into two groups, depending 
on the anaesthetic agent administered: (1) sevoflurane group (Group S; n=30) and (2) desflurane group (Group D; n=30). After intubation, the 
patients were placed in a 45-degree semi-sitting position. Vital signs and the CrSO2 levels in both hemispheres were recorded both pre-induction 
and at the induction minute 1, post-intubation, post-positioning, every 5 minutes intraoperatively and in the case of  sudden changes.

Results: No significant difference was found between the groups in terms of  age, height, body weight, the ASA score, operative time and 
left- and right-hemisphere CrSO2 (p>0.05). Moreover, the two groups were statistically similar to each other with regard to peripheral capillary 
oxygen saturation, heart rate, systolic and diastolic blood pressure, mean artery pressure and end-tidal CO2 (ETCO2) levels.

Conclusion: Desflurane and sevoflurane had similar effects in the preservation of  CrSO2 in patients undergoing thyroidectomy in the semi-sit-
ting position.
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regional oxygen saturation (CrSO2). In addition, inhalation 
anaesthetics that are commonly used for administering gen-
eral anaesthesia in patients undergoing thyroidectomy have 
been shown to have direct effects on the blood flow, cerebral 
oxygen consumption rate, cerebrovascular resistance and per-
fusion pressure (3).

Cerebral oxygen desaturation is an important risk factor for 
postoperative cognitive dysfunction (4). Near-infrared spec-
troscopy (NIRS) is a non-invasive technique based on pulse 
oximetry and is used for monitoring CrSO2. In NIRS mea-
surements, the CrSO2 values below 40% and a 25% relative 
increase from the baseline values can be the predictors of  
neurological events, secondary to decreased cerebral oxygen-
ation (5). A previous study showed that maintaining a CrSO2 
value above the critical threshold (a 20% relative decrease 
from the baseline CrSO2 values) leads to lower postoperative 
complication rates and also decreases the length of  postoper-
ative hospital stay (6).

Literature reviews indicate that the effects of  intravenous and 
volatile anaesthetic agents on cerebral oxygenation have been 
extensively studied; however, to the best of  our knowledge, 
there has been no study comparing volatile anaesthetic agents 

with regard to their effects of  on cerebral oxygenation (7, 8). 
In this study, we aimed to investigate the effects of  desflurane 
and sevoflurane on CrSO2 in patients undergoing thyroidec-
tomy in the semi-sitting position.

Methods

The study included 66 euthyroid patients aged 18-65 years, 
with an American Society of  Anesthesiologists (ASA) phys-
ical status classification score I-III, who underwent elective 
thyroidectomy in the semi-sitting position at Yuzuncu Yil 
University, Dursun Odabas Medical School, Anaesthesiol-
ogy and Reanimation Department between July and Octo-
ber, 2017. The study was designed as a single-centre, bal-
anced-randomised (1:1), double-blind, Phase IV study based 
on parallel groups. Of  the 66 patients, 6 patients were ex-
cluded from the study, including one patient who objected to 
participating in the study, one patient who had an endocrine 
disease other than thyroidism and three patients who had 
severe cardiac (n=1), renal (n=1), hepatic (n=1) and respi-
ratory disease (n=1). The remaining 60 patients were ran-
domly assigned into two intervention groups by an anaes-
thesiologist blinded to the study using Microsoft Excel 2013 
(Excel, Microsoft, Remond, WA, ABD; Figure 1). The study 

Figure 1. Flow-chart for sampling and grouping of  the patients in the study

Assessed for eligibility (n=66)

Randomized into 2 groups

Allocated to group desfluraneAllocated to group sevoflurane (n=30)

Lost to follow-up (n=0) Lost to follow-up (n=0)

Analyzed (n=30)Analyzed (n=30)

Excluded (n=6)

Not meeting inclusion 
criteria (n=6)
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was approved by the Van Yuzuncu Yil University Clinical 
Investigation Ethic Committee (Aprowal date: 25.04.2017; 
Number: 07), and a written informed consent was obtained 
from each patient. Both the caregivers in the clinic and the 
anaesthesiologists who evaluated the results were blinded to 
the study protocol.

Each patient underwent preoperative examination at the An-
aesthesiology and Reanimation Polyclinic at least 1 day prior 
to the surgery. On the operation day, each patient was pre-
medicated with 1 mg intravenous midazolam (Demizolam, 
Dem, Turkey) prior to the surgery. Before anaesthetic induc-
tion, routine monitoring was performed including electrocar-
diography (ECG) and the measurement of  haemodynamic 
parameters including peripheral capillary oxygen saturation 
(SpO2), heart rate (HR), systolic blood pressure (SBP), diastol-
ic blood pressure (DBP) and mean arterial pressure (MAP). 
The post-intubation end-tidal carbon dioxide (ETCO2) and 
end-tidal anaesthetic gas concentrations were measured. On 
the operating table, the forehead was wiped with alcohol cot-
ton swab, and two sensors were placed over the right and left 
frontal-temporal regions of  the forehead. The initial values 
measured for the right and left hemispheres separately were 
accepted as preoperative baseline values. A 20% relative de-
crease from the baseline CrSO2 values was defined as the 
critical threshold for intervention. In the case of  a decrease 
below the critical threshold, the oxygen concentration was 
increased, normal haemodynamic parameters were restored, 
neck position was checked and adjusted and the surgeon was 
notified, as needed. An INVOS SOMANETICS Cerebral 
Oximeter was used for continuous monitoring of  CrSO2 for 
both hemispheres separately throughout the surgical proce-
dure. Haemodynamic parameters including SpO2, HR, SBP, 
DBP and MAP and the CrSO2 for both hemispheres were 
measured pre-induction (baseline), at induction minute 1, 
post-intubation and every 5 minutes intraoperatively. ETCO2 
and end-tidal anaesthetic gas concentration were monitored 
and recorded after the intubation.

Anaesthesia was induced with propofol 2 mg kg-1, fentanyl 
2 µg kg-1 and rocuronium 0.5 mg kg-1. Maintenance was ac-
complished with 40% O2, 60% air and 1 MAC inhalation 
anaesthetics. Every 40 min, an additional 50 µg of  fentan-
yl + 10 mg of  rocuronium was administered. The patients 
were divided into two equal groups using the closed-envelope 
method depending on the volatile anaesthetic agent admin-
istered: sevoflurane group (Group S; n=30) and desflurane 
group (Group D; n=30). After the induction of  anaesthesia 
and intubation, a soft cylinder cushion was placed under the 
shoulder to extend the head and neck backwards and the 
45-degree semi-sitting position was achieved by supporting 
the head with a positioning pad and performing partial hip 
and knee flexion with the back of  the table drawn up at a 

45-degree angle. The right arm was abducted, and mechan-
ical ventilation was performed to maintain the ETCO2 level 
between 30 and 35 mmHg.

Care was taken to prevent hypoxaemia, hypercapnia, hyper-
tension and hypotension throughout the anaesthesia. Hy-
pertension was defined as a 20% relative increase from the 
baseline MAP per minute. In the case of  hypertension, rudi-
mentary signs of  anaesthesia such as tearing and perspiration 
were evaluated, and an additional 1 µg kg-1 of  intravenous 
fentanyl was administered. In the case of  persistent hyper-
tension, intravenous nitro-glycerine 0.3-10 µg kg-1 minute 
was administered. Hypotension was defined as a 20% rela-
tive decrease from the baseline MAP per minute. In the case 
of  hypotension, the infusion rates of  intravenous fluids were 
increased. However, in the case of  persistent hypotension, 
ephedrine 5 mg was administered. Bradycardia was defined 
as a HR below 45 beats per minute and tachycardia as an HR 
over 100 beats per min. Atropine 0.5 mg was administered 
for bradycardia, and esmolol 5-10 mg was administered for 
tachycardia. The haemodynamic changes observed intraop-
eratively and during extubation were recorded. At the end 
of  the surgery, extubation was performed after reversal with 
atropine and neostigmine administration. 

Statistical analysis
The sample size calculated for the CrSO2 values was 71%±6. 
Therefore, we used an effect size (d) of  2.5 for a one-sided 
Type I error of  0.05 (Z=1.96) based on the equation [n=z2 
s2:d2], and we used a statistical power of  80%, which resulted 
in a sample size of  22 patients. We planned to recruit two 
groups with 30 patients each, considering that some patients 
could be excluded for protocol violation.

Data were analysed using the Statistical Package for the Social 
Sciences 13.0 for Windows (SPSS Inc.; Chicago, IL, USA). 
Continuous variables were expressed as the mean, standard 
deviation (SD) and minimum and maximum values. Categor-
ical variables were expressed as frequencies and percentages. 
Continuous variables were compared according to the groups 
and the times of  measurements by using repeated measures 
analysis of  variance (ANOVA). Following the ANOVA, Dun-
can’s multiple comparison test was used for measuring specif-
ic differences between pairs of  means. A chi-squared test was 
performed to identify the relationship among the categorical 
variables. A p-value of  <0.05 was considered statistically sig-
nificant.

Results

The study included 60 eligible patients. Patient characteristics 
including age, height, body weight, the ASA score and mean 
operative time were similar in both groups (Table 1).
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The results indicated no significant difference between the SpO2, 
HR, SBP, DBP and MAP values that were measured pre-induc-
tion (baseline), at intraoperative minutes 1 and 5, post-intuba-
tion and every 5 minutes intraoperatively and those measured at 
post-extubation minutes 1 and 5 (p>0.05) (Figure 2).

It was also revealed that no significant difference was estab-
lished between the two groups with regard to the ETCO2 val-
ues measured at intraoperative minutes 1 and 5 and every 5 
minutes intraoperatively (p>0.05).

Right-hemisphere regional oxygen saturation (CrSO2R) 
was measured in both groups (Figure 3). The highest mean 
CrSO2R value was measured at post-intubation min-
utes 1 in both groups (Group S, 78.80±10.79; Group D, 
74.76±8.34). On the other hand, the lowest mean CrSO2R 
value was measured at the intraoperative minute 5 in Group 
D (63.16±12.91) as opposed to intraoperative minute 60 in 
Group S (64.50±10.04). No significant difference was found 
between the groups in terms of  CrSO2R values (p>0.05).

Left-hemisphere regional oxygen saturation (CrSO2L) was 
also measured in both groups (Figure 4). The highest mean 

CrSO2L value was measured at the post-intubation minute 
1 in Group S (77.66±8.60) and at the post-positioning min-
ute 1 in Group D (78.00±7.10). In addition, the lowest mean 
CrSO2L value was measured at the post-positioning minute 
75 in Group S (61.66±12.89) and at the post-positioning min-
ute 50 in Group D (63.36±9.06). No significant difference was 
established between the groups with regard to CrSO2L val-
ues (p>0.05).

Discussion

The present study investigated the effects of  desflurane and 
sevoflurane on CrSO2 in patients undergoing thyroidectomy 
in the semi-sitting position and found no significant difference 
between the two anaesthetic gases with regard to the preser-
vation of  CrSO2.

There have been several studies in the literature evaluating 
the effects of  various anaesthetic agents via NIRS monitoring. 
In these studies, sevoflurane was shown to preserve CrSO2 
better than propofol. Therefore, we applied intravenous an-
aesthesia induction by using sevoflurane in one group and 
desflurane in the second group (9, 10).

Figure 2. Comparison of  MAP values between the two 
groups
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Figure 3. Comparison of  right CrSO2 values between the 
two groups
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Figure 4. Comparison of  left CrSO2 values between the 
two groups
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Table 1. Patient characteristics in the groups

	 Group D 	 Group S 
	 (n=30)	 (n=30) 
	 (Mean±SD)	 (Mean±SD)	 p

Surgery time (min)	 62.50±15.68	 59.83±10.62	 0.44

ASA	 1.67±0.54	 1.67±0.54	 1.00

Height (cm)	 163.53±6.04	 165.13±6.62	 0.33

Weight (kg)	 71.50±11.23	 71.60±10.09	 0.97

Age (years)	 43.43±12.66	 43.27±14.66	 0.96

ASA: American Society of  Anesthesiologists; SD: standard deviation; 
Group D: desflurane group; Group S: sevoflurane group
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Available evidence suggests that although CrSO2 values are 
not affected by anthropometric measurements (height, body 
weight, gender and head circumference) (11), they are affect-
ed by hypoxaemia, hypocapnia, hypercapnia and arterial 
hypotension (12). In our study, no significant difference was 
observed between the two groups in terms of  SpO2, HR, SBP, 
DBP and MAP values. 

Cipolla (13) suggested that the decrease in the ETCO2 and 
PaCO2 values caused by hyperventilation can reduce the 
blood flow as a result of  vasoconstriction of  the cerebral ves-
sels, thereby leading to cerebral oxygen desaturation. In our 
study, although ETCO2 values established no significant dif-
ference between the groups, the lowest value was 29 mmHg 
and the highest was 35 mmHg. No hyper- or hypocapnia was 
observed in any patient. Moreover, no CrSO2 value reached 
the critical threshold; therefore, no intervention was per-
formed for any patient.

Haemoglobin concentration is a key parameter affecting 
CrSO2. Previous studies indicated that CrSO2 significantly 
decreased at the haemoglobin levels <11 g dL-1. Some other 
studies reported that CrSO2 decreased by 7%-9% with blood 
losses ranging between 400 and 1.800 mL (14-16). In our 
study, the mean preoperative haemoglobin level was 13 g dL-1 
in both groups.

A previous study showed that an CrSO2 value <40% and a 
25% relative increase from the baseline value can be the pre-
dictors of  neurological events secondary to decreased cerebral 
oxygenation (5). Nevertheless, there are contradictory values 
reported for the normal ranges of  CrSO2. Madsen et al. (17), 
for instance, evaluated 39 resting subjects with no cardiorespi-
ratory disease and reported that the normal range of  cerebral 
CrSO2 value was 55-78. Kim et al. (18), on the other hand, 
evaluated 39 healthy volunteers aged 20-36 years and found 
the baseline cerebral CrSO2 value as 71±6. In our study, the 
baseline cerebral CrSO2 values in both groups were statistical-
ly similar to each other (Group S, 67.5; Group D, 66.5), and 
no significant difference was found between the two groups. 
In addition, a 10% relative decrease from the baseline CrSO2 
values was found in 18% of  the patients in Group D and in 
26% of  the patients in Group S, whereas a relative 20% de-
crease from the baseline values was found in 10% of  the pa-
tients in Group D and in 13% of  the patients in Group S. 
Moreover, no patient had a decrease of  more than 20%, and 
no baseline CrSO2 value was below 55% in any patient.

Fassoulaki et al. (19) also evaluated the effects of  desflurane 
and sevoflurane on CrSO2 and reported that although equi-
potent concentrations of  desflurane or sevoflurane resulted 
in similar CrSO2 values, higher concentrations of  both an-
aesthetics resulted in increased CrSO2 values. In that study, 

bispectral index (BIS)monitoring was used, and the type of  
surgery was abdominal hysterectomy. In our study, however, 
we did not use the BIS monitoring, which can be considered 
as a limitation to our study.

Blood pressure and CrSO2 are known to vary between the 
surgeries performed in the sitting vs. semi-sitting position. 
Kim et al. (18) compared the effects of  desflurane and propo-
fol in patients undergoing shoulder surgery in the sitting posi-
tion and found that desflurane preserved CrSO2 better than 
propofol. Similarly, we also found that desflurane preserved 
CrSO2 better than sevoflurane. Moreover, the MAP and both 
the right- and left-hemisphere CrSO2 values started to de-
crease during the positioning of  the patient.

Conclusion

The measurements performed by NIRS monitoring indicat-
ed that desflurane and sevoflurane had similar effects in the 
preservation of  CrSO2. Further studies are needed to provide 
substantial support to our findings.

Ethics Committee Approval: Ethics committee approval was 
received for this study from the ethics committee of  Van Yüzüncü 
Yıl University Clinical Investigation Ethic Committee (Date: 
25.04.2017; No. 07).

Informed Consent: Written informed consent was obtained from 
cases who participated in this study. 

Peer-review: Externally peer-reviewed. 

Author Contributions: Concept – C.S.; Design – C.S., N.G.; Su-
pervision – C.S., N.Y., L.A.; Resources – L.A., C.S., N.G., N.Y.; Mate-
rials – L.A.; Data Collection and/or Processing – L.A., C.S.; Analysis 
and/or Interpretation – L.A., C.S., N.G., N.Y.; Literature Search – 
L.A., C.S., N.G., N.Y.; Writing Manuscript – L.A., C.S., N.G.; Critical 
Review – L.A., C.S., N.G., N.Y.; Other – L.A., C.S., N.G., N.Y.

Conflict of  Interest: The authors have no conflicts of  interest to 
declare.

Financial Disclosure: The authors declared that this study has 
received no financial support.

References

1.	 Aguirre JA, Etzensperger F, Brada M, Guzzella S, Saporito A, 
Blumenthal S, et al. The beach chair position for shoulder surgery 
in intravenous general anesthesia and controlled hypotension: Im-
pact on cerebral oxygenation, cerebral blood flow and neurobe-
havioral outcome. J Clin Anesth 2018; 53: 40-8. [CrossRef]

2.	 Saracoglu A, Altun D, Yavru A, Aksakal N, Sormaz IC, Cam-
ci E. Effects of  Head Position on Cerebral Oxygenation and 
Blood Flow Velocity During Thyroidectomy. Turk J Anaesthesi-
ol Reanim 2016; 44: 241-6. [CrossRef]

Turk J Anaesthesiol Reanim 2019; 47(5): 396-401Akçay et al. Desflurane, Sevoflurane and Cerebral Oxygen Saturation

400

https://doi.org/10.1016/j.jclinane.2018.09.035
https://doi.org/10.5152/TJAR.2016.77598


3.	 Siesjö B, Siesjö P. Mechanisms of  secondary brain injury. Eur J 
Anaesthesiol 1996; 13: 247-68. [CrossRef]

4.	 Tang L, Kazan R, Taddei R, Zaouter C, Cyr S, Hemmerling 
T. Reduced cerebral oxygen saturation during thoracic surgery 
predicts early postoperative cognitive dysfunction. Br J Anaesth 
2012; 108: 623-9. [CrossRef]

5.	 Pellicer A, del Carmen Bravo M, editors. Near-infrared spec-
troscopy: a methodology-focused review. Seminars in fetal and 
neonatal medicine; 2011: Elsevier. [CrossRef]

6.	 Iglesias I, Murkin J, Bainbridge D, Adams S, editors. Monitor-
ing cerebral oxygen saturation significantly decreases postop-
erative length of  stay: a prospective randomized blinded study. 
Heart Surg Forum; 2003.

7.	 Golkowski D, Ranft A, Kiel T, Riedl V, Kohl P, Rohrer G, et al. 
Coherence of  BOLD signal and electrical activity in the human 
brain during deep sevoflurane anesthesia. Brain Behav 2017; 7: 
e00679. [CrossRef]

8.	 Kuzkov VV, Obraztsov MY, Ivashchenko OY, Ivashchenko NY, 
Gorenkov VM, Kirov MY. Total Intravenous Versus Volatile 
Induction and Maintenance of  Anesthesia in Elective Carotid 
Endarterectomy: Effects on Cerebral Oxygenation and Cogni-
tive Functions. J Cardiothorac Vasc Anesth 2018; 32: 1701-8. 
[CrossRef]

9.	 Valencia L, Rodríguez-Pérez A, Kühlmorgen B, Santana R, 
editors. Does sevoflurane preserve regional cerebral oxygen 
saturation measured by near-infrared spectroscopy better than 
propofol? Annales francaises d’anesthesie et de reanimation; 
2014: Elsevier. [CrossRef]

10.	 Ružman T, Šimurina T, Gulam D, Ružman N, Miškulin M. 
Sevoflurane preserves regional cerebral oxygen saturation bet-
ter than propofol: Randomized controlled trial. J Clin Anesth 
2017; 36: 110-7. [CrossRef]

11.	 Edmonds Jr HL, Ganzel BL, Austin EH, editors. Cerebral ox-
imetry for cardiac and vascular surgery. Seminars in cardiotho-
racic and vascular anesthesia; 2004: SAGE Publications Sage 
CA: Los Angeles, CA. [CrossRef]

12.	 Madsen PL, Secher NH. Near-infrared oximetry of  the brain. 
Prog Neurobiol 1999; 58: 541-60. [CrossRef]

13.	 Cipolla MJ. The cerebral circulation. Integrated Systems Phys-
iology: From Molecule to Function 2009; 1: 1-59. [CrossRef]

14.	 Lee DH, Choi JH, Lee DI, Choi YK. Changes in blood pres-
sure, heart rate and regional cerebral oxygen saturation during 
the sitting position for shoulder arthroscopic surgery. Korean J 
Anesthesiol 2008; 55: 46-51. [CrossRef]

15.	 Torella F, McCollum C. Regional haemoglobin oxygen satu-
ration during surgical haemorrhage. Minerva Med 2004; 95: 
461-7.

16.	 Lassnigg A, Hiesmayr M, Keznickl P, Müllner T, Ehrlich M, 
Grubhofer G. Cerebral oxygenation during cardiopulmonary 
bypass measured by near-infrared spectroscopy: effects of  he-
modilution, temperature, and flow. J Cardiothorac Vasc Anesth 
1999; 13: 544-8. [CrossRef]

17.	 Madsen P, Nielsen H, Christiansen P. Well-being and cerebral 
oxygen saturation during acute heart failure in humans. Clin 
Physiol 2000; 20: 158-64. [CrossRef]

18.	 Kim JY, Lee JS, Lee KC, Kim HS, Kim SH, Kwak HJ. The 
effect of  desflurane versus propofol on regional cerebral oxy-
genation in the sitting position for shoulder arthroscopy. J Clin 
Monit Comput 2014; 28: 371-6. [CrossRef]

19.	 Fassoulaki A, Kaliontzi H, Petropoulos G, Tsaroucha A. The effect 
of  desflurane and sevoflurane on cerebral oximetry under steady-
state conditions. Anesth Analg 2006; 102: 1830-5. [CrossRef]

Turk J Anaesthesiol Reanim 2019; 47(5): 396-401 Akçay et al. Desflurane, Sevoflurane and Cerebral Oxygen Saturation

401

https://doi.org/10.1097/00003643-199605000-00004
https://doi.org/10.1093/bja/aer501
https://doi.org/10.1016/j.siny.2010.05.003
https://doi.org/10.1002/brb3.679
https://doi.org/10.1053/j.jvca.2017.12.049
https://doi.org/10.1016/j.annfar.2013.12.020
https://doi.org/10.1016/j.jclinane.2016.10.010
https://doi.org/10.1177/108925320400800208
https://doi.org/10.1016/S0301-0082(98)00093-8
https://doi.org/10.4199/C00005ED1V01Y200912ISP002
https://doi.org/10.4097/kjae.2008.55.1.46
https://doi.org/10.1016/S1053-0770(99)90005-8
https://doi.org/10.1046/j.1365-2281.2000.00241.x
https://doi.org/10.1007/s10877-013-9543-5
https://doi.org/10.1213/01.ane.0000205739.37190.14

