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Background: Obese patients require specific perioperative care

when compared with non-obese patients. The present study

aimed to analyse the ability of size descriptors to estimate propo-

fol induction dose in class II and III obese patients.

Methods: A cross-sectional study on adult patients with body

mass index (BMI) equal to or greater than 35 kg/m2 and on adult

patients with BMI lower than 35 kg/m2 was carried out. General

anaesthesia was induced with remifentanil, propofol and rocuro-

nium. Propofol infusion was started at 2000 mg/h until loss of

consciousness. Bioelectrical impedance analysis and Brice modi-

fied interview was completed during pre- and post-operative

evaluation, respectively. Measurements of propofol plasma

concentration were performed using gas chromatography/ion trap-

mass spectrometry.

Results: Forty patients were enrolled in the study. The median

values of fat free mass (FFM) in BMI < 35 kg/m2 and

BMI ≥ 35 kg/m2 groups were 70% and 55% of total body weight,

respectively. Our results did not demonstrate a strong correlation

level between the studied size descriptors and propofol induction

dose in both groups. Nevertheless, when propofol doses were

normalized by FFM, an apparent convergence of the empirical

cumulative distribution functions was observed.

Conclusion: None of the size descriptors was seen to be an effec-

tive predictor of the propofol induction dose in class II and III

obese patients when a fixed infusion rate was used. Due to the

observed variability between patients, guiding propofol induction

dose against a clinical endpoint of unconsciousness appears more

appropriate in order to avoid side effects related both with under

or overdosing of propofol.

Editorial comment

There is not a perfect guide today for pre-operatively choosing the propofol dose needed to induce

sleep in obese patients. This study assessed propofol induction dose effects related to total body

weight and fat-free mass. These factors were not observed to be strongly predictive of propofol

dose for hypnosis in extremely obese groups.
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Worldwide, obesity has more than doubled

since 1980.1 For adults, World Health Organiza-

tion defines obesity as a body mass index (BMI)

greater than or equal to 30.1 Obese patients pre-

sent a different set of challenges and require

specific perioperative care compared with non-

obese patients.2

Among these challenges is the different drug

pharmacokinetics associated to physiological

and anthropometric changes. Obese patients

have an increased amount of fat and lean body

weight (LBW), an increased blood volume, car-

diac output, splanchnic blood flow and hepatic

blood flow which possibly affect the apparent

volume of distribution, peak plasma concentra-

tion, clearance and elimination half-life of many

agents.2,3 However, there is still limited evi-

dence on the effect of obesity on the pharmacol-

ogy of commonly used anaesthetic drugs.

Propofol is presently the most frequently used

induction agent for obese patients.4 Propofol is

highly lipophilic and it distributes rapidly from

the plasma to the peripheral tissues. Redistribu-

tion from the effect site accounts for its short

duration of action after a single bolus dose.

Therefore, at the present, it is recommended to

calculate the induction dose of propofol consid-

ering LBW.2,4,5 However, it has been reported

that LBW-based induction dose of propofol is

not adequate to achieve loss of consciousness

(LOC)6 and TBW has also been suggested as a

more appropriate scalar for propofol dosing in

obese patients.7

Computed tomography, magnetic resonance

imaging and dual absorptiometry x-ray are used

to estimate LBW, but it may be difficult to have

access to these methods in clinical practice. Bio-

electrical impedance, anthropometry and hydro-

static weighting can also be used to measure

LBW; however, these methods still require the

acquisition of special equipment.8–10 Therefore,

numerous predictive equations have been devel-

oped as an alternative in measuring LBW when

the access to more accurate methods is limited,

but they are specific to the population they

are developed in and have limited general

application.10

Accordingly, although LBW seems to be the

preferred size descriptor to be used in pharma-

cokinetic studies in obese patients, this

recommendation is not yet a clear cut. The prob-

lem is even more complex in obese children and

in obese patients with organ failure. Further-

more, recent publications proposed to titrate

drug doses in obese patients to direct measure

effects.2,11,12

In this study, we planned to assess propofol

induction dose in class II and III obese patients

using a fix propofol infusion rate and to analyse

the ability of size descriptors, measured by bio-

electrical impedance, to estimate propofol dose

in these patients. We also measured propofol

plasma concentration after LOC and conducted a

questionnaire to assess the incidence of aware-

ness in order to evaluate the effect of obesity on

the relationship among propofol dose, plasma

concentration and effect.

Material and methods

The study was performed at Centro Hospitalar

do Porto, Porto, Portugal after Hospital Review

Board and Ethical Committee approvals (IRB:

N/REF.ª 2015.221(183-DEFI/165-CES). This

study trial contains secondary analyses of clini-

cal trial data registered at clinicaltrials.gov

under the reference NCT02713698 on 23 Febru-

ary 2016. Written, informed consent was

obtained from all study patients.

This manuscript adheres to the applicable

STROBE (Strengthening the reporting of Obser-

vational studies in epidemiology) guidelines.

Patients

Adult patients (18–68 years) with ASA physical

status II to III and BMI equal to or greater than

35 kg/m2 scheduled to undergo laparoscopic

gastric bypass surgery and adult patients

(18–68 years) with ASA physical status I to II

and BMI lower than 35 kg/m2 scheduled for

nose or ear surgery were included in the study.

BMI between 35 and 39.9 kg/m2 defines class II

obesity and BMI equal to or greater than 40 kg/

m2 defines class III obesity.13

Exclusion criteria included severe hepatic or

renal insufficiency, significant haemodynamic

instability prior to the surgery or a known

allergy to propofol at the time of enrolment.

Patients with predictive criteria for difficult
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airway management, patients with a pacemaker

and pregnant woman were also excluded.

Analysis of body composition by
bioelectrical impedance

The body composition of each patient was

assessed by BCM (Fresenius Medical Care, Ger-

many) during pre-operative evaluation.14

The values of resistance and reactance

obtained at 50 kHz were used to estimate fat

free mass (FFM) or fat mass (FM) according to

bioelectrical impedance analysis equations.15

The equation proposed by Kyle et al.16 was

used for the assessment of FFM in patients with

BMI < 35 kg/m2 and the equation proposed by

Horie et al.17 was used in patients with

BMI ≥ 35 kg/m2 for the assessment of FM.

Study design and anaesthetic procedure

The proposed study is a cross-sectional study.

The whole anaesthetic procedure was standard

except for additional body composition assess-

ment with body composition monitor (BCM,

Fresenius Medical Care, Germany) and arterial

blood sample after LOC.

All patients received standardized anaesthesia

without pre-medication. In the operative room,

continuous pulse oximetry, electrocardiography,

invasive blood pressure and neuromuscular

blockade were established. The bispectral index

was monitored using a BIS VISTATM Bilateral

Monitoring System (Covidien, Colorado, US)

with a bilateral sensor on the forehead of the

patient.

General anaesthesia was induced with

remifentanil, propofol (using OrchestraTM

Mobile stand, Fresenius Vial, Br�ezins, France)

and rocuronium. Remifentanil effect-site concen-

tration was set at 3 ng/ml, according to pharma-

cokinetic model of Minto et al.18 and a

continuous infusion of propofol was started at

2000 mg/h until LOC, defined by ‘loss of eye-

lash reflex’ and ‘loss of response to name call-

ing’. Total dose of propofol at LOC was

recorded in all patients. After LOC, rocuronium

(0.6 mg/kg) was administered and propofol

infusion rate was reduced to 6 mg/kg/h (LBW

in BMI ≥ 35 kg/m2 group) and then guided by

BIS.

Awareness interview

The Brice interview was used to detect aware-

ness. The interview comprised of five questions,

based on the study of Brice et al.19, and was

addressed to the patients after post-anaesthesia

care unit admission and in the first 24–48 h after

surgery. The patient’s reports were classified as

definitive awareness, possible awareness and no

awareness according to commonly used classifi-

cations described in the literature.20–22

Quantification of propofol plasma

concentration

The quantification of propofol in serum was per-

formed using gas chromatography/ion trap-mass

spectrometry (GC/IT-MS).23

Arterial blood samples were collected into

serum tubes after LOC, and at the end of

surgery they were centrifuged at 2862 9g for

5 min. Serum was preserved at �80°C until

analysis.

The detection of thymol and propofol was

conducted in Fullscan mode and the quantifica-

tion performed by reprocessing the Fullscan

chromatogram with the characteristic m/z frag-

ments of each molecule. For propofol, the m/z

ions used were 163 and 178 and for thymol m/z

135 and 150. Seven-point calibration curves24

for propofol were constructed regularly by plot-

ting the ratio of propofol/internal standard areas

vs. propofol concentration. The concentration

range for the calibration curve was defined

according to the expected serum concentrations

(0.25, 0.5, 1, 2, 4, 5 and 10 lg/ml). Considering

propofol and internal standard areas of each

serum sample, final propofol concentration was

then calculated using the calibration curve.

Sample size

Literature shows a strong correlation (r2 = 0.74)

between propofol induction dose and LBW in

obese patients.5 As a result, sample size consid-

erations were based on association analyses

using the Pearson correlation test.

To detect a correlation of at least 0.6 between

propofol induction dose and LBW a sample of

19 subjects was calculated to provide 80%

power and a 0.05 level of significance.
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Statistical methodology

The Shapiro–Wilk test was used to test for the

normality of data. Categorical variables are pre-

sented as frequency. Continuous data are pre-

sent as mean (standard deviation).

For comparison between groups, the

Student’s t-test and Mann–Whitney-Wilcoxon

test were used for continuous variables and the

Chi-square test was used for categorical

variables.

The correlation between propofol dose at LOC

and body composition parameters was measured

using Pearson’s coefficient and the coefficient of

determination (r2).

A P-value < 0.05 was considered to be statisti-

cally significant.

Results

Twenty adult patients with BMI equal to or

greater than 35 (BMI ≥ 35 kg/m2 group) and 20

adult patients with BMI lower than 35

(BMI < 35 kg/m2 group) were enrolled for par-

ticipation in the study from April 2016 to March

2017.

Patient0s demographics and comorbidity

indexes are presented in Table 1. There are no

statistical significant differences between groups

for age and Charlson comorbidity index.25

However, all patients in BMI ≥ 35 kg/m2 group

were classified as ASA class III, while all

patients in the other group were classified as

ASA class I or II.

The body composition of each patient evalu-

ated by bioelectrical impedance analysis is illus-

trated in Fig. 1. The median values of FFM in

BMI < 35 kg/m2 and BMI ≥ 35 kg/m2 groups

are 70% and 55% of TBW, respectively. There is

a good agreement between the LBW values

obtained by the Janmahasatian equation26 and

FFM values measured by the BCM in both

groups (Fig. 2).

Table 2 shows that there are statistically sig-

nificant differences in propofol induction dose

(P < 0.001) and BIS values (P < 0.001) between

groups. However, with respect to BIS values

at LOC, both groups registered a mean value

higher than 60. Table 2 also shows that the

measured plasma propofol concentration after

LOC was 3.77 � 1.49 lg/ml and 4.87 � 1.03

lg/ml for BMI < 35 kg/m2 and BMI ≥ 35 kg/

m2 groups, respectively (P = 0.012).

Furthermore, at the time of arterial blood

sample collection, BIS values indicated an

appropriate level of general anaesthesia in

both groups.

Figure 3 shows that none of the size descrip-

tors was seen to be an effective predictor of the

propofol dose at LOC in both groups. The

higher correlation level (r2 = 0.43) was

observed for BMI < 35 kg/m2 group when TBW

was used as the dependent variable. Neverthe-

less, even in this case the significance of the

correlation is limited due to the effect of one

isolated point. Figure 3 also indicates that the

use of a standard propofol induction dose

(2 mg/kg) based on TBW will result in very

high doses in the BMI ≥ 35 kg/m2 group. Con-

versely, the use of FFM in the calculation of

propofol induction dose results in inappropri-

ately low doses in some patients of both

studied groups.

The empirical cumulative distribution func-

tions (ECDFs) of propofol dose at LOC (Fig. 4)

show that the median propofol dose based on

TBW is 1.24 and 0.91 mg/kg, for BMI < 35 kg/m2

group and BMI ≥ 35 kg/m2 groups, respectively.

In comparison, when propofol dose at LOC is

normalized by FFM, the median propofol dose

is similar in both groups (1.84 vs. 1.73 mg/kg).

Table 1 Patient demographic characteristics and comorbidity

indexes.

Variables BMI < 35 group BMI ≥ 35 group P-value

Age (years) 43.7 (12.5)* 47.9 (9.5)* 0.236

Gender

Female 13 (65)† 18 (90)† 0.018

Male 7 (35)† 2 (10)†

ASA

I 7 (35)† 0 < 0.001

II 13 (65)† 0

III 0 20 (100)†

Charlson Comorbidity index

0–1 19 (95)† 14 (70)† 0.058

2–3 1 (5)† 5 (25)†

4–5 0 1 (5)†

BMI 25.4 (3.4)* 42.6 (4.8)* < 0.001

*Data present as mean (SD). †Data present as frequency (%).

ASA, American society of anaesthesiology; BMI, body mass

index (kg/m2).
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With respect to haemodynamic variables

(Table 3), hypotension after induction of gen-

eral anaesthesia was defined as a decrease in

baseline mean arterial pressure (MAP) higher

than 40%, within 5 min of propofol infusion.

These results show a statistically significant

difference between MAP values before and

after propofol dose in both groups for

BMI ≥ 35 kg/m2 and BMI < 35 kg/m2 groups,

respectively. However, only one morbidly

0

0.2

0.4

0.6

0.8

1

B
od

y 
co

m
po

si
tio

n 
(1

/T
B

W
)

0.6

0.7

0.8

FFM/TBW
FM/TBW

FFM/TBW

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
0

0.2

0.4

0.6

0.8

1

Patient

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Patient

Bo
dy

 c
om

po
si

tio
n 

(1
/T

BW
) Body composition BMI ≥ 35 (kg/m2) group

Body composition BMI < 35 (kg/m2) group

0.4

0.5

0.6

FFM/TBW
FM/TBW

FFM/TBW

Fig. 1. Body composition according to bioelectrical impedance analysis. Upper and lower panels represent, respectively, body composition of

patients with BMI < 35 kg/m2 and BMI ≥ 35 kg/m2. Box plots in both panels display the degree of dispersion of FFM in relation to TBW. BMI,

body mass index; FFM, fat free mass; FM, fat mass; TBW, total body weight.

40 50 60 70
–10

–5

0

5

10

15

20

Mean + 2*SD

Mean - 2*SD

Average LBW by Two Methods

B
IA

 - 
Fo

rm
ul

a

–10

–5

0

5

10

15

20

B
IA

 - 
Fo

rm
ul

a

BMI < 35 (kg/m2) Group

50 60 70 80

Mean + 2*SD

Mean - 2*SD

Average LBW by Two Methods

BMI ≥ 35 (kg/m2) GroupA B

Fig. 2. Bland–Altman plots - Janmahasatian formula vs. body impedance analysis in BMI < 35 kg/m2 group (A) and BMI ≥ 35 kg/m2 group (B).

BMI, body mass index.

Acta Anaesthesiologica Scandinavica (2017)

ª 2017 The Acta Anaesthesiologica Scandinavica Foundation. Published by John Wiley & Sons Ltd 5

PROPOFOL INDUCTION DOSE IN OBESE PATIENTS



obese patient has shown a variation higher

than 40% in MAP values. This patient was

treated with ephedrine and fluid boluses to

return MAP to baseline levels.

There were no other side effects during anaes-

thetic induction and none of the patients’ inter-

views indicated awareness during induction of

general anaesthesia.

Discussion

Notwithstanding the apparent convergence of

the ECDFs when doses of propofol are normal-

ized by FFM, none of the size descriptors were

seen to be an effective predictor of the propofol

dose at LOC.

Table 2 Propofol dose until loss of consciousness.

Variables BMI < 35 group BMI ≥ 35 group P-value

Propofol at LOC (mg) 97.7 (39.5)* 107.5 (34.2)* 0.239

Time to LOC (s) 175.8 (71.2)* 193.5 (61.5)* 0.408

Propofol at LOC (mg/kg of TBW) 1.4 (0.4)* 0.96 (0.3)* < 0.001

BIS at LOC 63.8 (10.3)* 75.8 (10)* < 0.001

Plasma [Propofol] (lg/ml) 3.8 (1.5)* 4.9 (1)* 0.012

Propofol† after LOC (mg) 12.69 (12.25)* 28.24 (16.57)* 0.002

Time‡ after LOC (s) 88 (82.3)* 121.5 (34.7)* 0.114

BIS§ after LOC 53.8 (12.1)* 48.1 (10.1)* 0.050

*Data presented as mean (SD). †Propofol after LOC is the propofol dose administered between LOC and arterial blood sample. ‡Time after

LOC is the time when arterial blood sample was obtained after LOC. §BIS after LOC is the numeric BIS value at the time of blood sample col-

lection. BIS, bispectral index; BMI, body mass index (kg/m2); LOC, loss of consciousness; TBW, total body weight.
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Previously, Ingrande et al.5 have used an infu-

sion rate (100 mg/kg/h) based on TBW or LBW

to characterize the differences in dose require-

ments and LOC in morbidly obese patients.

These authors concluded that, when compared

with control subjects receiving a propofol induc-

tion dose based on TBW, morbidly obese sub-

jects receiving propofol based on LBW required

similar doses of propofol and similar times to

reach LOC, suggesting the relevance of LBW as

a more accurate dose scalar in these patients.

For the fixed infusion rate used in this study

(2000 mg/h), the average amount of propofol

required to LOC was lower and the time to

reach LOC was higher than those observed by

Ingrande et al.5 The strong correlation levels

observed in5 were also not verified in this

study. Since propofol administration rate has a

critical impact on the dose and time required to

induction of general anaesthesia,27–29 the use of

multiple rates of propofol infusion calculated

according to different body size scalars appear

alone to result in different dosing regimens and

correlation levels. In this study, remifentanil

infusion was started before propofol for arterial

line placement. Nevertheless, it has been shown

by Milne et al.30 that low target remifentanil

concentrations (< 4 ng/ml) have poor hypnotic

potency and therefore a limited contribution to

propofol requirements in the early induction

phases, in the absence of painful stimulation.

Additionally, Subramani et al.6 verified that

the induction dose of propofol based on the

BIS index (100 mg/kg/h to an initial target end-

point of a BIS of 50) was different from the

induction dose based on LBW in morbidly

obese patients. The LBW dose of propofol was

based on the results obtained in the study con-

ducted by Ingrand et al.5, but their findings

suggest that the LBW-based dose of propofol

may be inadequate for induction of anaesthesia

in morbidly obese patients. The LBW group

required additional propofol to achieve LOC,

which was evaluated using the observer’s

assessment alertness/sedation scale score of 0

(lack of response to a painful stimulus).

Notwithstanding BIS monitoring has been

shown to be an effective guide for dosing

anaesthetic drugs, the delay between clinical

recognition of LOC and the decrease in BIS val-

ues observed in the present study may lead to

propofol overdosing when BIS values are used

to monitor propofol induction dose. Further-

more, the delay between processed electroen-

cephalogram and drug effect during induction

of general anaesthesia and the subsequent
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Table 3 Mean arterial pressure during induction of general

anaesthesia.

Variables

BMI < 35

group

BMI ≥ 35

group P-value

MAP before propofol

(mmHg)

87.4 (8.7)* 99 (14.1)* 0.004

MAP after propofol

(mmHg)

69.2 (12.7)* 82.5 (22.9)* 0.031

MAP variation† (%) 20.4 (13.8)* 16.3 (22.3)* 0.483

*Data presented as mean (SD). †Variation = [(MAP before propo-

fol – MAP after propofol)/MAP before propofol]*100. BMI, body

mass index (kg/m2); MAP, mean arterial pressure.
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administration of excess propofol dose have

already been reported elsewhere.31

According to the results of NAP5 (5th

National Audit Project of the Royal College of

Anaesthesiologists and the Association of

Anaesthetists of Great Britain and Ireland),

induction is a high-risk phase of anaesthesia for

awareness, particularly in obese patients. They

concluded that dosing propofol based on TBW

might be a better strategy to reduce the risk of

awareness in these patients. Nevertheless, with

propofol dose used in this study, none of the

patient’s interviews indicated awareness or pos-

sible awareness during the induction of general

anaesthesia and the propofol plasma concentra-

tions obtained in both groups were in accor-

dance to previous published literature to ensure

an adequate level of anaesthesia.32,33

With respect to propofol plasma concentra-

tions, it was additionally noted that they were

lower in the BMI < 35 kg/m2 group. These

results suggest that the volume of distribution

of the central compartment of propofol is not

increased in the BMI ≥ 35 kg/m2 group despite

its lipophilicity. Consequently the use of TBW

as a weight scalar to calculate propofol induc-

tion dose should result in an inappropriately

high dose level. As previously described, obe-

sity is not only associated with an increase in

tissue mass but also with different lean body

mass to fat mass ratios, which will have a sig-

nificant impact on drug distribution.34 Addition-

ally, previously literature demonstrates that the

increased body size in obese patients result in

an increase in total blood volume and cardiac

output, which is important in the first minutes

after propofol administration.34 However, some

studies also mention that cardiac output corre-

lates with BMI in a nonlinear manner and the

hyperdynamic circulation caused by obesity is

observed only at early stages of the disease; adi-

posity increases vascular resistance and over

time leads to structural heart changes.11,35

Regarding haemodynamic effects of propofol,

it was observed that slower rates of propofol

infusion could allow for a more suitable haemo-

dynamic control during induction of general

anaesthesia, since for the same haemodynamic

endpoint that has been previously reported

(40% decrease in baseline MAP within 5 min of

propofol infusion),5 post-induction hypotension

was only identified in one patient in the

BMI ≥ 35 kg/m2 group.

There are potential limitations associated to

this study concerning cardiac output evaluation

and group composition. Firstly, cardiac output

was not measured and cardiac output is an

important factor for early propofol distribution.

However, it has already been published that car-

diac output is more strongly related to lean tissue

than to adipose mass.5,36 Additionally, there was

a delay between clinical LOC and blood sample

collection. Nevertheless, the main reason for the

presentation of these results consisted in show-

ing that the strategy adopted (2000 mg/h) was

efficient given the adequate range of plasma con-

centrations measured. With respect to group com-

position, significant differences were verified

concerning gender and ASA scores. Body compo-

sition is a known difference between genders.

However, as the authors used a direct characteri-

zation of the size of each patient, the focus was

put on the ability of different body size descrip-

tors to estimate propofol dose to LOC. With

respect to ASA score, as BMI is a direct measure

that is related with ASA score and both groups

were nominated according to selected BMI, BMI

alone contributed to the increasing of the ASA

score of a given patient of BMI ≥ 35 kg/m2 group.

The age range of patients was also heterogeneous

in both groups since patients between 18 and

68 years were included. Nevertheless, the aver-

age age of patients was not significantly different

between groups.

In conclusion, none of the size descriptors

was seen to be an effective predictor of the

propofol induction dose in class II and III obese

patients when a fixed infusion rate was used

(2000 mg/h). Due to the observed variability

between patients, guiding propofol induction

dose against a clinical endpoint of unconscious-

ness appears more appropriate in order to avoid

side effects related both with under or overdos-

ing of propofol.

Acknowledgements

Financial support from the ‘Fundo para a Inves-

tigac�~ao e Desenvolvimento do Centro Hospitalar

do Porto’ is gratefully acknowledged. BIS brain

monitoring sensors were provided by Medtro-

nicTM. The BCM monitor was made available

Acta Anaesthesiologica Scandinavica (2017)

8 ª 2017 The Acta Anaesthesiologica Scandinavica Foundation. Published by John Wiley & Sons Ltd

A. M. ARA�UJO ET AL.



by Fresenius Medical Care PortugalTM. The

authors thank Toxicological Laboratory, Depart-

ment of Biological Sciences, Faculty of Phar-

macy, University of Porto for technical

cooperation in propofol plasma dosing. The

assistance provided by Food and Nutrition

Department of Centro Hospitalar do Porto, in

the critical analysis of bio-electrical impedance

results is also gratefully acknowledged.

References

1. WHO. Obesity and overweight - fact sheet; 2016.

Available at: [www document] http://www.who.

int/mediacentre/factsheets/fs311/en/2017 (accessed

30 August 2017).

2. Members of the Working Party, Nightingale CE,

Margarson MP, Shearer E, Redman JW, Lucas DN,

Cousins JM, Fox WTA, Kennedy NJ, Venn PJ,

Skues M, Gabbott D, Misra U, Pandit JJ, Popat

MT, Griffiths R. Peri-operative management of the

obese surgical patient 2015. Anaesthesia 2015; 70:

859–76.
3. Knibbe CA, Brill MJ, van Rongen A, Diepstraten J,

van der Graaf PH, Danhof M. Drug disposition in

obesity: toward evidence-based dosing. Annu Rev

Pharmacol Toxicol 2015; 55: 149–67.
4. Ingrande J, Lemmens HJM. Dose adjustment of

anaesthetics in the morbidly obese. Br J Anaesth

2010; 105: i16–23.
5. Ingrande J, Brodsky JB, Lemmens HJ. Lean body

weight scalar for the anesthetic induction dose of

propofol in morbidly obese subjects. Anesth Analg

2011; 113: 57–62.
6. Subramani Y, Riad W, Chung F, Wong J. Optimal

propofol induction dose in morbidly obese patients:

a randomized controlled trial comparing the

bispectral index and lean body weight scalar. Can J

Anaesth 2017; 64: 471–9.
7. Pandit JJ, Andrade J, Bogod DG, Hitchman JM,

Jonker WR, Lucas N, Mackay JH, Nimmo AF,

O’Connor K, O’Sullivan EP, Paul RG, Palmer JH,

Plaat F, Radcliffe JJ, Sury MR, Torevell HE, Wang

M, Hainsworth J, Cook TM. 5th National Audit

Project (NAP5) on accidental awareness during

general anaesthesia: summary of main findings and

risk factors. Br J Anaesth 2014; 113: 549–59.
8. Erstad BL. Improving Medication Dosing in the

Obese Patient. Clin Drug Invest 2017; 37: 1–6.
9. Yu S, Visvanathan T, Field J, Ward LC, Chapman I,

Adams R, Wittert G, Visvanathan R. Lean body

mass: the development and validation of prediction

equations in healthy adults. BMC Pharmacol

Toxicol 2013; 14: 1–9.
10. Mitchell SJ, Kirkpatrick CM, Le Couteur DG,

Naganathan V, Sambrook PN, Seibel MJ, Blyth

FM, Waite LM, Handelsman DJ, Cumming RG,

Hilmer SN. Estimation of lean body weight in

older community-dwelling men. Br J Clin

Pharmacol 2010; 69: 118–27.
11. Martin JH, Saleem M, Looke D. Therapeutic drug

monitoring to adjust dosing in morbid obesity - a

new use for an old methodology. Br J Clin

Pharmacol 2012; 73: 685–90.
12. Green B, Duffull SB. What is the best size

descriptor to use for pharmacokinetic studies in the

obese? Br J Clin Pharmacol 2004; 58: 119–33.
13. WHO. Body mass index - BMI. Available at: [www

document] http://www.euro.who.int/en/health-

topics/disease-prevention/nutrition/a-healthy-life

style/body-mass-index-bmi2017 (accessed 30

August 2017).

14. Frezenius. BCM - body composition monitor.

Available at: [www document] http://www.bcm-

fresenius.com/2017 (accessed 30 August 2017).

15. Kyle UG, Bosaeus I, De Lorenzo AD, Deurenberg P,

Elia M, Gomez JM, Heitmann BL, Kent-Smith L,

Melchior JC, Pirlich M. Bioelectrical impedance

analysis–part I: review of principles and methods.

Clin Nutr 2004; 23: 1226–43.
16. Kyle UG, Genton L, Karsegard L, Slosman DO,

Pichard C. Single prediction equation for

bioelectrical impedance analysis in adults aged 20–
94 years. Nutrition 2001; 17: 248–53.

17. Horie LM, Barbosa-Silva MC, Torrinhas RS, de

Mello MT, Cecconello I, Waitzberg DL. New body

fat prediction equations for severely obese patients.

Clin Nutr 2008; 27: 350–6.
18. Minto CF, Schnider TW, Shafer SL.

Pharmacokinetics and pharmacodynamics of

remifentanil. II. Model application. Anesthesiology

1997; 86: 24–33.
19. Brice DD, Hetherington RR, Utting JE. A simple

study of awareness and dreaming during

anaesthesia. Br J Anaesth 1970; 42: 535–42.
20. Pandit JJ, Cook TM, Jonker WR, O’Sullivan E. A

national survey of anaesthetists (NAP5 Baseline) to

estimate an annual incidence of accidental

awareness during general anaesthesia in the UK.

Anaesthesia 2013; 68: 343–53.
21. Sebel PS, Bowdle TA, Ghoneim MM, Rampil IJ,

Padilla RE, Gan TJ, Domino KB. The incidence of

awareness during anesthesia: a multicenter United

States study. Anesth Analg 2004; 99: 833–9, table
of contents.

Acta Anaesthesiologica Scandinavica (2017)

ª 2017 The Acta Anaesthesiologica Scandinavica Foundation. Published by John Wiley & Sons Ltd 9

PROPOFOL INDUCTION DOSE IN OBESE PATIENTS

http://www.who.int/mediacentre/factsheets/fs311/en/2017
http://www.who.int/mediacentre/factsheets/fs311/en/2017
http://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi2017
http://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi2017
http://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi2017
http://www.bcm-fresenius.com/2017
http://www.bcm-fresenius.com/2017


22. Szostakiewicz KM, Tomaszewski D, Rybicki Z,

Rychlik A. Intraoperative awareness during general

anaesthesia: results of the observational survey.

Anaesthesiol Intensive Ther 2014; 46: 23–8.
23. Campos SMJ, Antunes L, Branco PS, Ferreira LM,

Pinho PG. Simultaneous quantification of propofol

and its non-conjugated metabolites in several

biological matrices using gas chromatography/ion

trap – mass spectrometry method. J Anal Bioanal

Tech 2014; 5: 195.

24. EMEA. Guideline on bioanalytical method

validation; 2011. Available at: [www document]

http://www.ema.europa.eu/ema/index.jsp?curl=pa

ges/includes/document/document_detail.jsp?web

ContentId=WC500109686%26mid=WC0b01ac

058009a3dc2017 (accessed 30 August 2017).

25. Charlson ME, Pompei P, Ales KL, MacKenzie CR.

A new method of classifying prognostic

comorbidity in longitudinal studies: development

and validation. J Chronic Dis 1987; 40: 373–83.
26. Janmahasatian S, Duffull SB, Ash S, Ward LC, Byrne

NM, Green B. Quantification of lean bodyweight.

Clin Pharmacokinet 2005; 44: 1051–65.
27. Kazama T, Ikeda K, Morita K, Kikura M, Ikeda T,

Kurita T, Sato S. Investigation of effective

anesthesia induction doses using a wide range of

infusion rates with undiluted and diluted propofol.

Anesthesiology 2000; 92: 1017–28.
28. Doufas AG, Bakhshandeh M, Bjorksten AR, Shafer

SL, Sessler DI. Induction speed is not a

determinant of propofol pharmacodynamics.

Anesthesiology 2004; 101: 1112–21.
29. Struys M, Versichelen L, Thas O, Herregods L,

Rolly G. Comparison of computer-controlled

administration of propofol with two manually

controlled infusion techniques. Anaesthesia 1997;

52: 41–50.
30. Milne SE, Kenny GNC, Schraag S. Propofol sparing

effect of remifentanil using closed-loop

anaesthesia†. Br J Anaesth 2003; 90: 623–9.
31. Iannuzzi M, Iannuzzi E, Rossi F, Berrino L,

Chiefari M. Relationship between Bispectral

Index, electroencephalographic state entropy

and effect-site EC50 for propofol at different

clinical endpoints. Br J Anaesth 2005; 94:

492–5.
32. Albertin A, Poli D, La Colla L, Gonfalini M, Turi S,

Pasculli N, La Colla G, Bergonzi PC, Dedola E,

Fermo I. Predictive performance of ‘Servin’s

formula’ during BIS-guided propofol-remifentanil

target-controlled infusion in morbidly obese

patients. Br J Anaesth 2007; 98: 66–75.
33. Vuyk J, Mertens MJ, Olofsen E, Burm AG, Bovill

JG. Propofol anesthesia and rational opioid

selection: determination of optimal EC50-EC95

propofol-opioid concentrations that assure adequate

anesthesia and a rapid return of consciousness.

Anesthesiology 1997; 87: 1549–62.
34. Lemmens HJ, Ingrande J. Pharmacology and

obesity. Int Anesthesiol Clin 2013; 51: 52–66.
35. De Baerdemaeker L, Margarson M. Best anaesthetic

drug strategy for morbidly obese patients. Curr

Opin Anaesthesiol 2016; 29: 119–28.
36. Collis T, Devereux RB, Roman MJ, de Simone G,

Yeh J-L, Howard BV, Fabsitz RR, Welty TK.

Relations of stroke volume and cardiac output to

body composition. Strong Heart Study 2001; 103:

820–5.

Acta Anaesthesiologica Scandinavica (2017)

10 ª 2017 The Acta Anaesthesiologica Scandinavica Foundation. Published by John Wiley & Sons Ltd

A. M. ARA�UJO ET AL.

http://www.ema.europa.eu/ema/index.jsp?curl=pages/includes/document/document_detail.jsp?webContentId=WC500109686&mid=WC0b01ac058009a3dc2017
http://www.ema.europa.eu/ema/index.jsp?curl=pages/includes/document/document_detail.jsp?webContentId=WC500109686&mid=WC0b01ac058009a3dc2017
http://www.ema.europa.eu/ema/index.jsp?curl=pages/includes/document/document_detail.jsp?webContentId=WC500109686&mid=WC0b01ac058009a3dc2017
http://www.ema.europa.eu/ema/index.jsp?curl=pages/includes/document/document_detail.jsp?webContentId=WC500109686&mid=WC0b01ac058009a3dc2017

