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Introduction

A morbidly obese person is one with a body mass index 
(BMI) of 35 kg/m2 or more. China was found by the global 
population weight survey to have one of the most morbidly 
obese populations in the world (1). At present, a single 
dose of propofol is used clinically to induce anesthesia. 
However, the change in pharmacokinetics of propofol in 
morbidly obese patients means the clinical medication 
mode is significantly different to that of patients of a 
normal weight (2). Dong et al. (3) determined the PK 

and pharmacodynamics (PD) of propofol for anesthesia 
induction in morbidly obese (MO) subjects (BMI >35 kg/m2)  
at two dosing regimens [i.e., dosing based on TBW (total 
body weight) and LBW (lean body weight), respectively]. 
Their study showed that EC50 in Pharmacodynamics 
parameters of morbidly obese patients was significantly 
reduced compared with patients of normal weight, 
suggesting that increased brain sensitivity to propofol in 
morbidly obese patients. According to the conventional 
instructions, the calculation of propofol induction dosage 
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based on TBW can lead to overdose in morbidly obese 
patients. By using the time to loss of consciousness (syringe 
drop as the marker) as the pharmacodynamic endpoint, 
Ingrande et al. (4) proposed that LBW was the best scalar 
for anesthesia induction with propofol in MO subjects. 
However, it has also been suggested that the calculation 
of induced dosage based on LBW is often insufficient. 
The optimal standard of the induced dose of propofol for 
general anesthesia in morbidly obese patients is yet to be 
determined. This study therefore aimed to explore the 
appropriate dose of propofol for anesthesia induction in 
patients with morbid obesity through a sequential method 
with the goal of providing a reference for clinical anesthesia 
medication for those patients.

We present the following article in accordance with the 
CONSORT reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-1223).

Methods

Clinical data

All procedures performed in this study involving human 
participants were in accordance with the Declaration of 
Helsinki (as revised in 2013). This study received approval 
from the ethics committee of Xinjiang Uygur Autonomous 
Region People’s Hospital (No.: 17-257-KY), and informed 
consent was signed by the patients and their families. 
Included in the study were a total of 40 patients with 
morbid obesity who underwent elective surgery in Xinjiang 
Uygur Autonomous Region People’s Hospital in the period 
between March 2017 and May 2018 and were randomly 
divided into group B and group M using the number table 
method, with 20 patients in each group. Among the patients 
were 16 males and 24 females, aged between 30 and 55 years 
old, with weights ranging from 35–42 kg/m2. None of the 
patients had experienced serious cardiopulmonary disease, 
endocrine, liver, or kidney dysfunction, or electrolyte 
abnormalities before surgery. Patients with preoperative 
mental abnormalities, long-term use of analgesic and 
sedative drugs, drug abuse, opioid addiction, long-term 
drinking history, general anesthesia contraindication, and 
expected airway difficulties were excluded.

Research process and anesthetic method

Research process
In anesthesia induction, the conditions of sufficient 

anesthetic depth and the stability of the cardiovascular 
system must be taken into account. In this study, the dose 
of propofol at a sufficient anesthetic depth in group B was 
determined through the modified Dixon sequential method, 
and group M served in determining the dose of propofol 
to ensure the stability of the cardiovascular system, with 
the ultimate aim of identifying the optimal anesthetic 
induction dose in patients with morbid obesity. The criteria 
for the two sequential methods were as follows: in group B, 
bispectral index (BIS) value <50 was considered as a positive 
reaction (5-7), while in group M, a mean arterial pressure 
(MAP) fluctuation range of anesthesia >40% was considered 
a positive reaction (8,9). The study steps were as follows: 
group B had an initial dose set to 2.5 mg/kg (according to 
reference and preliminary experiment), and the difference 
between adjacent doses was 1.25 times.

Following a positive reaction, the propofol dose of the 
next patient would be reduced by 1 grade of a propofol 
dose. Conversely, following a negative reaction, the next 
patient would receive a higher dose. The initial dose in 
group M was set at 3.0 mg/kg (as determined by reference 
and pre-experiment). The study process was repeated in 
group B. Finally, the suitable dose interval of propofol was 
obtained by a comprehensive analysis of the results of the 
two sequential methods.

Anesthetic method
Preoperative medication was not administered to any of the 
patients. SpO2, electrocardiogram (ECG), invasive blood 
pressure (BP), and BIS values were routinely monitored 
after admission, and peripheral veins were opened. 
Three minutes prior to anesthetic induction, 5 mL/kg 
of prefilled balance solution was used, and pure oxygen 
was administered by mask for 3 min. At the beginning of 
anesthetic induction, sufentanil citrate (the concentration of 
effector chamber was set at 0.5 µg/mL) was injected into all 
patients by target-controlled infusion (TCI) pump (Beijing 
SLGO Medical Technology Co., Ltd., Minto parameter). 
Once the concentration of sufentanil citrate reached a stable 
level and BIS value remained stable, a single intravenous 
injection of propofol (produced by Fresenius Kabi Austria 
GmbH, and separately installed by Beijing Fresenius Kabi 
Pharmaceutical Co., Ltd.; batch number: 16LC6961) was 
performed. Propofol dosage was calculated based on LBW 
[LBW male = 9720 × TBW/(6680 + 216 × BMI), LBW 
female = 9720 × TBW/(8780 + 244 × BMI)], and the dose 
of propofol was calculated based on the above-mentioned 
sequential method. Following the propofol injection,  
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0.2 mg/kg of cis-atracurium was administered (Jiangsu 
Hengrui Pharmaceutical Co., Ltd.; batch number: 
17050822) (based on the total weight). After patients 
had lost consciousness, they were manually assisted with 
the following ventilation: pure oxygen flow 2 L/min and 
respiratory frequency 20–25 times/min. In our experience, 
after loss of consciousness, the patients’ condition of muscle 
relaxation was good, and BIS was stable. Endotracheal 
intubation was consistently performed by the same 
experienced anesthesiologist under visual laryngoscopy. The 
inner diameter of the endotracheal intubations for male and 
female patients was 7.5 and 7.0 mm, respectively. After the 
position of the trachea catheter had been determined, the 
Drager anesthesia machine was connected for mechanical 
ventilation with a breathing frequency of 10–12 times/min, 
a ratio of aspiration to aspiration of 1:2–2.5, a tidal volume 
of 6–8 mL/kg, and with the respiratory parameters being 
set to maintain the carbon dioxide at the end of respiration 
between 35–45 mmHg (1 mmHg =0.133 kPa).

Management of special cases
In cases where the anesthetic depth of the patient did not 
meet the requirements of intubation, an appropriate amount 
of propofol was added after the data had been recorded 
to ensure the anesthetic depth met the requirements 
of intubation. Patients with severe hypotension during 
induction were administered 6 mg of ephedrine to raise BP 
after the data had been recorded.

The study was entirely double-blinded, with the study 
planner responsible for management of anesthesia, propofol 
dose regulation, and statistical treatment of all enrolled 
patients. Another doctor with an unknown propofol dose 
judged the negative or positive reactions informed by the 
same criteria.

Observation index

The heights, weights, ages, gender, and other general 

information of the patients were recorded. BIS, invasive 
MAP, and heart rate (HR) at the time of admission were 
recorded after the concentration of sufentanil reached a 
stable state of 0.5 ng/mL target effect-site concentration 
(Cet) by TCI, after the single intravenous injection of 
propofol, immediately after intubation, and 1 min after 
intubation.

Statistical analysis

The measurement data was processed with SPSS 20.0 
statistical software, and the measurement data was 
represented by mean ± standard deviation ( x s± ) .  
Comparisons between the counting data groups were 
conducted by chi-square test. Significance test level 
alpha =0.05 was defined, and statistical significance was 
considered to exist when P<0.05. Probit regression was used 
to calculate the EC50 and 95% confidence interval (CI) of 
propofol when the reaction was positive.

Results

General condition of patients in the two groups

There was no statistically significant difference in the 
general condition between the two groups (P>0.05) (Table 1).

Comparison of the signs of patients when entering the 
room and the signs when sufentanil was infused

There was no significant difference in vital signs among 
the 40 patients between basal vital signs and when the 
concentration of sufentanil reached the set dosage (P>0.05) 
(Table 2).

Two sequential method

The sequential method was adopted in group B, and probit 

Table 1 Comparison of the general conditions of the patients

Variable Group B (n=20) Group M (n=20)

Gender (male/female) 10/10 7/13

Age (year) 42.15±8.78 45.55±7.28

BMI (kg/m2) 38.29±2.15 37.14±2.35

Lean body mass (kg) 54.92±7.44 58.88±9.39

BMI, body mass index.
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regression analysis determined the probit model to be 
Y=−5.411+2.343X (X was converted by logarithm with 
base 10). The EC50 of positive reaction of BIS <50 was  
2.310 mg/kg, and the 95% CI was 1.850–2.883 mg/kg 
(Figure 1). 

Probit model Y=3.275−0.918X was obtained by 
sequential method and probit regression analysis in group 
M (X was converted by logarithm with base 10). The 
positive EC50 greater than the whole process of anesthetic 
induction was 3.567 mg/kg, and the 95% CI was 1.233–
7.165 mg/kg (Figure 2).

Discussion

There is a significant increase in cardiac output and 

absolute circulation in patients with who are morbidly 
obese (4,10,11), and this affects the early pharmacokinetic 
parameters of propofol, including apparent volume of 
distribution. Therefore, morbidly obese patients may be 
susceptible to drug overdose due to the TBW. Dong et al.  
(3,12) pointed out that the central ventricular distribution 
volume (V1) of propofol in morbidly obese patients was 
comparable to that in patients of a normal weight; however, 
the peripheral ventricular distribution volume (V2) was 
156–180% higher than that of patients of a normal weight, 
reaching 73.2–84.2 L. van Kralingen et al. (13,14) observed 
changes in BIS and hemodynamic parameters associated 
with total weight and lean body weight, respectively, for 
anesthesia induction in patients with morbid obesity, and 
found that cardiovascular stability was improved when 

Table 2 Comparison between the vital signs of the 40 patients after entering the operating room and when the concentration of sufentanil 
reached the set dosage (x s± )

Vital signs MAP (mmHg)  HR (bmp)

Entering the operating room (n=40) 100.45±10.51 84.60±12.37

After the infusion of sufentanil (n=40) 93.58±8.58 78.98±12.59

MAP, mean arterial pressure; HR, heart rate.
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propofol induction dosage was calculated based on lean 
body weight. Therefore, at present, lean body weight is 
considered to be a safer and more effective method on 
which to base calculations of the propofol induction dose 
in clinical practice (15,16). In this study, lean body weight 
was also used as the standard for the dosage of propofol in 
morbidly obese patients.

In this study, the conditions of endotracheal intubation 
were achieved by through a combination of sufentanil with 
propofol for induction. For the purposes of improving 
comparability between the two groups and eliminating the 
interference of sufentanil in anesthesia induction (17,18), 
all patients involved in the study were administered TCI of 
sufentanil citrate at a concentration of 0.5 µg/mL. When 
the blood concentration of sufentanil reached a stable level, 
the difference between the blood pressure and heart rate 
of the patients was insignificant compared with when they 
entered the room, and so the blood pressure and heart rate 
of the patients could be used as the base value.

In this study, propofol EC50 with BIS <50 was found 
to be 2.310 mg/kg in morbidly obese patients during 
anesthesia induction. It has been demonstrated in previous 
studies (4,6,19,20) that the amount of propofol needed to 
induce anesthesia is underestimated due to lean body weight 
(according to conventional instructions), which often 
leads to insufficient anesthetic depth and increased risk. 
Subramani et al. (5) calculated the propofol-induced dose 
with a LBW of 2.6 mg/kg, which could make the Observer’s 
Assessment of Alertness/Sedation Scale (OAA/S) of patients 
with morbid obesity reach the median (quarter wise range) 
1 (0–3). This also demonstrated that when morbidly 
obese patients meet the anesthetic depth, the dosage of 
propofol exceeds the dose range suggested by conventional 
instructions.

The results of Wu et al. (21) showed enhanced efficacy 
or sensitivity of propofol in morbidly obese patients, and 
that the effect of propofol on cardiovascular depression 
in patients with morbid obesity was more significant than 
on patients of a normal weight. The BP fluctuation in 
patients with morbid obesity during anesthetic induction 
with propofol was more obvious and common than in 
normal weight patients. Therefore, a dose of propofol up to  
3.567 mg/kg has been found to reduce the MAP of most 
patients by >40%. 

Rüsch’s (22) results showed that BIS monitoring during 
the induction of general anesthesia did not act to reduce the 
incidence and degree of arterial hypotension, and there was 
no linear correlation between BIS and the decrease of MAP. 

With this in mind, current studies do not support the use 
of BIS as an estimator or guide for doses of anesthetic (23).  
However, when the EEG dual-frequency index reaches 
below 50, the occurrence of adverse cardiovascular reactions 
during anesthesia induction can be greatly reduced (5-7). 
Even brief hypotension during anesthesia is associated with 
tissue hypoperfusion and subsequent complications that 
can increase postoperative morbidity and mortality (24-26). 
Hypotension during anesthesia induction is considered to be 
an independent predictor of adverse clinical outcomes (26).  
Therefore, the dosage of propofol during anesthesia 
induction should meet BIS <50 while avoiding the decrease 
of MAP by >by 40%.

After considering the relevant evidence, we conclude that 
the appropriate anesthetic induction dose of propofol should 
be 2.310–3.567 mg/kg in patients with morbid obesity. 
The dose range in this study is greater than the dose range 
of patients of normal body size listed in the instructions 
for propofol. In 2015, The Irish Medical Association also 
pointed out in its perioperative management guidelines 
that LBW should be used as the standard for drug dose 
estimation in morbidly obese patients, but pointed out that, 
to ensure the avoidance of an insufficient induced dose, a 
certain proportion of the LBW should be increased. Studies 
by Janmahasatian and Friesen et al. (27,28) have found that 
an adjustment between lean weight and total weight after 
an increase of 1.233 (male) or 1.526 (female) on the basis of 
lean weight can better balance the problem of insufficient 
anesthesia and cardiovascular stability during induction. 
Consequently, the results obtained through this study 
support anesthetic induction of morbidly obese patients 
based on thin body weight, but the measurement range was 
greater than in ordinary patients.

Nevertheless, this study had some limitations. Due to the 
large individual differences in propofol, the sample size was 
small, and subsequent studies with a larger sample size are 
needed to improve the accuracy of the research results.

In summary, when anesthesia is induced by intravenous 
combined anesthesia, the appropriate dose of propofol for 
patients with morbid obesity is 2.310–3.567 mg/kg based on 
their LBW. This dose can satisfy the intubation depth and 
ensure that the patient’s hemodynamics are stable.
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