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This study aimed to investigate the dose—response relationship of rocuronium
administered based on skeletal muscle weight and to assess the feasibility
of calculating rocuronium dosage by skeletal muscle weight in short
surgeries for patients with obesity. This single-center, randomized controlled
clinical trial included 71 patients with obesity aged 28—-70years, with body
fat percentages (PBF) >20% in men and>28% in women, ASA status I-lll,
scheduled for tracheoscopy. Patients were randomly allocated into two
groups: skeletal muscle group (SM group) received rocuronium based on the
skeletal muscle content (1.0mg/kg, n=31), and the conventional administration
group (conventional group) received rocuronium based on total body weight
(0.45mg/kg, n=30). General anesthesia was administered using the same
protocol. Parameters recorded included patients’ general condition, muscle
relaxant usage, onset time of muscle relaxants, non-response time, clinical
effect time, 75% recovery time, and recovery index. Additionally, occurrences
of body movement, choking, and incomplete muscle relaxation during surgery
were recorded. Compared to the conventional group, the SM group required
significantly less rocuronium dosage, resulting in significantly lower non-
response time, clinical effect time, 75% recovery time, and recovery index
(p<0.05), and the onset time is slightly longer. Neither group experienced
body movement, choking, or incomplete muscle relaxation (p>0.05). Utilizing
skeletal muscle weight to calculate rocuronium dosage in short surgeries for
patients with obesity can reduce dosage, shorten recovery time, and prevent
residual muscle relaxation while achieving satisfactory muscle relaxation to
meet surgical requirements.

KEYWORDS

general anesthesia, obesity, body composition analysis, rocuronium, muscle relaxation
monitoring

Introduction

Patients with obesity often exhibit an increased proportion of body fat and reduced blood
flow through adipose tissue (1). When dosing anesthetic drugs based on actual body weight,
the apparent volume of drug distribution and metabolic rate can be significantly impacted,
affecting the quality and duration of awakening resulting in accumulation and prolonged

01 frontiersin.org


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fmed.2024.1399475&domain=pdf&date_stamp=2024-05-30
https://www.frontiersin.org/articles/10.3389/fmed.2024.1399475/full
https://www.frontiersin.org/articles/10.3389/fmed.2024.1399475/full
https://www.frontiersin.org/articles/10.3389/fmed.2024.1399475/full
https://www.frontiersin.org/articles/10.3389/fmed.2024.1399475/full
mailto:tim2002627@163.com
https://doi.org/10.3389/fmed.2024.1399475
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://doi.org/10.3389/fmed.2024.1399475

Hu et al.

duration in clinical anesthesia for patients with obesity (2-4).
Suggestions have been made to administer drugs to patients with
obesity based on their defatted body weight to adjust anesthetic dosage
(5). However, previous studies diagnosing obesity using body mass
index (BMI) may overlook occult obesity, where body weight appears
regular but excessive fat is present in body composition analysis, thus
not adequately addressing drug metabolism considerations.

Direct segmental multi-frequency Bio-impedance analysis (BIA)
is utilized in body composition analyzers to accurately assess the
content and proportion of body components such as muscle, fat, and
water, reflecting the nutritional status, obesity, swelling, and other
physical health conditions of the human body (6). The body
composition analyzer calculates the defatted weight of the subject
based on parameters including age, gender, height, and weight. The
standard percentage of body fat (PBF) is 15% for men and 23% for
women, with 10-20% for men and 18-28% for women considered
normal ranges. A percentage of body fat (PBF) >20% for men
and>28% for women is indicative of obesity (7, 8). Hence, in our
study, obesity is based on body fat ratio, which better represents the
actual body condition than solely relying on height and weight.

Simultaneously, rocuronium is a fast-acting, medium-latency
non-depolarizing neuromuscular blocking agent that exerts its effect
by competitively binding to N-type acetylcholine receptors at the
motor end plate. Skeletal muscle content and the number of
neuromuscular junctions may influence its clinical effect, leading us
to speculate on the feasibility of using skeletal muscle weight to
calculate rocuronium dosage (9).

In this study, we utilized a body composition analyzer to
determine the skeletal muscle content of all patients with obesity,
including those with occult obesity characterized by normal BMI but
excessive body fat content. This served as a reference for dosing,
allowing us to observe the dose-response relationship of rocuronium
administered based on skeletal muscle weight and investigate the
feasibility of calculating skeletal muscle relaxants by skeletal muscle
weight in patients with obesity undergoing short surgeries.

Methods

This study, involving human subjects, was approved by The Ethics
Committee of Henan Provincial People’s Hospital [2021(160)], and all
patients provided signed informed consent forms.

Seventy-one patients proposed for tracheoscopy since May
2023 in Henan Provincial People’s Hospital were divided into two
groups by random number table method, the skeletal muscle content
administration group (SM group) and the conventional administration
group (conventional group). (N1=N2=2[(ta/2 +1tp/2)S/5]2, taking
a=0.05 and f=0.1, and using rocuronium dosage as a reference to
calculate the sample size, each group needs about 28 cases).

Inclusion criteria: age 28-70years, percentage body fat (PBF)
>20% for men and>28% for women, ASA class I-III. Exclusion
criteria: abnormal liver and kidney function or disorders of water-
electrolyte and acid-base balance; previous history of tuberculosis,
neuromuscular disease, history of chemotherapy for oncological
diseases; drugs affecting the conduction function of neuromuscular
junction within the last month; expected operation time < 1 h; metal
implants in the body.

After the patient was admitted to the room, monitoring the blood
pressure, heart rate, pulse oximetry, and electrocardiogram. The
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intravenous induction of general anesthesia consisted on midazolam
0.03 mg/kg, sufentanil 0.2 pg/kg, and propofol 2-4 mg/kg. After the
patient falls asleep, we performed muscle relaxation monitoring of the
thumb adductor using a TOF-Watch SX muscle relaxation monitor
(Organon Teknika, Netherlands). The stimulation electrodes were
attached to the forearm at the location of the ulnar nerve at the wrist,
with the distal electrode being placed on the radial side of the proximal
flexor line through the ulnar carpal flexor and the proximal electrode
2 to 3cm from the distal electrode. The maximum plane of the
acceleration transducer was attached to the palmar root of the thumb,
and the temperature sensor to the medial palmar interphalangeal area.
The forearm was fixed and wrapped with gauze for insulation.

The method employed Train of Four stimulation (TOF) with
specified parameters: a stimulation intensity of 50 mA, frequency of
2 Hz, pulse width of 0.2 ms, pulse spacing of 500 ms, and a stimulation
interval of 12s. The initial twitch response to the TOF was
standardized to a stable 100% as the basal value (Tc). Following 3 min
of continuous stimulation, rocuronium was administered
intravenously. The conventional group received a dose of 0.45 mg/kg
(1.5 times the ED95), while the SM group received 1.0 mg/kg based
on skeletal muscle weight. For standard weight patients, approximately
45% of their total body weight was attributed to skeletal muscle,
resulting in a calculated ED95 of 0.66 mg/kg administered based on
skeletal muscle weight. Upon achieving a TOF ratio of 0, a laryngeal
mask was placed, and mechanical ventilation initiated with specific
parameters: tidal volume (VT) set at 6-8 mL/kg, ventilation frequency
at 12-18 times/min, inspiratory-to-expiratory ratio (I:E) at 1:1-1:2,
inhaled oxygen concentration maintained between 50 and 100%, with
an inhaled oxygen flow rate of 2 L/min, and a target end-tidal CO2
(PETCO2) range of 30-45mmHg (I mmHg=0.133kPa). Anesthesia
maintenance was achieved through intravenous infusion of propofol

-1 and remifentanil at a rate of

at a rate of 4~8mgkg -min
0.2 ~0.5pg-kg™-min~". Intraoperative blood pressure and heart rate
were monitored to ensure fluctuations did not exceed 20% of basal
Additional

intraoperatively, and postoperative inotropic antagonism was avoided.

levels. inotropic drugs were not administered

Primary observation indexes: (1) myorelaxant dosage; (2)
neuromuscular function monitoring: onset of action, the duration from
the termination of drug administration to the point at which TOF
stimulation elicits no response (TOF=0); non-response time, the
interval from the disappearance of the first twitch response of TOF (T1)
to its reappearance; Clinical action time, the period from the conclusion
of drug injection to the restoration of T1 to 25% of its baseline value;
75% recovery time, the duration between drug injection cessation and
the reestablishment of T1 to 75% of its initial value; recovery index, the
timeframe from T1’s recovery to 25% of the baseline value to its
recuperation to 75% of the baseline value. These parameters collectively
provide valuable insights into the neuromuscular effects and recovery
kinetics following neuromuscular blockade.

Secondary observation indexes: (1) patients’ basic conditions:
skeletal muscle mass, age, gender, BMI, body fat ratio, ASA
classification, blood potassium and sodium concentration, total
plasma protein, and plasma albumin levels, and operation time; (2)
occurrence of body movement, choking, and incomplete muscle
relaxation during the operation.

Statistical analysis was conducted using SPSS 20.0 software (SPSS
Inc., Chicago, IL, United States). Normally distributed measures were
presented as mean + standard deviation (x+s). Repeated measures
design data were analyzed using ANOVA with repeated measures,
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while comparison between groups was performed using the two
independent samples t-test. The comparison of count data was
conducted using the X’-test. A p-value of less than 0.05 was
considered indicative of statistical significance.

Results

Out of 71 screened patients, 6 declined to participate in the study,
2 had their surgery temporarily canceled, 1 underwent a change in
surgical method requiring additional muscle relaxation drugs, and 1
experienced muscle relaxation monitoring failure. Ultimately, 30 cases
were included in the Conventional group and 31 cases in the SM
group for statistical analysis (Figure 1).

There were no statistically significant differences observed in the
general condition, body composition, blood biochemistry, plasma
protein levels, or surgery time between the two groups of patients
(p>0.05) (Table 1).

Compared to the Conventional group, the SM group utilized
significantly lower rocuronium dosages, with significantly reduced
non-response time, clinical effect time, 75% recovery time, and recovery
index (p <0.05), and the onset time is slightly longer. Additionally, there
were no instances of body movement, choking, or incomplete muscle
relaxation observed in either group (p>0.05) (Table 2).

Discussion

Obesity induces various pathophysiological changes in the
body, affecting the pharmacokinetic properties of numerous drugs

10.3389/fmed.2024.1399475

due to associated physiological alterations. Recent studies have
highlighted differences in the metabolism of intravenous and
inhaled general anesthetics, as well as inotropic drugs, between
obese and normal-weight patients (10). Many investigations have
adjusted drug dosages for patients with obesity based on ideal or
lean body weight. Notably, lean body weight (LBW) has been
strongly associated with increased cardiac output compared to total
body weight (TBW) and ideal body weight (IBW) in patients with
obesity. Furthermore, clearance of most drugs increases linearly
with LBW but not with TBW (5, 11-13). TBW-based calculations
may lead to prolonged duration of action for muscle relaxants,
necessitating dosing adjustments based on LBW rather than
TBW. While succinylcholine induction doses should be calculated
conventionally to ensure adequate muscle relaxation during
intubation, non-depolarizing muscle relaxants such as vecuronium
bromide, rocuronium, atracurium, and cis-atracurium should
be dosed according to IBW to avoid fat accumulation and
insufficient muscle relaxation (14, 15).

However, existing weight acquisition methods overlook
differences in body composition, including variations in body fat and
skeletal muscle content among individuals of similar body weight (6).
The pharmacokinetics of occult patients with obesity, characterized by
high body fat and low skeletal muscle content despite a normal BMI,
have not received adequate attention. Administering drugs at actual
body weight may risk overdose and accumulation in this population.
In our study, all patients with obesity with excess body fat content
underwent body composition analysis, and rocuronium, a skeletal
muscle relaxant, was dosed based on skeletal muscle weight, ensuring
adequate muscle relaxation for surgery while reducing recovery time
and minimizing residual muscle relaxation.

Eligible patients (n=71)

—

—

Randomised (n=63)

Declined consent (n=6)

Cancel the surgery (n=2)

l

Change of procedure(n=1) «—

FIGURE 1

TBW group (n=31) SM group (n=32)

analysed (n=30) analysed (n=31)

CONSORT diagram. CONSORT, consolidated standards of reporting trials.

|

Muscle relaxation monitoring
—>

failed (n=1)
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TABLE 1 Comparison of general condition and surgery time between two
groups of patients (x + s).

Group Conventional SM group P-
group (h=30) (n=31) value

Gender (M/F) 20/10 18/12 0.599
Age (years) 55.73+13.11 57.83+11.65 0.514
Duration of surgery (min) 35.77+8.73 33.68+11.24 0.426
Weight (kg) 69.55+11.99 72.11+12.12 0.421
BMI (kg/cm?) 28.57+3.51 27.19+£2.93 0.891
Skeletal muscle mass (kg) 26.67+4.92 25.71+6.28 0.518
Body fat percentage (%) 34.94+6.02 35.35+6.41 0.393
Water content (L) 35.68+5.94 34.39+7.61 0.475
Inorganic salt 3.30+£0.50 3.24+0.68 0.690
Protein (kg) 9.18£1.65 9.52+2.06 0.492
Blood potassium (mmol/L) 3.96+0.42 3.98+0.31 0.875
BLOOD sodium (mmol/L) 140.14 +2.06 135.43+2.49 0.779
Plasma albumin (g/L) 37.26+4.87 35.87+7.04 0.391
Total plasma protein (g/L) 62.87+7.47 64.89+4.87 0.232

TABLE 2 Comparison of the pharmacodynamic and other indices of
rocuronium between the two groups (x + s).

Conventional

SM group P-

group (n = 30) (n=31) value
Induction dose (mg) 31.37+5.43 25.77+6.23 <0.001
Onset time (s) 154.97 £24.19 174.40£20.39 0.002
Non-response time (min) 21.23+4.25 18.43+4.48 0.018
75% recovery time (min) 31.43+4.60 27.07+5.28 0.001
Recovery index (min) 13.8+2.18 9.43+3.35 <0.001
Body movement 0 0 /
Choking 0 0 /

The primary characteristics such as sex ratio, age, weight, and BMI
were similar between the SM and conventional groups. Likewise, body
composition analysis results including body fat content, skeletal
muscle mass, body water, inorganic salt, and protein content, were
comparable. No differences were observed in plasma protein, blood
potassium, and blood sodium levels, which could affect muscarinic
drug metabolism and neuromuscular contractile function, ensuring
comparability between the two groups.

Our findings revealed significantly lower rocuronium dosage in
the SM group compared to the conventional group, accompanied by
lower time to no response, recovery time, and recovery index in the
SM group, its onset time was slightly higher, and no signs of
insufficient muscle relaxation occurred in either group. Reduced
muscle relaxant dosage and recovery time can mitigate postoperative
neuromuscular residual effects and associated respiratory
complications (16), particularly beneficial for short, minimally
invasive outpatient procedures such as tracheoscopic consultation.
Previous studies utilizing lean body weight for muscle relaxant dosing
in patients with obesity under anesthesia have also reported reduced
dosage and shorter recovery time, consistent with our findings (14, 17,

18). However, these studies primarily focused on patients with obesity
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with elevated BMI and did not consider those with occult obesity
characterized by excess body fat content alone. Since non-depolarizing
muscle relaxants like rocuronium competitively block acetylcholine’s
depolarizing effect at neuromuscular junctions, skeletal muscle
content and neuromuscular junction quantity may significantly
influence their clinical efficacy, warranting consideration when
determining dosage.

This study has certain limitations. Firstly, in the SM group, the
dose administered based on skeletal muscle mass was estimated using
data on body composition and pharmacokinetics in normal
populations, rather than directly determined from measured actual
ED95 blood concentrations. This method of estimation assumes that
neuromuscular blocking agents distribute solely within skeletal muscle
tissue and not within adipose tissue. However, there may indeed
be some distribution within adipose tissue in reality, potentially
introducing bias into the calculated ED95. Second, we only assessed
clinical effect indicators of muscle relaxants in both groups and
refrained from evaluating pharmacokinetic indicators to avoid
additional invasive procedures.

Conclusion

In summary, administering neuromuscular-blocking agents based
on skeletal muscle weight in minimally invasive surgeries for patients
with covertly obesity may reduce the required dosage, shorten patient
recovery times, and mitigate residual neuromuscular blockade effects.
This approach ensures satisfactory muscle relaxation while meeting
surgical demands. Human body composition analysis offers a simple,
non-invasive, safe, and reliable method to measure fat and skeletal
muscle weight. By calculating the requirement for skeletal muscle
relaxants based on skeletal muscle weight, a certain level of
individualized medication can be achieved, warranting promotion to
all patients requiring muscle relaxants.
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