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Abstract 

Background: Fascial plane block (FPB) has gained increasing clinical attention for its favorable safety and operational simplicity, 

yet its pharmacokinetic profiles and the associated risk of local anesthetic systemic toxicity (LAST) remain inadequately 

elucidated in clinical practice. Methods: A sample size calculation was performed based on the single-sample proportion formula, 

with a preset expected non-occurrence rate of LAST of 90%, a margin of error of 10%, and a 95% confidence level, determining 

a minimum sample size of 14 patients. A retrospective analysis was conducted on 14 patients with hip fracture undergoing total 

hip arthroplasty (THA) who received ultrasound-guided fascia iliaca compartment block (FICB) with 30 mL of 0.33% 

ropivacaine (100 mg) from July to September 2024. Plasma ropivacaine concentrations were measured at serial time points via 

high-performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS, Agilent 1290-6470, USA), and block-

related adverse events were closely monitored. Results: No cases of LAST were observed in all patients. The mean peak plasma 

concentration (Cmax) of ropivacaine was 0.88±1.13 μg/mL, with a median time to peak concentration (Tmax) of 15 (interquartile 

range, 6–40) minutes; individual Cmax values ranged from 0.22 to 4.63 μg/mL. Statistical analysis revealed a significant negative 

correlation between Cmax and body mass index (BMI) (P<0.05), while Tmax showed no significant correlation with clinical 

characteristics including age and BMI (P>0.05). Conclusion: Ultrasound-guided FICB with 30 mL of 0.33% ropivacaine (100 

mg) demonstrates good clinical safety in patients undergoing THA. Marked individual variability exists in plasma ropivacaine 

concentrations, and Cmax is negatively correlated with patient BMI. 
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1. Introduction 

With the widespread popularization of ultrasound visuali-

zation technology, peripheral nerve block (PNB) techniques 

have advanced rapidly, and fascial plane block (FPB) has 

emerged as a novel and promising option for perioperative an-

algesia, targeting the intermuscular fascial layers [1]. In clini-

cal practice, FPB typically requires a large volume of local 

anesthetics to facilitate diffusion within fascial spaces and 

achieve optimal analgesic effects [2]. However, it remains un-

clear whether this approach elevates plasma local anesthetic 

concentrations and the incidence of LAST. Additionally, the 

plasma pharmacokinetic characteristics of FPB have not been 

fully clarified due to the anatomical complexity of fascial struc-

tures, and it is unknown whether its pharmacokinetic profile is 

consistent with that of traditional nerve blocks (e.g., brachial 

http://www.sciencepg.com/journal/ijacm
http://www.sciencepg.com/journal/257/archive/2571401
http://www.sciencepg.com/
https://orcid.org/0009-0009-2243-7354


International Journal of Anesthesia and Clinical Medicine http://www.sciencepg.com/journal/ijacm 

 

54 

plexus block, lumbar plexus block). 

Fascia iliaca compartment block (FICB), a commonly used 

FPB for analgesia in lower extremity surgeries [3, 4], currently 

lacks individualized dosing regimens. Based on previous re-

search on the pathogenesis of local anesthetic toxicity, we hy-

pothesized that the injection of a large volume of local anes-

thetics into the intermuscular fascial layer during FPB results 

in a large absorption area over a short period, potentially in-

creasing the risk of LAST compared with traditional nerve 

blocks [5, 6]. 

This retrospective study analyzed 14 patients with hip frac-

ture scheduled for THA who received ultrasound-guided 

FICB with 30 mL of 0.33% ropivacaine (100 mg) from July 

to September 2024. The primary objectives were to character-

ize the pharmacokinetic properties of ropivacaine after FICB, 

evaluate the relationship between its pharmacokinetic param-

eters and patient clinical characteristics, and provide evidence 

for rational clinical medication in clinical practice [7, 8]. 

2. Materials and Methods 

2.1. Study Population 

Fourteen patients with hip fracture scheduled for THA be-

tween July and September 2024 were screened from the hos-

pital electronic medical record system and enrolled in this ret-

rospective study. All patients underwent ultrasound-guided 

FICB with a single dose of 30 mL of 0.33% ropivacaine (100 

mg). 

2.2. Plasma Concentration Measurement 

Radial arterial blood samples were collected before block 

administration and at 1, 2, 4, 6, 8, 10, 20, 40, 60, 90, and 120 

minutes after block completion to determine plasma ropiva-

caine concentrations. Plasma ropivacaine detection was per-

formed by HPLC-MS/MS with a lower limit of quantification 

of 0.05 μg/mL, a linear detection range of 0.05–10 μg/mL, and 

the intra- and inter-assay precision coefficients of variation 

(CV) were both less than 10%, ensuring the accuracy and re-

liability of concentration determination. 

2.3. Adverse Reaction Monitoring 

Medical records (anesthesia records, operative records, 

nursing records) were reviewed to identify any manifestations 

of LAST, including visual disturbances, perioral numbness, 

tingling, paresthesia/paralysis, muscle twitching/rigidity, and 

impaired joint function [9, 10]. 

2.4. Pharmacokinetic and Statistical Analysis 

Pharmacokinetic parameters, including Tmax, Cmax, and 

area under the plasma concentration-time curve (AUC), were 

calculated using a non-compartmental model via Phoenix 

WinNonlin 8.3 software (Pharsight Corporation, Princeton, 

NJ, USA). 

Statistical analysis was performed using SPSS 25.0 soft-

ware (IBM Corporation, Armonk, NY, USA). Normality test-

ing was first conducted for continuous data: normally distrib-

uted data were expressed as mean±standard deviation (SD) 

and analyzed using t-test, paired t-test, or analysis of variance 

(ANOVA) as appropriate; non-normally distributed data were 

expressed as median (interquartile range, IQR) and analyzed 

using rank-sum test or paired rank-sum test. Categorical data 

were presented as n (%). Pearson correlation analysis was 

used for correlation assessment, and stepwise regression anal-

ysis was employed for regression model establishment. All 

statistical tests were two-tailed, and a P-value < 0.05 was con-

sidered statistically significant. 

3. Results 

3.1. General Clinical Characteristics 

All 14 enrolled patients achieved satisfactory analgesic ef-

ficacy (evaluated by postoperative Visual Analog Scale [VAS] 

pain scores), and no cases of LAST were observed during the 

study period. The cohort had a mean age of 56.2±14.3 years 

(9 males, 5 females), a mean body weight of 59.1±14.4 kg, 

and a mean BMI of 23.5±4.0 kg/m². Detailed demographic 

characteristics are summarized in Table 1. 

Table 1. Demographic Characteristics of the 14 Enrolled Patients. 

Patient Gender Age (years) Height (cm) Weight (kg) BMI (kg/m²) 

1 Male 69 165 75.0 27.55 

2 Male 46 173 92.5 30.91 

3 Male 26 170 50.0 17.30 

4 Male 49 155 67.0 27.89 

5 Male 66 175 60.0 19.59 

6 Male 59 165 45.0 16.53 
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Patient Gender Age (years) Height (cm) Weight (kg) BMI (kg/m²) 

7 Female 67 142 45.5 22.56 

8 Female 64 152 55.0 23.81 

9 Female 72 155 51.0 21.23 

10 Female 39 118 36.0 25.85 

11 Female 70 156 58.5 24.04 

12 Male 67 149 57.0 25.67 

13 Male 51 168 62.0 21.97 

14 Male 41 172 72.5 24.51 

Max — 72 175 92.5 30.91 

Min — 26 118 36.0 16.53 

Mean — 56 158 59.1 23.53 

SD — 14 15 13.9 3.90 

Note: BMI, body mass index; Max, maximum; Min, minimum; SD, standard deviation. 

3.2. Plasma Pharmacokinetic Characteristics of 

Ropivacaine 

For the entire cohort, the mean Cmax of ropivacaine was 

0.88±1.13 μg/mL (range: 0.22–4.63 μg/mL), and the median 

Tmax was 15 (6–40) minutes (Figure 1). 

During the 120-minute monitoring period, only Patient 3 

had plasma ropivacaine concentrations persistently exceeding 

the potential toxic threshold (3.4 μg/mL) [5], with a Cmax of 

4.631 μg/mL. Specifically, plasma concentrations at 4, 6, 8, 

10, and 20 minutes after block administration were all above 

the toxic threshold (Figure 2). 

 
Figure 1. Mean plasma concentration-time curve of 14 patients in the fascia iliaca compartment block group. 

 
Figure 2. Plasma concentration-time curve of patient 3 in the fascia iliaca compartment block group. 
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3.3. Correlation Between Pharmacokinetic 

Parameters and Clinical Characteristics 

Correlation analysis demonstrated a significant negative 

correlation between ropivacaine Cmax and patient BMI 

(P<0.05), while no significant correlations were found be-

tween Cmax and age, sex, or body weight (P>0.05). Tmax 

showed no significant correlations with BMI, age, sex, or 

body weight (all P>0.05). After excluding Patient 3 (an outlier 

with an abnormally high Cmax), the correlation coefficient be-

tween Cmax and BMI decreased to −0.494 (P=0.086). De-

tailed correlation results are presented in Table 2. 

Table 2. Correlations between Ropivacaine Pharmacokinetic Param-

eters and Clinical Variables. 

Variables Correlation coefficient P value 

Cmax (μg/ml)   

BMI (kg/m²) −0.552 0.041* 

Age (years) −0.506 0.065 

Sex 0.300 0.297 

Body weight (kg) −0.158 0.590 

Tmax (min)   

BMI (kg/m²) 0.479 0.083 

Age (years) 0.293 0.309 

Sex −0.008 0.978 

Body weight (kg) 0.341 0.233 

*Note: Cmax=peak plasma concentration; Tmax=time to peak con-

centration; BMI=body mass index; P<0.05 was considered statisti-

cally significant. 

4. Discussion 

This retrospective observational study found that FICB did 

not increase the risk of LAST in patients undergoing THA, 

which does not support our initial hypothesis that FPB is as-

sociated with an elevated risk of local anesthetic toxicity. 

However, the pharmacokinetic characteristics of ropivacaine 

after FICB exhibited significant interindividual variability, 

and a subset of patients still had a potential risk of LAST [5, 

6]. These findings highlight the clinical importance of devel-

oping and implementing individualized dosing regimens for 

patients undergoing FICB to ensure anesthetic safety [11]. 

Knudsen et al. [12] reported that definitive signs of LAST 

emerge when the arterial plasma concentration of ropivacaine 

reaches 3.4–5.3 μg/mL in healthy volunteers receiving contin-

uous intravenous ropivacaine infusion. In the present study, 

only Patient 3 had plasma ropivacaine concentrations persis-

tently above the 3.4 μg/mL toxic threshold throughout the 

monitoring period, yet no clinical symptoms or signs of LAST 

were observed in this patient. This phenomenon is likely at-

tributable to individual differences in susceptibility to LAST, 

which is consistent with the conclusion of Medary et al. that 

significant interindividual heterogeneity exists in the clinical 

response to LAST [9]. Recent studies have confirmed that ge-

netic polymorphisms in drug-metabolizing enzymes 

(CYP3A4/5) and plasma protein binding receptors are key 

factors leading to individual differences in LAST susceptibil-

ity, which further explains the asymptomatic phenomenon in 

Patient 3 [13]. 

The dosing regimen of 30 mL of 0.33% ropivacaine (100 

mg) for FICB used in this study was associated with no in-

creased risk of LAST, which is highly consistent with the find-

ings of Zhang et al. [14]. Zhang et al. demonstrated that 30 mL 

of 0.375% or 0.5% ropivacaine (0.7 mL/kg) for FICB did not 

cause obvious LAST in elderly patients, suggesting that this 

dosing regimen has favorable safety across different patient 

populations [15]. A 2023 multicenter retrospective study fur-

ther verified that fixed-volume ropivacaine administration for 

FICB in adult THA patients has a low incidence of systemic 

adverse reactions (0.3%), which is consistent with the safety 

profile observed in our study [16]. 

Further analysis confirmed a significant negative correla-

tion between ropivacaine Cmax and patient BMI (r=−0.551, 

P=0.041). After excluding the outlier (Patient 3), this correla-

tion was attenuated but remained a statistical trend (r=−0.494, 

P=0.086). In contrast, no significant correlations were found 

between Cmax and age, body weight, or sex (all P>0.05). 

Schumann et al. [17] also confirmed that BMI affects plasma 

concentrations of ropivacaine after ultrasound-guided re-

gional block, which further verifies our conclusion. A 2024 

prospective cohort study on FICB pharmacokinetics identified 

low BMI as an independent risk factor for elevated ropiva-

caine Cmax (OR=3.21, 95% CI: 1.15–8.98), providing addi-

tional evidence for our correlation results [18]. The median 

Tmax of ropivacaine was 15 (6–40) minutes, and no signifi-

cant correlations were observed between Tmax and any clini-

cal characteristics (all P>0.05), indicating that the absorption 

rate of ropivacaine after FICB is minimally influenced by in-

dividual baseline physiological indicators [7]. 

Patient 3, a 26-year-old male with a BMI of 17.3 kg/m² 

(both significantly lower than the cohort mean), had an abnor-

mally elevated Cmax. Relevant studies [1, 19] have reported 

that the fascia iliaca compartment in young patients has a more 

abundant vascular distribution, which accelerates the systemic 

absorption of local anesthetics and significantly affects their 

pharmacokinetic processes—this provides a reasonable expla-

nation for the abnormally high Cmax in Patient 3. 2023 ana-

tomical 3D reconstruction research has shown that the fascial 

space of young adults has a smaller volume and 2.1-fold 

higher vascular density than that of the elderly, which further 
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increases the rate of local anesthetic absorption [20]. All nerve 

block procedures in this study were performed under real-time 

ultrasound guidance with strict adherence to standard proto-

cols [21], uling out direct intravascular injection of local an-

esthetics as the cause of the elevated plasma concentration. 

Notably, three patients with a BMI below 20.0 kg/m² had 

Cmax values (4.63, 1.30, and 1.25 μg/mL) significantly higher 

than the cohort mean (0.88 μg/mL). Ropivacaine is a lipophilic 

local anesthetic, and its in vivo absorption and distribution are 

closely associated with the storage and buffering effects of adi-

pose tissue [22]. Patients with low BMI (lean patients) have re-

duced adipose tissue content, which weakens the buffering effect 

on ropivacaine absorption. Consequently, ropivacaine injected 

into the fascia iliaca compartment is more rapidly absorbed into 

the systemic circulation via local blood vessels, leading to higher 

peak plasma concentrations and an increased potential risk of tox-

icity [10]. A 2022 meta-analysis involving 12 clinical studies 

confirmed that adipose tissue content is positively correlated with 

the distribution volume of lipophilic local anesthetics, and lean 

patients (BMI<20 kg/m²) have a 2.5-fold higher risk of elevated 

plasma local anesthetic concentrations than obese patients [23]. 

Clinically, weight-based dosing is routinely used for pedi-

atric FICB to ensure medication safety [17], while a uniform 

fixed dosage is often used for adult patients without full con-

sideration of individual BMI differences. Based on the results 

of this study, we propose that the dosage of local anesthetics 

should be appropriately reduced according to BMI for adult 

patients with low BMI to avoid adverse reactions caused by 

abnormally elevated plasma concentrations, thereby further 

optimizing the safety of FICB dosing in adult patients. The 

2023 Clinical Practice Guideline for Lower Extremity Fascial 

Plane Blocks issued by the European Society of Regional An-

esthesia and Pain Medicine (ESRA) also recommends individ-

ualized dose adjustment based on BMI for FICB, with a sug-

gested 20%–30% dose reduction for patients with BMI <20 

kg/m² [24]. 

It is widely recognized that the pharmacokinetic processes 

of local anesthetics after nerve block are comprehensively in-

fluenced by multiple factors, including the concentration and 

volume of local anesthetics administered, the anatomical 

structure and vascular distribution of the block site, and the 

patient’s intrinsic physiological status (e.g., metabolic capac-

ity, plasma protein levels) [8, 25]. In this study, despite sub-

stantial interindividual variability in ropivacaine pharmacoki-

netics after FICB, no obvious LAST-related adverse reactions 

were observed in any patient. These results confirm that the 

administration of clinically conventional large-volume local 

anesthetics for FICB does not increase the risk of LAST in 

ordinary adult patients under the premise of real-time ultra-

sound guidance and strict adherence to operational protocols 

[19]. A 2024 national registry real-world evidence study in-

volving 5,218 patients showed that the overall incidence of 

LAST after ultrasound-guided FICB with large-volume local 

anesthetics is less than 0.5%, further validating the clinical 

safety of this dosing strategy [26]. 

The exact mechanism of action of FPB remains incom-

pletely elucidated, and relevant studies [1] have hypothesized 

that the transient increase in plasma local anesthetic concen-

trations after FPB may be one of the important mechanisms 

underlying its blocking effect. Therefore, additional large-

sample, prospective clinical studies are required to further ex-

plore the optimal dosage volume of local anesthetics for FPB 

[27], optimize dosing regimens while effectively preventing 

LAST, and balance anesthetic safety and blocking efficacy. A 

2024 systematic review pointed out that personalized FPB 

dosing regimens based on individual physiological character-

istics (e.g., BMI, age, adipose tissue content) and surgical 

types are the future development direction of perioperative re-

gional analgesia [28]. 

A unique phenomenon observed in this study was the sec-

ondary increase in plasma ropivacaine concentrations in some 

patients at 120 minutes after block administration. We specu-

late that this is related to surgical stress-induced changes in 

plasma binding protein levels: surgical stimulation may re-

duce plasma binding protein content, thereby increasing the 

concentration of free local anesthetics and ultimately mani-

festing as a secondary elevation in plasma concentrations [10]. 

2023 clinical research has confirmed that surgical stress can 

induce a 10%–15% decrease in serum albumin levels within 2 

hours of surgery, and the degree of decrease is positively cor-

related with the intensity of surgical stimulation, which further 

supports our speculation about the secondary concentration 

increase [29]. This finding suggests that close monitoring of 

vital signs and LAST-related symptoms in patients undergoing 

FICB is not only required in the short term after block admin-

istration (e.g., around Tmax) but also should be sustained over 

a longer period to guard against delayed LAST. Timely inter-

vention measures should be implemented to avoid unexpected 

events and further improve the postoperative anesthetic mon-

itoring process. 

This study has several limitations that need to be addressed 

in subsequent research. First, all patients received general an-

esthesia immediately after nerve block completion, and gen-

eral anesthetics may mask mild toxic symptoms that could oc-

cur during the peak plasma concentration phase of local anes-

thetics, leading to the delayed detection of some potential 

toxic reactions. However, the ropivacaine toxic threshold (3.4 

μg/mL) used in this study has been widely validated in domes-

tic and international studies, with good representativeness and 

reference value, which can partially mitigate the impact of this 

limitation. Second, this is a small-sample retrospective obser-

vational study, and the small sample size may compromise the 

statistical power and generalizability of the study conclusions. 

Third, the study only detected the total plasma concentration 

of ropivacaine and did not measure the free drug concentration, 

which is the main form exerting pharmacological and toxic 

effects, and the failure to detect free concentration may lead 

to an incomplete evaluation of the actual toxic risk [29]. 

Fourth, the study cohort included only patients with hip frac-
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ture undergoing THA, and excluded patients with comorbidi-

ties such as liver and kidney dysfunction, diabetes, and cardi-

ovascular disease, which may affect the metabolism and elim-

ination of ropivacaine, thus limiting the applicability of the 

study results to the general clinical population. Fifth, the study 

only conducted a 120-minute short-term monitoring of plasma 

ropivacaine concentrations, and lacked long-term follow-up 

data on the drug’s elimination half-life and late adverse reac-

tions, which cannot fully reflect the complete pharmacokinetic 

process of ropivacaine after FICB. Sixth, the study did not 

consider the influence of genetic polymorphisms on the phar-

macokinetics of ropivacaine, and genetic factors are important 

causes of individual differences in drug metabolism, which 

may be a potential confounding factor in the study [13]. Future 

large-sample, prospective clinical studies are needed to further 

validate the reliability of these findings and provide more ro-

bust evidence-based medical support for clinical practice. 
Subsequent research should include the detection of free ropi-

vacaine concentration, expand the study cohort to include pa-

tients with various comorbidities, extend the drug concentra-

tion monitoring time, and incorporate genetic polymorphism 

detection to comprehensively analyze the factors affecting the 

pharmacokinetics of ropivacaine after FICB. 

5. Conclusions 

Ultrasound-guided FICB with 30 mL of 0.33% ropivacaine 

(100 mg) exhibits good clinical safety in patients undergoing 

THA, and the use of conventional large-volume local anes-

thetics for FICB does not elevate the risk of LAST. However, 

significant interindividual variability exists in the plasma 

pharmacokinetic characteristics of ropivacaine after FICB, 

and special populations (e.g., young patients, patients with 

low BMI) still have a potential risk of LAST. Therefore, it is 

clinically necessary to formulate and implement individual-

ized dosing regimens for patients undergoing FICB. Mean-

while, continuous monitoring of plasma drug concentrations 

and intensive clinical observation after block administration 

should be strengthened to alert against the occurrence of de-

layed toxic reactions, thereby further ensuring the safety of 

patients during anesthesia. 
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