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Abstract

Purpose Erector spinae plane blocks (ESPB) and

pectointercostal fascial (PIFB) plane blocks are novel

interfascial blocks for which local anesthetic (LA) doses

and concentrations necessary to achieve safe and effective

analgesia are unknown. The goal of this prospective

observational study was to provide the timing (Tmax) and

concentration (Cmax) of maximum total and free plasma

bupivacaine after ESPB in breast surgery and after PIFB

in cardiac surgery patients.

Methods Erector spinae plane blocks or PIFBs (18

patients per block; total, 36 patients) were performed

with 2 mg�kg-1 of bupivacaine with epinephrine 5 lg�mL-1.

Our principal outcomes were the mean or median Cmax of

total and free plasma bupivacaine measured 10, 20, 30, 45,

60, 90, 180, and 240 min after LA injection using liquid

chromatography with tandem mass spectrometry.

Results For ESPB, the mean (standard deviation [SD])

total bupivacaine Cmax was 0.37 (0.12) lg�mL-1 (range,

0.19 to 0.64), and the median [interquartile range (IQR)]

Tmax was 30 [50] min (range, 10–180). For ESPB, the

mean (SD) free bupivacaine Cmax was 0.015 (0.017)

lg�mL-1 (range, 0.003–0.067), and the median [IQR]

Tmax was 30 [20] min (range, 10–120). After PIFB, mean

plasma concentrations plateaued at 60–240 min. For

PIFB, the mean (SD) total bupivacaine Cmax was 0.32

(0.21) lg�mL-1 (range, 0.14–0.95), with a median [IQR]

Tmax of 120 [150] min (range, 30–240). For PIFB, the

mean (SD) free bupivacaine Cmax was 0.019 (0.010)

lg�mL-1 (range, 0.005–0.048), and the median [IQR]

Tmax was 180 [120] min (range, 30–240). For both ESPB

and PIFB, we observed no correlations between

pharmacokinetic and demographic parameters.

Conclusion Total and free bupivacaine Cmax observed

after ESPB and PIFB with 2 mg�kg-1 of bupivacaine with

epinephrine 5 lg�mL-1 were five to twenty times lower than

levels considered toxic in the literature.

Résumé

Objectif Les blocs des muscles érecteurs du rachis (ESP)

et les blocs des plans fasciaux pecto-intercostaux (PIFB)

sont de nouveaux blocs interfasciaux pour lesquels les

doses et les concentrations d’anesthésique local (AL)
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Montréal, Montreal, QC, Canada

S. Mouksassi, PhD
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nécessaires à obtenir une analgésie sécuritaire et efficace

sont inconnues. L’objectif de cette étude observationnelle

prospective était de déterminer le moment d’administration

(Tmax) et la concentration (Cmax) de bupivacaı̈ne

plasmatique totale et plasmatique libre maximale après

un bloc ESP pour chirurgie mammaire et après un PIFB

chez les patients en chirurgie cardiaque.

Méthode Des blocs ESP ou PIFB (18 patients par bloc;

total, 36 patients) ont été réalisés avec 2 mg�kg-1 de

bupivacaı̈ne et 5 lg�mL-1 d’épinéphrine. Nos principaux

critères d’évaluation étaient la Cmax moyenne ou médiane

de bupivacaı̈ne plasmatique totale et libre mesurée 10, 20,

30, 45, 60, 90, 180 et 240 min après l’injection d’AL par

chromatographie liquide avec spectrométrie de masse en

tandem.

Résultats Pour le bloc ESP, la Cmax de bupivacaı̈ne totale

moyenne (écart type [ET]) était de 0,37 (0,12) lg�mL-1

(plage, 0,19 à 0,64), et le Tmax médian [écart interquartile

(ÉIQ)] était de 30 [50] min (intervalle, 10–180). Pour le

bloc ESP, la Cmax de bupivacaı̈ne libre moyenne (ET) était

de 0,015 (0,017) lg�mL-1 (plage, 0,003–0,067), et le Tmax

médian [ÉIQ] était de 30 [20] min (intervalle, 10–120).

Après un PIFB, les concentrations plasmatiques moyennes

ont plafonné à 60–240 min. Pour le bloc PIFB, la Cmax de

bupivacaı̈ne totale moyenne (ET) était de 0,32 (0,21)

lg�mL-1 (plage, 0,14–0,95), et le Tmax médian [ÉIQ] était

de 120 [150] min (intervalle, 30–240). Pour le bloc PIFB,

la Cmax de bupivacaı̈ne libre moyenne (ET) était de 0,019

(0,010) lg�mL-1 (plage, 0,005–0,048), et le Tmax médian

[ÉIQ] était de 180 [120] min (intervalle, 30–240). Pour le

bloc ESP et le PIFB, nous n’avons observé aucune

corrélation entre les paramètres pharmacocinétiques et

démographiques.

Conclusion : Les Cmax de bupivacaı̈ne totale et libre

observées après un bloc ESP et PIFB avec 2 mg�kg-1 de

bupivacaı̈ne avec 5 lg�mL-1 d’épinéphrine étaient cinq à

vingt fois plus faibles que les niveaux considérés comme

toxiques dans la littérature.

Keywords Analgesia � block � bupivacaine �
erector spinae � pectointercostal � pharmacokinetics

The last decade has witnessed the emergence of

perioperative ultrasound-guided interfascial plane

blocks,1,2 for which local anesthetic (LA) doses and

concentrations necessary to achieve optimal analgesia are

not known. The erector spinae plane block (ESPB) and the

pectointercostal fascial plane block (PIFB) are among the

novel interfascial plane blocks that aim to relieve acute

pain after surgery.1,3–8 As in any block, ESPB and PIFB

LA doses and concentrations must balance the need for

profound conduction blockade and/or long-lasting

analgesia9 with the potential for LA toxicity, which

limits maximum doses to the lowest effective dose for

each block. While the injection site has an important effect

on LA pharmacokinetics, including peak plasma LA

concentrations associated with potential toxicity,10,11 LA

pharmacokinetic (PK) absorption data specific to ESPB and

PIFB are lacking.

The goal of this prospective observational study was

therefore to provide PK data including levels (principal

outcome) and timing of peak bupivacaine plasma

concentrations after ESPB and PIFB.

Methods

Study design and patient population

This manuscript adheres to the applicable STrengthening

the Reporting of OBservational studies in Epidemiology

(STROBE) guidelines.A This single-center, prospective,

descriptive, observational study was approved by the

Institutional Ethics Board of the Centre hospitalier de

l’Université de Montréal, and written informed consent

was obtained from all participants. The ESPB study and

PIFB study were both registered before patient enrollment

at ClinicalTrials.gov (NCT03841409; principal

investigator: S. W.; date of registration: 15 February

2019; NCT03920904; principal investigator: S. W.; date of

registration: 19 April 2019). Results of the two studies are

reported together as both the ESPB and PIFB studies were

designed with similar objectives and methods, then

performed simultaneously by the same research team.

To study the ESPB, patients with an American Society

of Anesthesiologists (ASA) Physical Status classification

less than IV, between 18 and 90 yr of age, and undergoing

mastectomy with or without axillary lymph node dissection

were consecutively screened and recruited from July 2019

to October 2019.

For the PIFB study, patients with an ASA classification

less than V, between 18 and 90 yr of age, and undergoing

full median sternotomy for elective coronary artery bypass

graft surgery and/or valve replacement surgery were

consecutively screened and recruited from August 2019

to September 2019. Patients were not recruited if they

could not provide informed consent, were allergic to amide

LA, had severe heart failure (ejection fraction\30%), had

severe liver disease (Child-Pugh score B and C), had severe

renal insufficiency with a glomerular filtration rate12 less

A The Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) statement. Available from URL: https://

www.strobe-statement.org (accessed February 2022).
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than 30 mL�min-1/1.73 m-2, had an infection in the

designated block area, or refused to participate. Patients

for whom the predetermined sampling regimen could not

be observed or who required allogeneic blood transfusions

during the sampling period were excluded.

Drug administration

A limited group of investigators (A. M., S. W., S. A., S.

M.) with experience in ESPB and PIFB performed all

blocks using the technique described below.

Erector spinae plane blocks were carried out

preoperatively and before general anesthesia, with two

intravenous accesses, in the antecubital fossa or proximal

forearm contralateral to the ESPB, serving solely to draw

blood for the study. Patients were monitored in a sitting

position with an electrocardiogram, pulse oximeter, and

noninvasive blood pressure cuff. Under sterile conditions, a

15–6 MHz linear ultrasound probe (Sonosite HFL50;

FUJIFILM Sonosite, Inc., Bothell, WA, USA) placed

parasagittally 3 cm lateral to the midline guided an 80-mm,

22G needle (SonoPlex� STIM NanoLine, PAJUNK�
GmbH Medizintechnologie, Geisingen, Germany) inserted

cephalically and in-plane into the interfascial plane below

the erector spinae muscle group at the level of the fifth

thoracic vertebra (see Electronic Supplementary Material

[ESM] eFig. 1). A total dose of 2 mg�kg-1 (lowest of actual

weight or Devine’s ideal body weight formula, 50 kg ?

(0.91 9 [height in cm - 152.4]) for males and 45.5 kg ?

(0.91 x [height in cm - 152.4]) for females,13 maximum

150 mg) bupivacaine 0.5% with epinephrine 5 lg�mL-1 was

delivered, with negative aspiration between 5-mL aliquots

and echographic confirmation of injection in the targeted

location. Surgery was performed under general anesthesia,

and any use of additional bupivacaine by the

anesthesiologist or surgeon was prohibited.

For the PIFB study, anesthesia included invasive arterial

pressure monitoring, and the use of bupivacaine during

surgery or anesthesia was prohibited except for the PIFB.

At the end of surgery, after sternal closure, under general

anesthesia, bilateral PIFB was performed at the third and

sixth intercostal spaces in the sterile surgical field. A 15–6

MHz linear ultrasound probe (Sonosite HFL50) placed

parasagittaly 3 cm lateral to the midline guided an 80-mm,

22G needle (SonoPlex� STIM NanoLine) inserted

cephalically and in-plane into the interfascial space

between the pectoralis major and intercostal muscles (see

ESM eFig. 2). A total dose of 2 mg�kg-1 (lowest of actual or

ideal body weight,13 maximum 150 mg) bupivacaine

0.25% with epinephrine 5 lg�mL-1 was delivered with

negative aspiration between aliquots of maximum 5 mL

and echographic confirmation of injection in the targeted

location.

Blood sampling, handling, processing

The designated intravenous access (ESPB) and arterial line

(PIFB) were first cleared by drawing 3 and 9 mL of discard

volume, respectively. Blood samples (4.5 mL) were

withdrawn 10, 20, 30, 45, 60, 90, 120, 180, and 240 min

after completing bupivacaine injection and placed in

lithium heparinized tubes (BD Vacutainer� BarricorTM,

Becton, Dickinson and Company, Franklin Lakes, NJ,

USA) on ice, then centrifuged (5 min at 10,000 9 g) with

the supernatant plasma aliquots stored at -20�C. Once all

samples had been obtained, 1 mL of the supernatant plasma

aliquot was collected from each sample and centrifuged

through a filter in a Centrifree ultrafiltration device

(Millipore, Fisher Scientific, Ottawa, ON, Canada) at

1,000 9 g for ten minutes to separate free bupivacaine

from protein-bound bupivacaine. Liquid chromatography

with tandem mass spectrometry analysis with a 1,200 series

high-performance liquid chromatography system coupled

to 6,410 electrospray tandem mass spectrometer (Agilent

Technologies, Montréal, QC, Canada) was used to measure

total and free bupivacaine concentrations in each sample.

Assessment of sensory block

Though postoperative assessment of sensory block was

severely limited by the wound dressing for ESPB and level

of consciousness for PIFB, an attempt was made in all

patients to assess the extent of sensory block using a 6.1 g

von Frey filament. Assessments of ESPB patients were

made in the postanesthetic care unit (PACU), while PIFB

patients were assessed 240 min after injection in the

intensive care unit.

Pharmacokinetic analysis

Our principal outcomes of interest were the level (Cmax) as

well as the timing (Tmax) of peak plasma concentration of

total and free bupivacaine after PIFB and ESPB. A

standard noncompartmental PK data analysis was

performed with Phoenix� NLME version 8.3 (Certara

USA, Inc., Princeton, NJ, USA). Peak plasma

concentration (Cmax) and time to Cmax (Tmax) were

identified for each patient. The slope of the terminal

phase was computed when a downward trend of the PK

profile was present and the terminal half-life was reported

as T1=2 ¼ Log 2ð Þ
terminal slope. We used R software (R Foundation

for Statistical Computing, Vienna, Austria) to generate

model diagnostic figures and tables of descriptive

statistics.14
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Statistical analysis

For both ESPB and PIFB, the sample size estimation was

based on reported Cmax in patients after intercostal

blockade with bupivacaine 0.25%.15 Considering an

alpha error of 0.05 and desired precision of ± 0.1

lg�mL-1, 15 patients were required for each block,16 to

which we added three patients for each of the two blocks to

compensate for sampling or other problems, giving a total

of 18 patients per block.

Descriptive and PK data were verified for normality by

the Shapiro–Wilk test and presented as means (standard

deviation [SD]) or medians [interquartile range (IQR)], as

appropriate. A relation between patient age, weight, ideal

weight or body mass index (BMI), and Cmax was evaluated

by computing the Spearman’s rank-order correlation

coefficients and associated P values.

Results

Erector spinae plane block

Figure 1 shows the ESPB recruitment flowchart, while

Table 1 shows patient demographic, morphologic, and

surgical characteristics. Deposition of LA into the

interfascial space between the pectoralis major and

intercostal muscles and into the interfascial plane below

the erector spinae muscle group at the level of the fifth

thoracic vertebra was successfully visualized in all patients.

The mean (SD) dose and volume of bupivacaine injected

were 108 (10) mg and 22 (2) mL. The mean (SD) total

bupivacaine Cmax was 0.37 (0.12) lg�mL-1, with a median

[IQR] Tmax of 30 [50] min. The mean (SD) free

bupivacaine Cmax was 0.015 (0.017) lg�mL-1, with a

median [IQR] Tmax of 30 [20] min. Figure 2 shows mean

total and free plasma concentrations over time (see ESM

eTable 1 for individual Cmax/Tmax values). The highest

single value for total bupivacaine Cmax was 0.64 lg�mL-1 at

10 min, and for free bupivacaine Cmax was 0.067 lg�mL-1

at 20 min (in two different patients). Free bupivacaine

plasma concentrations represented on average 4% of their

respective total bupivacaine plasma concentrations. Sample

mishandling made measurement impossible for total

bupivacaine in nine samples (four in patient #10 and

three in patient #17) and for free bupivacaine in patient #9.

Fifty-eight percent of the 153 free bupivacaine

measurements were under the lower limit of calibration

of 0.01 lg�mL-1. We observed no significant correlation

between total or free Cmax and age (P = 0.09 and 0.29,

respectively), weight (P = 0.60 and 0.54, respectively), or

BMI (P = 0.83 and 0.64, respectively). Assessment of

sensory blockade levels in the PACU was severely limited

by the wound dressing: three patients had a sensory block

between T1 and T2, one between T1 and T3, two between

T2 and T3, two between T3 and T5, two between T3 and T6,

two between T4 and T5, and two between T5 and T6, while

in four patients sensory blockade could not be determined.

Pectointercostal fascial plane block

Figure 3 shows the PIFB recruitment flowchart. Notably, ten

patients were excluded because their surgery coincided with

that of another recruited patient (simultaneous collection of

blood samples according to the predetermined schedule for

more than one patient was not possible). Table 2 shows the

demographic and surgical characteristics of the study

population. Deposition of LA into the interfascial space

between the pectoralis major and intercostal muscles at the

four injection points was successfully achieved in all patients.

The mean (SD) dose and volume of bupivacaine injected

were 127 (16) mg and 51 (6) mL. The mean (SD) total

bupivacaine Cmax was 0.37 (0.12) lg�mL-1, with a median

[IQR] Tmax of 120 [150] min. The mean (SD) free

bupivacaine Cmax was 0.019 (0.010) lg�mL-1 with a median

[IQR] Tmax of 180 [120] min. Figure 4 shows mean total and

free plasma concentrations over time. Mean total bupivacaine

concentrations formed a broad plateau of values between 0.30

and 0.34 lg�mL-1 over the last three hours of the

measurement period (see ESM eTable 2 for individual

Cmax/Tmax values). The highest single value for total

bupivacaine Cmax was 0.95 lg�mL-1 at 45 min, and the

highest free bupivacaine Cmax was 0.048 lg�mL-1 at 60 min

(in the same patient). Free bupivacaine plasma concentrations

represented on average 5% of their respective totalFig. 1 Erector spinae plane block recruitment flowchart
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bupivacaine plasma concentrations. Forty-two percent of 162

free bupivacaine measurements were under the lower

calibration limit of 0.01 lg�mL-1. We observed no

significant correlation between total or free Cmax and age

(P = 0.41 and 0.86, respectively), weight (P = 0.37 and 0.42,

respectively), and BMI (P = 0.65 and 0.90, respectively). The

results of sensory block assessment in the nine extubated

patients at 240 min were as follows: three patients had a

sensory block between T3 and T6, two between T3 and T7,

one between T4 and T6, and one between T4 and T7. All

sensory blockade territories were bilateral, asymmetrical at

the edges, and none extended lateral to the midclavicular line.

One patient also had a sensory block between T3 and T6, but

very limited to the incision line. Finally, despite a numerical

rating scale pain score at rest of 0, one patient did not exhibit

sensory blockade.

Discussion

When new peripheral nerve blocks are introduced, PK data

specific to these new LA injection sites are needed to

ensure safety while optimizing the LA dose to provide

maximal analgesia with minimal toxicity.17 The present

study shows low peak bupivacaine serum concentrations

after injection of 2 mg�kg-1 of adrenalized solution for both

ESPB and PIFB.

After ESPB and PIFB, average total and free plasma

bupivacaine levels were more than five to twenty times lower

than levels associated with central nervous or cardiovas-

cular systemic toxicity (total arterial plasma bupivacaine

4 lg�mL-1,18 free plasma arterial bupivacaine 0.3 lg�mL-1,18

total venous plasma bupivacaine 2.118 or 2.2519 lg�mL-1, and

free venous bupivacaine 0.11 lg�mL-1).18 Erector spinae

plane block and PIFB bupivacaine Cmax values observed in

Table 1 Erector spinae plane block patient and surgical characteristics

Characteristic

Age (yr), mean (SD), (range) 55 (11), (33–72)

Female, n/total N (%) 18/18 (100%)

BMI (kg�m-2), mean (SD), (range) 27 (6), (20–39)

Ideal weight (kg), mean (SD), (range) 55 (6), (42–66)

Actual weight (kg), median [IQR] 66 [18]

Surgery, n/total N (%)

Partial mastectomy with ALND 11/18 (61%)

Partial mastectomy without ALND 5/18 (28%)

Revision of surgical margins 2/18 (11%)

ALND = axillary lymph node dissection; BMI = body mass index

Fig. 2 Mean (standard

deviation) total and free

bupivacaine plasma

concentration–time profile

following erector spinae plane

blocks
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the present study were two to four times lower than after a

bilateral intercostal block with a total of 140 mg of

bupivacaine without epinephrine,20 three times lower than

after a transversus abdominis plane block (TAPB) and rectus

sheath block with 130 mg of levobupivacaine without

epinephrine,21 and about one third lower than following

epidural administration of 100 mg of bupivacaine with

epinephrine.22 As for free bupivacaine plasma concentration

after ESPB and PIFB, no previous study has compared Cmax

after fascial blocks. It is unknown whether the plasma levels

of bupivacaine reported in this study have a systemic

analgesic effect but if so, it may be lower than with the

other blocks described above.

Reported bupivacaine Tmax values are 30 min after

intercostal block,20 32 min after TAPB,21 61 min after

rectus sheath block,21 and 21 min after epidural block.22

The present ESPB Tmax exhibited similarities with those of

epidural, intercostal, and TAPB blocks. For PIFB, contrary

Fig. 3 Pectointercostal fascial

plane block recruitment

flowchart

Table 2 Pectointercostal fascial plane block patient and surgical characteristics

Characteristic

Age (yr), mean (SD), (range) 67 (8), (54–85)

Female, n/total N (%) 4/18 (22%)

BMI (kg�m-2), mean (SD), (range) 28 (4), (19–35)

Ideal weight (kg), mean (SD), (range) 64 (8), (48–77)

Actual weight (kg), mean (SD), (range) 81 (11), (59–103)

Surgery, n/total N (%)

CABG 16/18

AVR 1/18

CABG ? AVR 1/18

CPB (yes/no), n 13/5

CPB duration (min), mean (SD), (range) 70 (13), (50–74)

Blood loss in the first 4 hr after PIFB (mL), median [IQR] 80 [50–148]

AVR = aortic valve replacement; BMI = body mass index; CABG = coronary artery bypass graft; CPB = cardiopulmonary bypass; IQR =

interquartile range; SD = standard deviation
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to most other reported LA PK values for regional

blocks,20,23–29 bupivacaine plasma concentrations seemed

to plateau over 60–240 min, without a clearly defined peak.

The use of a moderate concentration of bupivacaine with

epinephrine, limiting bupivacaine absorption,30 has been

shown after a TAPB not only to decrease the total

bupivacaine Cmax by almost half but also to produce a

plateau-shaped concentration–time curve.31 A delayed

PIFB Tmax could also be the result of poor

vascularization of the pectointercostal fascial plane, or

altered perfusion combined with a change in LA

disposition following cardiac surgery.

For both PIFB and ESPB, we observed no significant

correlation between Cmax and demographic or morphologic

parameters. The American Society of Regional Anesthesia

and Pain Medicine recommends using lean body weight for

dose adjustment in truncal blocks.32 Dose adjustment to

ideal body weight coupled with adjunctive epinephrine

may have reduced variation related to demographic and

morphologic parameters in the present study.30,31

Limitations

A first limitation of the present study is that the ESPB study

population was composed only of females undergoing

breast surgery, while PIFB was performed only in cardiac

surgery patients, most being post-cardiopulmonary bypass;

therefore, our results may not be generalizable to other

surgical populations. Variations in volume of distribution,

alterations in drug binding and metabolism, and instability

of renal function have been described postoperatively in

patients who undergo cardiopulmonary bypass.33 Another

limitation is that, unlike most other blocks,20,23,27,28,34 240

min was insufficient to confirm the Cmax and Tmax values

needed to create a PK model for bupivacaine after PIFB.

Further studies examining PIFB using bupivacaine with

epinephrine could sample plasma levels for more than 240

min. Nevertheless, given the shape of the curve and the fact

that the Cmax was not observed more than four hours after

LA injection in other blocks, it is likely that the maximum

concentrations observed are similar to the Cmax that would

be observed over a longer period of time. The effect of

different volumes and concentrations of LA on Cmax and

Tmax values for both the PIFB and the ESPB should be the

object of further study. In addition, this study was not

designed to evaluate clinical ‘‘success’’ of the blocks,

which may have affected plasma LA concentrations despite

achieving a consistent echographic endpoint for all blocks.

Finally, the limited number of participants in the study may

have limited the ability to relate variability in plasmatic

concentrations with specific cohorts such as the elderly, the

morbidly obese, or those with renal or hepatic

insufficiency. Further studies of ESPB and PIFB

pharmacokinetics should consider using a larger sample

size to lower variance.

Conclusion

Bupivacaine with epinephrine pharmacokinetics after

ESPB and PIFB with 2 mg�kg-1 produced maximum total

and free plasma concentrations much lower than those

considered toxic. It is hoped the data presented in this study

will be useful when choosing LA doses in further studies of

ESPB and PIFB pharmacokinetics and clinical efficacy.

Fig. 4 Mean (standard

deviation) total and free

bupivacaine plasma

concentration–time profile

following pectointercostal

fascial plane blocks
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