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Background: Skeletal muscle microvascular blood flow plays a critical role in many

myopathologies. The influence of bupivacaine and adjuvants on skeletal muscle microvas-

cular perfusion and tissue oximetry is poorly understood but might be a relevant risk factor

for myopathies after local anesthetic administration. The aim of this experimental study was

to determine the effects of bupivacaine alone or in combination with epinephrine or clonidine

on skeletal muscle perfusion and tissue oximetry.

Methods: Combined tissue spectrophotometry and Laser-Doppler flowmetry and tissue

oximetry were used to assess local muscle blood flow in anesthetized pigs after topical

administration of test solutions (bupivacaine, bupivacaine with epinephrine or clonidine,

saline). Measurements were performed for up to 60 mins.

Results: The application of bupivacaine alone did not alter relative muscle blood flow

significantly, whereas the addition of epinephrine or clonidine to bupivacaine resulted in a

significant reduction of relative muscle blood flow at T30 and T60. However, bupivacaine

resulted in a significant decrease of tissue oximetry values when compared to saline control

group at T30 and T60. The application of bupivacaine combined with clonidine or epinephrine

resulted in no significant reduction of tissue oximetry when compared to bupivacaine alone.

Conclusion: Bupivacaine alone results in a significant decrease of tissue oximetry in

skeletal muscle which is not increased by the addition of epinephrine or clonidine despite

further reductions of microcirculatory perfusion. Overall, bupivacaine alone or with adju-

vants does produce local muscle ischemia for which pathological consequences need to be

addressed in further studies.
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Introduction
Local anesthetics (LAs) reversibly inhibit specific Na+ channels in neurons and prevent

propagation of action potential along peripheral nerves. In regional anesthesia, LAs are

injected in proximity to the target nerve in the surrounding tissue. In most peripheral

nerve blockades, the surrounding tissue consists of skeletal muscle. After injection, the

LA molecules spread and diffuse through the tissue and finally reach their intracellular

target structure within neural tissue. A larger proportion of the LA spreads through the

surrounding tissue and exhibits myotoxic and vasoactive effects.1–5 The consequences

of this inadvertent spread are known as myotoxic effects of LAs on skeletal muscle

which are well described especially for bupivacaine1,3,6 by increased intracellular

calcium levels and a breakdown of intracellular homeostasis7 as well as inhibition of
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mitochondrial function.8 Interestingly, the long-known

vasoactive effects of LAs and adjuvants are still poorly

understood. Regarding the vasoactive potential, LAs as

well as the adjuvant epinephrine both have a negative impact

on nerve blood flow.9 The question as to whether LAs also

have a negative impact on skeletal muscle blood flow has not

been adequately addressed yet. Skeletal muscle vasculature

is rich in α1 and α2 adrenoreceptors that both mediate a

profound vasoconstrictive response and resulting tissue

ischemia after activation. Thus, epinephrine as well as the

widely used adjuvant clonidine might result in profound

muscle vasoconstriction and resulting tissue hypoxemia.

These potential alterations in blood might be a potential

additional risk factor for muscle damage after peripheral

regional anesthesia.

The aim of this study is to evaluate the effect of

bupivacaine alone or in combination with the adjuvants

epinephrine and clonidine on skeletal muscle blood flow

and tissue oximetry using a large-animal model.

Methods
General anesthesia and tissue preparation
Experiments were approved by the local authorities (V 54-

19c 2015 (1) MR 20/13 Nr 92/2011, Regional Board of

Animal Welfare, Gießen, Germany) and performed in

accordance with the current national laws on animal pro-

tection. All study results are presented according to the

ARRIVE-Guidelines for reporting Animal Studies.10

Twenty-two young female domestic pigs (Sus scrofa

domesticus, German Landrace) were used in this experi-

mental study. The animals had a mean age of four months

and a mean bodyweight of 30 kg (range: 27–41 kg). In the

anesthetized pigs, 40 quadriceps femoris muscle areas

were exposed surgically and randomly assigned to one of

the four groups. Thus, 10 muscles per group were included

in the final data analysis.

Standardized general anesthesia and euthanasia were per-

formed as described in previous studies.5,11,12 In brief, after

premedication consisting of diazepam and ketamine, general

anesthesia was inducted using propofol (2–3 mg kg−1) and

sufentanil 0.2–0.3 mg kg−1. Following endotracheal intuba-

tion, general anesthesia was maintained using propofol 0.2

mg kg−1 min−1 and sufentanil 0.5 µg kg−1 min−1. Mechanical

ventilation settings were modified to achieve an end tidal

CO2 of 35–45 mmHg. Inspiratory oxygen fraction (FiO2)

was set to 0.3 to simulate clinical conditions comparable to

low-flow oxygen supplementation in spontaneous breathing.

An arterial catheter for invasive blood pressure monitoring

was inserted via left femoral artery using ultrasound

guidance.

To achieve standardized conditions and minimize

motion artifacts, pancuronium bromide 0.1 mg kg−1 was

administered repeatedly during the study period.

The pharyngeal temperature was monitored to estimate

core body temperature and kept at a constant level using

warm blankets. All anesthetized animals were placed

supine. Quadriceps femoris muscles were exposed surgi-

cally without damaging the muscle fascia. For proper

positioning of the probe for combined measurement of

spectrophotometry and Laser-Doppler flowmetry, a cus-

tom-made application device was fixed with sutures on

the surrounding tissue to achieve a constant application

pressure and measuring volume during the study period.

At the end of the experiments, euthanasia was per-

formed under general anesthesia using potassium chloride

(4 mmol kg−1).

Combined tissue spectrophotometry and

Laser-Doppler flowmetry
Measurements of muscle blood flow (flow in arbitrary units

(AU)), tissue oxygen saturation (SO2 in %) and tissue

hemoglobin level (rHb in AU) were performed using

Laser spectrophotometry (O2C, Lea Medizintechnik,

Gießen, Germany) as described before.5,13 The system and

probe were calibrated according to the manufacturer´s

protocol.

Tissue blood flow is measured using a Laser Doppler

Flowmetry (Figure 1). The tissue spectrophotometry unit

calculates hemoglobin content and tissue oximetry. The

measuring volume within the tissue is illuminated with

coherent Laser light of 500–630 nm wavelength and 30

mW power through a fiber-optic cable. Probe geometry

allows for the detection of blood flow at approximately 1–

2 mm depth by analyzing backscattered light. By fitting

measured spectra with spectra of known tissue saturation

values, the percental oxygen saturation of the capillary and

post-capillary microvasculature is calculated by the O2C

device as SO2. The tissue hemoglobin value (rHb) repre-

sents a hemoglobin concentration per tissue volume (dis-

played as arbitrary unit, AU). It is dependent from

microvessel density, venous filling and microvessel shunt-

ing. Thus, the rHb is suitable to analyze venous congestion

in the measured tissue volume.

Schubert et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
Local and Regional Anesthesia 2019:1272

http://www.dovepress.com
http://www.dovepress.com


The O2C probe was applied to the exposed muscle

tissue with a custom-made application device as shown

in Figures 2 and 3 and fixed with sutures for constant

application pressure. Probe fixation and measurements

were established 10 mins before the intervention to create

optimal measurement stability of the system.

After this time span, 1 mL of the randomly assigned

test solution was applied to the underlying muscle next to

the probe immediately after data were acquired at T0

(timepoint 0 mins).

Study groups
One mL of the test solutions was randomly applied topi-

cally to the muscle:

Bupivacaine 0.5% isobaric (group Bupi) (Carbostesin, B.

Braun, Melsungen, Germany), Bupivacaine 0.5% isobaric

with Epinephrine 1:100.000 (group BupiEpi) (Suprarenin,

Sanofi-Aventis, Frankfurt, Germany).

Bupivacaine 0.5% isobaric with 3.75 μg/mL Clonidine

(group BupiCloni) (Clonidin ratiopharm, Ratiopharm, Ulm,

Germany).

Figure 1 Schematic illustration of O2C device (SO2, tissue oxygen saturation; rHb, tissue hemoglobin).

Figure 2 Mounting device (O2C probe removed). Figure 3 Mounted probe in situ.
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Saline was used as a negative control group: (saline

0.9% isotonic (NaCl, B. Braun, Melsungen, Germany).

All test solutions were prepared fresh immediately

before the experiments in a standardized manner using

single-dose vials. The concentration of epinephrine and

clonidine resemble the highest concentrations of both

drugs used as adjuvants to LAs in clinical setting.14

Outcome parameters
The O2C data concerning tissue blood flow (Flow, AU in

arbitrary units), tissue oximetry (SO2, in percent) and

hemoglobin (rHb, in AU) were recorded at the time points

T0, T5, T10, T15, T20, T25, T30, T40, T50 and T60 mins

and transferred to an Excel sheet (Microsoft Excel for

Mac, Redmond, USA). Systemic hemodynamic para-

meters as mean arterial blood pressure, heart rate and

oxygen saturation were collected at timepoints T10, T30

and T60.

Statistical analysis
Obtained data were analyzed by using SPSS (IBM SPSS

version 24.0). Values for SO2 are presented as percentage

(%) and values for rHb are given in arbitrary units (AU)

according to the manufacturer15 and presented as absolute

values at the given time points. Values for blood flow are

given as relative flow compared to baseline flow measure-

ment, according to previous studies.5,16,17

Data of relative tissue blood flow (AU), rHb (AU) and

SO2 (%) at T0, T30 and T60 of bupivacaine (standard

group) were compared with either bupivacaine/clonidine

or bupivacaine/epinephrine (experimental groups) using

the Mann-Whitney U-test using a hierarchical predefined

statistical testing strategy. The saline group served as a

negative control group and was compared with bupiva-

caine only. Statistical tests for differences (two-sided)

were deemed significant at a level of p=0.05. Hodges-

Lehmann (HL) estimators with 95% confidence intervals

(CI) were calculated to analyze the differences of medians

between microcirculation parameters (muscle blood flow,

SO2 and rHb) between bupivacaine and each group,

respectively. Statistical testing for differences (two-sided)

was deemed significant at a level of p=0.05. To exclude

bias of microcirculatory variations and identify systemic

effects of the study drugs, vital parameters between groups

at T0, T30 and T60 were compared. HL estimators with

95% CI for heart rate (bpm), mean arterial blood pressure

(MAP, mmHg) and SpO2 (%) were calculated between the

bupivacaine group and each of the other groups.

Differences of less than 15 bpm or heart rate >50, 10

mmHg in MAP or 3% in SpO2 were assumed to be

clinically irrelevant.

Results
Vital parameters
Vital parameter data are presented in Table 1. Comparison

of HL estimators for mean arterial pressure, heart rate and

systemic pulse oximetry revealed no clinically relevant

differences between the four groups at T0 (Table 1). At

T30 and T60 mins, HL estimators for mean arterial pres-

sure, heart rate and systemic pulse oximetry showed no

clinically relevant differences between the four groups.

Microcirculation
Data of relative muscle flow parameters are presented in

Table 2. The bupivacaine group showed no significant

difference in relative flow parameters compared with the

saline group as control group at T30 (p=0.853) and T60

(p=0.218). However, a significant decrease in relative

blood flow was revealed when bupivacaine with clonidine

was compared with bupivacaine alone at T30 (p=0.011)

and T60 (p=0.043). Comparison of bupivacaine with bupi-

vacaine/epinephrine showed a significant decrease in rela-

tive flow at T30 (p=0.03) and T60 (p=0.002). Analysis of

HL estimators between bupivacaine and BupiCloni or

BupiEpi revealed a relevant difference of relative muscle

blood flow reductions at T30 and T60.

Tissue oximetry
Data for SO2 measurements are presented in Table 3. The

Mann-Whitney test was performed for T0, T30 and T60

comparing each group with bupivacaine. At T0, no statis-

tically significant differences were revealed between the

four groups. Statistical analyses show significant differ-

ences comparing bupivacaine with saline at T 30

(p=0.01) and T60 (p=0.01). Comparison of bupivacaine

with bupivacaine/clonidine showed no significant differ-

ences at T0 (p=0.247), T30 (p=0.315) and T60 (p=0.912).

Comparison of bupivacaine with bupivacaine/epinephrine

revealed no statistically significant differences at T0

(p=0.529), T30 (p=0.123) and T60 (p=0.280). HL estima-

tors (and 95% CI) for comparisons between bupivacaine

group and the three other groups were calculated for T0,

T30 and T60 and are presented in Table 3.
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Hemoglobin content
Analysis of relative hemoglobin content as a parameter of

venous congestion is presented in Table 4. No statistically

significant differences of rHb could be detected comparing

bupivacaine with saline at T0 (p=0.684), T30 (p=0.739) and

T60 (p=0.631). Moreover, comparison of rHb of the bupi-

vacaine group with the bupivacaine/clonidine group

revealed no statistically significant differences at T0

(p=0.063), T30 (p=0.280) and T60 (p=0.393). Comparison

of the bupivacaine group with the bupivacaine/epinephrine

group showed no significant differences at T0 (p=0.912),

T30 (p=0.853) and T60 (p=0.631). Results of HL estimator

and 95% CI were calculated for T0, T30 and T60 as shown.

Discussion
Our experimental data showed that the application of

bupivacaine results in a significant reduction of measured

muscle blood flow at T30 and T60 (Table 4) when bupi-

vacaine was compared to the saline control group.

Interestingly, the addition of clonidine as well as epinephr-

ine to bupivacaine results in pronounced additional blood

flow reductions.

Compared to saline, the topical application of bupiva-

caine results in profound reductions of tissue oximetry

values at T30 as well as at T60. However, the addition

of clonidine or epinephrine did not show any difference (as

an additional risk factor for tissue ischemia) regarding

tissue oximetry compared to bupivacaine alone.

To our knowledge, this is the first study investigating the

effect of bupivacaine on skeletal muscle microcirculation. We

showed a pronounced reduction of muscle perfusion which

resulted in consecutive reductions of tissue oximetry within

the measured tissue volume. A previous study by Palmer et al.

showed no effect of lidocaine 10 mg mL−1 on muscle perfu-

sion in an experimental model in rats using the radiolabeled

microsphere technique.18 Interestingly, in the same study by

Palmer, the addition of epinephrine (10 µg mL−1) to lidocaine

did result in only modest reductions of muscle blood flow. A

previous study by Johns et al. found a dose-dependent vaso-

constrictive effect on rat cremaster arterioles.19

Epinephrine is used as an adjuvant for LAs to reduce

systemic absorption and toxic effects. A shortened nerve

block onset time and prolonged block duration is assumed

when epinephrine is used.14 It prolongs nerve block duration

of LAs due to its reduction of local tissue clearance and

enhanced concentration of LA in the perineural tissue.9,20,21

Our data is in contrast to the Palmer study, as we were able to T
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demonstrate a significant reduction of muscle blood flow com-

pared to saline when bupivacaine alone or in combination with

epinephrine or clonidine was used. Clonidine is commonly

used as an adjuvant to LA in regional anesthesia.14

Underlying mechanisms are still unknown. Interestingly, due

to α2-adrenergic effects of clonidine, one might assume a

resulting vasodilatation with the increase of tissue blood flow.

Contrary to a previous study by our group5 investigating the

effect of adjuvants on nerve blood flow showing no effect of

clonidine when added to bupivacaine, the addition of clonidine

to bupivacaine did result in an additional decrease of muscle

tissue blood flow in this study. The extent of additional

decrease of tissue perfusion by adding clonidine is comparable

with the effect of addition of epinephrine to bupivacaine in the

BupiEpi group in our study. These reductions of muscle blood

flow resulted in profound reductions of skeletal muscle tissue

oximetry in all three groups containing bupivacaine. Between

these three groups, there was no difference in the extent of

ischemia, even despite a numeric but not statistically signifi-

cant difference of the BupiCloni group compared with bupi-

vacaine alone or in combination with epinephrine. The

microcirculation of skeletal muscle is regulated in a complex

system comprising systemic (mediated by hormonal or ner-

vous effects) as well as local factors (myogenic, metabolic or

endothelial mechanism) that differ in resting and activated

muscles.22

In general, arterial (but not venous) branches of micro-

circulation in skeletal muscles are supplied by adrenergic

sympathetic nervous fibers with α1 and 2 as well as beta-2

receptors. In previous studies, the postsynaptic α2 adrenor-

eceptor activation resulted in profound reductions of ske-

letal muscle perfusion.23,24

This might be the pharmacological explanation of reduc-

tions of tissue perfusion in the BupiCloni group. The clinical

impact of our results is unclear as we were only able to

measure short-term effects of bupivacaine in our study.

However, the ischemic effect of bupivacaine alone or in com-

bination with the adjuvants epinephrine or clonidine might be

an additional risk factor to LA-induced myotoxicity after

peripheral nerve blocks. LA-induced myotoxicity is induced

by bupivacaine-related early and late aberrations in cytoplas-

matic Ca2+ homeostasis.7,25 The clinical impact of LA-

induced myotoxicity is controversially discussed. Clinical

relevant myopathy and myonecrosis following continuous

peripheral nerve blocks, infiltration of wound margins and

peri- and retrobulbar blocks have been described.2 There are

several reports of myotoxicity due to LAs. Zink et al. reported

that when bupivacaine and ropivacaine were continuously

administered through femoral nerve catheters over six hours,

both caused irreversible skeletal damage.3 Neal et al. reported

that three individuals who received adductor canal block with

lidocaine or mepivacaine bolus followed by ropivacaine for

continuous infusion developed progressive weakness of quad-

riceps muscles.26 Overall, the clinical impact of LA myotoxi-

city has been controversially debated. However, there is good

experimental evidence that LAs caused lesions in skeletal

muscle tissue. In a recent systematic review by Hussain et

al., the authors concluded that further research needs to be

performed to rule out the effect of adjuvants to LAs on

myotoxicity.25 We might speculate that combined injury by

profound ischemia in addition to the myotoxicity of the LAs

used might result in more severe muscle damage.

Limitations
This experimental study has several limitations that should

be addressed. Firstly, the differences between the results in

this animal experimental study might not be transferred to

clinical conditions, due to differences in muscle blood flow

and regulative mechanisms. Vascular tone might be influ-

enced by general anesthesia, surgical preparation. Changes

in blood pressure, systemic oxygen saturation and end-

tidal carbon dioxide might influence skeletal muscle

blood flow. We aimed to control this bias by invasive

blood pressure monitoring, controlled mechanical ventila-

tion with fixed inspired oxygen fraction and the mainte-

nance of normocapnia with the use of capnometry.

Measurements were analyzed as individual cases despite

performing up to two measurements (left and right) per

animal. This approach is similar to other published studies

by our group and others with the aim to reduce animal

numbers.

In conclusion, our study demonstrated profound reduc-

tions of skeletal muscle blood flow as well as tissue

oximetry after topical application of bupivacaine alone in

comparison with saline solution as control. The addition of

epinephrine or clonidine both resulted in additional reduc-

tions of local muscle blood flow but without further reduc-

tions of tissue oximetry values.

Abbreviations
AU, arbitrary unit; Ca2+, Calcium (ionized); LA, local

anesthetic; MAP, mean arterial blood pressure; n, number;

rel, relative; rHb, relative tissue hemoglobin; SO2, tissue

oxygen saturation; SpO2, systemic arterial oxygen satura-

tion; O2C, “oxygen to see” (Proprietary name of LEA

company, Giessen, Germany).
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