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KEYWORDS Abstract
Antimicrobial: Study objective: In this study, we aimed to compare the antimicrobial effects of bupivacaine

Bupivacaine; igi;?:ézngslecitrate and to reveal the impact on antimicrobial effect potential in the case of

Fentanyl; ' > )
Regional anesthesia; Design: In vitro prospective study.
Infections Setting: University Clinical Microbiology Laboratory.

Measurements: In our study, in vitro antimicrobial effect of 0.05mg.mL" fentanyl citrate,
5mg.mL"" bupivacaine were tested against Staphylococcus aureus American Type Culture Col-
lection (ATCC) 29213, Pseudomonas aeruginosa ATCC 27853, Klebsiella pneumoniae ATCC 13883,
Escherichia coli ATCC 25922 and Candida albicans ATCC 10231 as Group F (Fentanyl Citrate) and
Group B (Bupivacaine), respectively. S. aureus ATCC 29213, P. aeruginosa ATCC 27853, Kleb-
siella pneumoniae ATCC 13883 and Escherichia coli ATCC 25922 were cultured onto Mueller
Hinton agar (Oxoid, UK) plates and Candida albicans ATCC 10231 were cultured onto Sabouraud
dextrose agar (Oxoid, UK) plates for 18—24 hours at 37 °C.

Main results: In terms of inhibition zone diameters, S. Aureus ATCC 29213, P. aeruginosa ATCC
27853, and C. albicans ATCC10231 values obtained after 12 and 24 hours of incubation were
significantly higher in Group F than Group B (p< 0.001). In terms of inhibition zone diameters,
E. coli ATCC 25922, and K. pneumomiae ATCC 13883 values obtained after 12 and 24 hours of
incubation were significantly higher in Group B than Group F (p< 0.001, E. coli 122 hour p
=0.005).
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Introduction

Conclusions: Addition of fentanyl to Local Anesthetics (LAs) is often preferred in regional anes-
thesia applications in today’s practice owing especially to its effect on decreasing the local
anesthetic dose and increasing analgesia quality and patient satisfaction. However, when the
fact that fentanyl antagonized the antimicrobial effects of LAs in the studies is taken into
account, it might be though that it contributes to an increase in infection complications. When
the fact that fentanyl citrate which was used in our study and included hydrochloric acid and
sodium hydroxide as protective agents, broadened the antimicrobial effect spectrum of LAs,
had no antagonistic effect and showed a synergistic antimicrobial effect against E. Coli is con-
sidered, we are of the opinion that the addition of fentanyl to LAs would contribute significantly
in preventing the increasing regional anesthesia infection complications.

© 2020 Sociedade Brasileira de Anestesiologia. Published by Elsevier Editora Ltda. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

Efeitos antimicrobianos do fentanil e da bupivacaina: estudo in vitro

Resumo

Objetivo: O objetivo do presente estudo foi comparar os efeitos antimicrobianos da bupivacaina
e citrato de fentanil e revelar o impacto no potencial do efeito antimicrobiano no caso de uso
combinado.

Desenho: Estudo prospectivo in vitro.

Local: Laboratorio de Microbiologia Clinica da Universidade.

Medidas: Em nosso estudo, os efeitos antimicrobianos in vitro do citrato de fentanil na
concentracdo de 0,05mg.mL" - Grupo F e da bupivacaina na concentracdo de 5mg.mL" -
Grupo B foram testados em culturas de Staphylococcus aureus ATCC 29213 (do inglés American
Type Culture Collection 29213), Pseudomonas aeruginosa ATCC 27853, Klebsiella pneumoniae
ATCC 13883, Escherichia coli ATCC 25922 e Candida albicans ATCC 10231. As culturas de S. aureus
ATCC 29213, P. aeruginosa ATCC 27853, Klebsiella pneumoniae ATCC 13883 e Escherichia coli
ATCC 25922 foram semeadas em placas de agar Mueller Hinton (Oxoid, Reino Unido), e a cul-
tura de Candida albicans ATCC 10231 foi realizada em placa de agar Sabouraud dextrose (Oxoid,
Reino Unido) durante 18—24 horas a 37 °C.

Principais resultados: Com relacdo ao diametro da zona de inibicdo, os valores de S. aureus
ATCC 29213, P. aeruginosa ATCC 27853 e C. albicans ATCC10231 obtidos apo6s 12 e 24 horas
de incubacao foram significantemente maiores no Grupo F do que no Grupo B (p< 0,001). Os
valores do diametro da zona de inibicdo das culturas de E. coli ATCC 25922 e K. pneumomiae
ATCC 13883 obtidos apds 12 e 24 horas de incubacao foram significantemente maiores no Grupo
B do que no Grupo F (p < 0,001, E. coli na 122 hora p= 0,005)

Conclusoes: A preferéncia atual e frequente pela adicao de fentanil aos Anestésicos Locais (AL)
para a realizacao de anestesia regional se deve sobretudo a possibilidade de reducao da dose do
anestésico local, a melhora na qualidade da analgesia e a satisfacao do paciente. No entanto, ao
considerar estudos em que o fentanil antagonizou o efeito antimicrobiano dos AL, pode-se pen-
sar que esse fato contribua para aumento de complicacao infecciosa. O citrato de fentanil usado
em nosso estudo, contendo acido cloridrico e hidroxido de sddio como agentes conservantes,
ampliou o espectro de efeitos antimicrobianos dos AL, ndo teve efeito antagbnico e demon-
strou efeito antimicrobiano sinérgico contra a E. coli. Acreditamos que a adicao de fentanil aos
anestésicos locais traria importante contribuicdo na prevencao das crescentes complicacoes
por infeccao da anestesia regional.

© 2020 Sociedade Brasileira de Anestesiologia. Publicado por Elsevier Editora Ltda. Este € um
artigo Open Access sob uma licenca CC BY-NC-ND (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

complications such as nausea-vomiting, itching, sedation,
and delayed respiratory depression. Still, it provides better

Bupivacaine is a Local Anesthetic (LA) agent widely used postoperative analgesia and patient satisfaction.? There-

in epidural anesthesia and local surgery operations.”? Fen-
tanyl citrate is widely used in epidural anesthesia. Addition
of fentanyl in epidural anesthesia reduces the LA dose
and pain.? Addition of fentanyl citrate to LAs increases

fore, the addition of fentanyl citrate to LAs is controversial.
Today, regional anesthesia practices are becoming more
widespread while the consequent infection incidence is
reported to be increasing.* For this reason, utilizing the
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antimicrobial effect potential of the anesthetic agents to
be used in regional anesthesia might contribute to decreas-
ing infection incidence. While there are many studies in the
literature that include results inconsistent with one another
as to the antimicrobial effects of LAs, there are limited num-
ber of studies regarding the antimicrobial effects of fentanyl
citrate. The number of studies on the antimicrobial effects
of fentanyl + LA combinations is very low.>°

In this study, we aimed to compare the antimicrobial
effects of bupivacaine and fentanyl citrate and to reveal
the impact on antimicrobial effect potential in the case of
combined use.

Methods

Determination of in vitro antimicrobial effect

In our study, in vitro antimicrobial effect of 0.05mg.mL™"
fentanyl citrate (Talinat, Vem, Istanbul, Turkey), 5mg.mL"
bupivacaine (Marcaine, AstraZeneca PLC, England) were
tested against Staphylococcus aureusATCC 29213 (Ameri-
can Type Culture Collection), Pseudomonas aeruginosa ATCC
27853, Klebsiella pneumoniae ATCC 13883, Escherichia coli
ATCC 25922 and Candida albicans ATCC 10231 as Group F
(Fentanyl citrate), Group B (Bupivacaine). S. aureus ATCC
29213, P. aeruginosa ATCC 27853, Klebsiella pneumoniae
ATCC 13883 and Escherichia coli ATCC 25922 were cultured
onto Mueller Hinton agar (Oxoid, UK) plates and Candida
albicans ATCC 10231 were cultured onto Sabouraud dextrose
agar (Oxoid, UK) plates for 18—24hours at 37°C. Colonies
from these plates were suspended in sterile saline and a
0.5 McFarland turbidity standard suspension (correspond-
ing to 1.5 x 108 CFU.mL™") of each isolate was prepared.
Each labelled Mueller-Hinton and Sabouraud dextrose agar
(Oxoid, UK) plate was uniformly seeded with a test organ-
ism by means of sterile swab rolled in the suspension
and streaked on the plate surface. In vitro antimicrobial
activity of the 0.05mg.mL" fentanyl citrate, 5mg.mL"
bupivacaine were evaluated by disc diffusion method using
with determination of inhibition zones. Each sterile disc
(Merck, Germany) was impregnated with drugs (bupivacaine
and/or fentanyl) and was placed and incubated on Mueller-
Hinton Agar for 24 hours at 37 °C. The zone of inhibition was
measured in the 12" and 24"hour. Each experiment was
performed ten times.

Determination of Minimum Inhibitory
Concentration (MIC) and Minimal Bactericidal
Concentration (MBC)

The broth microdilution method was used to determine the
Minimum Inhibitory Concentration (MIC) values on Mueller
Hinton broth (Oxoid, UK) using 96-well microplates in accor-
dance with the Clinical and Laboratory Standards Institute
guidelines.” In this study, the anesthetic agents were pre-
pared by two-fold serial dilution in Mueller Hinton broth, and
20, 10, 5, 2.5, 1.25, 0.625, 0.312, 0.156 and 0.078 mg.mL""
concentrations of anesthetic agents of fentanyl citrate and
bupivacaine were tested. The appropriate concentration of
drug was added to the specific wells of a 96-well microplates

containing each bacterium from overnight culture. Each test
was performed three times. Microwell plates were incu-
bated at 37°C in a microplate incubator shaker. The OD600
(wavelength of 600 nm) was measured after 24-hour incu-
bation by using Epoch spectrophotometer (BioTek Inst. Inc.
Vermont, USA). Wells without anesthetic agents were used
as growth control and wells with Mueller Hinton broth alone
served as negative control. The percentage of viable cells
was normalized to 100% for the growth control.?

To determine the Minimal Bactericidal Concentration
(MBC), each well exhibiting no visible growth (viability) after
18 hours was tested for viable organisms by subculturing
10wl samples of each well onto Mueller-Hinton agar. The
plates were incubated at 37 °C to observe the growth of any
colony after 24 hours.’

Determination of drug interaction via broth
microdilution method

Fentanyl citrate (F) and bupivacaine (B) combinations were
diluted in Mueller-Hinton broth with or without S. aureus
ATCC 29213, K. pneumoniae ATCC 13883, E. coli ATCC 25922,
P. aeruginosa ATCC 27853 and C. albicans ATCC 10231 which
were adjusted to the turbidity of a 0.5 McFarland standard.
Ten microliters of each strain were inoculated to each well.
The plate was incubated overnight and microbial growth
in each well was measured with Epoch spectrophotometer
(Biotek, Germany) at 600nm. Each experiment was per-
formed ten times. The preparation of the microdilution in
microwells with single agent concentrations of the analgesic
to determine the Minimum Inhibitory Concentration (MIC),
control wells and paired combinations of the drugs were
used in unique concentrations to determine the Fractional
Inhibitory Concentration (FIC). The value of the ) FIC index
is then used to determine whether synergism, indifference
or antagonism occurred between the antimicrobial agents
and it was used to interpret the nature of the interactions:
synergism < 0.5, indifference > 0.5 to < 4, antagonism > 4
according to American Society of Microbiology.’

Statistical analysis

The normality of continuous variables was investigated by
Shapiro-Wilk’s test. Descriptive statistics were presented
using mean and standard deviation for normally distributed
variables and median (and minimum—maximum) for the
non-normally distributed variables. Non-parametric statis-
tical methods were used for values with non-normal. For
comparison of two non-normally distributed independent
groups, Mann-Whitney U test was used or for comparison
of two non-normally distributed dependent groups Wilcoxon
test was used. Statistical significance value was deter-
mined to be 0.05. Post hoc evaluations were made using
Mann-Whitney U test with Bonferroni correction. Statistical
significance value was determined to be 0.005. Statisti-
cal analysis was performed using the MedCalc Statistical
Software version 12.7.7 (MedCalc Software bvba, Ostend,
Belgium; http://www.medcalc.org; 2013).
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Table 1

Distribution of inhibition zone diameters in groups against microorganisms (mm).

S. aureus ATCC 29213

12% hour 0.00 14.10 4.00
24 hour 0.00 15.00 4.70
P. aeruginosa ATCC 27853

12% hour 0.00 4.40 0.00
24" hour 0.00 5.50 0.00
E. coli ATCC 25922

12% hour 0.00 3.60 4.80
24 hour 0.00 4.40 5.80
K. pneumoniae ATCC 13883

12% hour 0.00 0.00 5.70
24 hour 0.00 0.00 6.50
C. albicans ATCC 10231

12% hour 0.00 4.00 0.00
24 hour 0.00 4.50 0.00

Table 2 Comparison of inhibition zone diameters between groups.

S. aureus 12" hour 0 (constant) 14.1+0.7 14 (13—15) 4+0.7 4 (3-5) < 0.001
S. aureus  24™ hour 0 (constant) 154+0.8 15 (14—-16) 4.7+0.75 (4-6) < 0.001
p° 1.000 0.021 0.059

P. aeruginosa 12t hour 0 (constant) 4.4+0.7 4 (4-6) 0 (constant) < 0.001
P. aeruginosa 24t" hour 0 (constant) 5.5+0.7 6 (4-6) 0 (constant) < 0.001
p° 1.000 0.015 1.000

E. coli 12" hour 0 (constant) 3.6+0.7 3.5 (3-5) 4.8+0.85 (4-6) 0.005
E. coli 24™ hour 0 (constant) 4.4+0.54 (4-5) 5.8+0.6 6 (5-7) < 0.001
p° 1.000 0.033 0.008

K. pneumoniae12™ hour 0 (constant) 0 (constant) 5.7+0.9 6 (4-7) < 0.001
K. pneumoniae24®™ hour 0 (constant) 0 (constant) 6.5+0.7 7 (5-7) < 0.001
p° 1.000 1.000 0.005

C. albicans 12t hour 0 (constant) 4+0.8 4 (3-5) 0 (constant) < 0.001
C. albicans 24™ hour 0 (constant) 4.5+0.5 4.5 (4-5) 0 (constant) < 0.001

b

1.000

0.096

1.000

p

@ Mann-Whitney U test.
b Wilcoxon Signed Rank test.

Results

Distribution of inhibition zone diameters in groups against
microorganisms (mm) were shown in Table 1.

In terms of inhibition zone diameters, S. Aureus ATCC
29213, P. aeruginosa ATCC 27853, and C. albicans ATCC 10231
values obtained after 12 and 24 hours of incubation were
significantly higher in Group F than Group B (p< 0.001).
Statistically, fentanyl citrate was detected to have stronger
antimicrobial effect on S. Aureus ATCC 29213, P. aerugi-
nosa ATCC 27853, and C. albicans ATCC 10231 compared to
bupivacaine. In terms of inhibition zone diameters, E. coli
ATCC 25922, and K. pneumoniae ATCC 13883 values obtained
after 12 hours and 24 hours of incubation were significantly
higher in Group B than Group F (p< 0.001, E. coli 12 hour
p= 0.005). Statistically, bupivacaine was detected to have
stronger antimicrobial effect on E. coli ATCC 25922, and K.
pneumoniae ATCC 13883 compared to fentanyl citrate. From

12t hour to 24™hour, inhibition zone diameters were deter-
mined to show a statistically significant increase against S.
Aureus ATCC 29213, P. aeruginosa ATCC 27853, and E. coli
ATCC 25922 in Group F and E. coli ATCC 25922 and K. pneu-
moniae ATCC 13883 in Group B (p< 0.05). Comparison of
inhibition zone diameters between groups were shown in
Table 2.

According to 12 and 24™ hours inhibition zone, diam-
eters in Group F were significantly different (p< 0.001).
Twelfth and 24"hours antimicrobial potency in Group F; S.
Aureus ATCC 29213 > P. aeruginosa ATCC 27853 = C. albi-
cans ATCC 10231 > E. coli ATCC 25922 > K. pneumoniae ATCC
13883. According to 12" and 24™ hours inhibition zone diam-
eters in Group B were significantly different (p< 0.001).
Twelfth and 24™ hours antimicrobial potency in Group B;
K. pneumoniae ATCC 13883 = E. coli ATCC 25922. K. pneu-
momiae ATCC 13883 > S. Aureus ATCC 29213 > P. aeruginosa
ATCC 27853 = C. albicans ATCC 10231. E. coli ATCC 25922 =S.
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Table 3 ZFIC index for drug combinations against stan-
dard strains in vitro.

S. aureus ATCC 29213

12% hour 0.61
24t hour 0.64
P. aeruginosa ATCC 27853

12% hour 0.65
24t hour 0.61
E. coli ATCC 25922

12% hour 0.38
24t hour 0.36
K. pneumoniae ATCC 13883

12% hour 0.75
24t hour 0.65
C. albicans ATCC 10231

12% hour 0.51
24t hour 0.51

Aureus ATCC 29213 > P. aeruginosa ATCC 27853 = C. albicans
ATCC 10231.

When the effect of fentanyl citrate + bupivacaine combi-
nation on microorganisms was examined, it was determined
that according to FIC value it only had synergistic effect
on E. coli, while it did not have any synergistic effect on
other microorganisms. Fractional Inhibitory Concentration
(FIC) values in Group BF were shown in Table 3.

Distribution of MIC values and the effect of different
concentrations of anesthetic agents against microorganisms
were shown in Table 4.

Discussion

Local and regional anesthesia practices are frequently used
during or after surgery for pain management. '’ It is reported
in the clinical studies in the literature that addition of fen-
tanyl to LAs results in better postoperative analgesia, a
decrease in local anesthetic dose, and an increase in patient
satisfaction only if neuraxial anesthesia is performed.>*!
Therefore amide LA agents such as bupivacaine, levobupi-
vacaine, and ropivacaine are widely used in practice for
pain management in spinal and epidural applications com-
bined with opioids such as fentanyl and sufentanyl.* This is
reported to reduce side effects related to LAs, as well as
negligible side effects related to opioids.>* These results
in the literature increase the preference for the use of the
combined drugs application in practice.

One of the complications encountered during local surgi-
cal with local anesthetics operations is wound infections.
Wound infections negatively affect wound healing. This
leads to an increase in treatment costs, morbidity and
mortality.! In the literature, many cases were reported
where regional (spinal, epidural) anesthesia and analge-
sia applications related central nervous system infections
such as epidural abscess and meningitis developed.®> ">~ It
is known that central nervous system infections can result
in severe morbidity that extends to paraplegia. Therefore,

it is of utmost importance in the clinical practice to uti-
lize antimicrobial effect potentials of LAs, as well as paying
attention to asepsis rules in order to prevent LA application
related wound infections and central nervous system infec-
tions. Thus, a decrease in morbidity, mortality, treatment
costs and hospitalization durations may be obtained.-"?

Regional anesthesia is widely used in modern practice
and some studies report an increase in the development
of infections related to regional anesthesia and anal-
gesia applications.*>10.13:1¢ Therefore, utilization of the
antimicrobial effect potentials of anesthetic agents gains
importance, aside from paying attention to asepsis rules dur-
ing the application. It is observed in this context that the
number of studies in the literature regarding the antimi-
crobial effects of fentanyl+LA combinations is limited.>®
In these studies of limited number, it is reported that the
addition of fentanyl citrate usually has a negative effect
on the antimicrobial effect potentials of the LAs.> In our
study, however, different from the results of the studies in
the literature, no antagonistic effect was observed in the
antimicrobial effectiveness of bupivacaine with the addition
of fentanyl on five different microorganisms. It was detected
that it even had a synergistic effect on E. Coli. Also, it was
determined that when used alone, bupivacaine did not have
antimicrobial effect on P. aeruginosa, C. albicans and fen-
tanyl on K. pneumoniae, and therefore it was thought that a
better contribution to decreasing the infection risk might be
achieved with the combined use of these agents as the effect
spectrum broadens. In the in vitro study by Mutlu E.,* lido-
caine and bupivacaine were reported to have antimicrobial
effect against many microorganisms while no antimicrobial
effect was observed when they were combined with fen-
tanyl. By contrast, no antagonistic effect was observed in
our study for any microorganism with the addition of fen-
tanyl to bupivacaine. In fact, a synergistic effect against
E. coli was detected. Therefore, broadening of the antimi-
crobial effect spectrum of bupivacaine was contributed with
the addition of fentanyl. It was concluded that this might
contribute to reduction in infection complications.

The antimicrobial effect of fentanyl is not clearly known
and there is a limited number of studies." In the study by
Feldman et al.," it was reported that lidocaine and bupi-
vacaine had antimicrobial effect against S. Aureus; yet, did
not have antimicrobial effect when fentanyl and sufentanyl
was added. In the study by Rosenberg et al.,'® opioids were
reported to not have antimicrobial effects. In the study by
Tamanai-Shacoori et al.," the addition of sufentanyl was
reported to increase the antimicrobial effect of bupiva-
caine. In the study by Kampe et al.,?° it was concluded
that the antimicrobial effect increased with the addition
of sufentanyl to ropivacaine. In another study in the litera-
ture, it was reported that remifentanil, which is an analogue
of fentanyl, had antimicrobial effect and this effect might
be due to the preservative substance in the remifentanil
ampoule, glycine.”" When the studies in the literature are
analyzed, it can be seen that effects of the addition of opi-
oids to LAs are debated and there isn’t a sufficient number
of studies. It is seen that opioids other than fentanyl have
antimicrobial effect by themselves in some studies or have
synergistic antimicrobial effect when added to LAs in some
studies. However, fentanyl addition was reported to have
antagonistic effect.
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Table 4 Distribution of MIC values and the effect of different concentrations of anesthetic agents against microorganisms.

S. aureus ATCC 29213 + + + + + + -a - -
P. aeruginosa ATCC 27853 + + + + + + ¥ a
E. coli ATCC 25922 + + + + + + -
K. pneumoniae ATCC + + + + + + +
13883
C. albicans ATCC 10231 + + + + -a - - - -
Bupivacaine (mg. mL") 0.078 0.156 0.313 0.625 1.25 2.50 5.00 10.00 20.00
S. aureus ATCC 29213 + +
P. aeruginosa ATCC 27853 + + + + + + + + +
E. coli ATCC 25922 + + + + + + + . a
K. pneumoniae ATCC + + + + + + + + a
13883
C. albicans ATCC 10231 + + + + + + ¥ + +
Fentanyl citrate 0.078 0.156 0.313 0.625 1.25 2.50 5.00 10.00 20.00
(mg. mL") + bupivacaine
(mg. mL")
S. aureus ATCC 29213 + + + + + + a _
P. aeruginosa ATCC 27853 + + + + + + + a
E. coli ATCC 25922 + + + + + " _a _ _
K. pneumoniae ATCC + + + + + + + + a
13883
C. albicans ATCC 10231 + + + + + -2 - - -

@ MIC values.

In contrast with the studies in the literature, it was
determined in our study that fentanyl addition did not
have antimicrobial antagonistic effect on any microorgan-
ism while it had synergistic effect against E. Coli. The results
obtained in our study suggest that the bupivacaine + fentanyl
combination that is used widely due to its stronger anal-
gesic effect and higher patient satisfaction, can be preferred
safely as it will reduce the risk of infection development.
The fact that fentanyl citrate had antimicrobial effect in our
study in contrast with the others in the literature, whether
used by itself or combined, it was regarded to be related to
sodium hypochloride and sodium hydroxide that are added
to fentanyl citrate as protectives because hydrochloric acid
and sodium hydroxide are known to have strong antimicro-
bial effect.?>23

Conclusion

The addition of fentanyl to LAs is often preferred in regional
anesthesia applications in today’s practice owing espe-
cially to its effect on decreasing the local anesthetic dose
and increasing analgesia quality and patient satisfaction.
However, when the fact that fentanyl antagonized the
antimicrobial effects of LAs in the studies is taken into
account, it might be though that it contributes to an increase
in infection complications. When the fact that fentanyl cit-
rate, which was used in our study and included hydrochloric
acid and sodium hydroxide as protective agents, broadened
the antimicrobial effect spectrum of LAs, had no antago-
nistic effect and showed a synergistic antimicrobial effect
against E. Coli is considered, we are of the opinion that the
addition of fentanyl to LAs would contribute significantly

in preventing the increasing regional anesthesia infection
complications. We think that the results of the study, sup-
ported by clinical studies, will contribute greatly to the
clinical practice.
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