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Abstract

Background: Local anesthetics (LAs) are widely used in medical practice. The
prevalence of LAs used has attracted attention with increasing reports of toxicity. To
our knowledge, there is no study that surveyed emergency medicine physicians (EMPs)
about local anesthetic systemic toxicity (LAST). We aimed to assess EMPs’ knowledge
and awareness of LAST. Methods: This was a cross-sectional questionnaire-based
study. EMPs working in the emergency department of a variety of hospitals (university,
training and research, public, private) in Turkey participated in the study via e-mail.
EMPs who did not use LAs and residents were excluded. The questionnaire was
sent to physicians via e-mail, and responses were analyzed. Results: A total of 178
EMPs participated in the study and 20.8% and 22.5% of respondents recognized all the
symptoms and treatment options of LAST respectively. About 4% had no knowledge on
intravenous lipid emulsion (ILE) treatment, 41.6% used ILE treatment, and 42.1% were
correct in the treatment dose of ILE. A significant correlation was found between the type
of hospital and related training and the correct response of the ILE dose. Participants
working at a university hospital had significantly higher correct answers (58.3%) on
the treatment dose of ILE, but the correlation was weak (r: 0.165). Conclusion:
Although LAST might have high mortality and morbidity in emergency patients, the
level of EMPs’ knowledge and awareness of LAST is poor. The current training about
LAs should be increased and standardized. EMPs should be encouraged to use ILE if

indicated.
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1. Introduction

Local anesthetics (LAs) cause temporary loss of sensation in
the applied area and make the procedure comfortable for both
the patient and physician. LAs are widely used in many clinical
situations and side effects and toxicity are also common. In the
1880s, with the introduction of cocaine into clinical practice,
local anesthetic systemic toxicity (LAST) were first reported.
Guidelines published in 2010 by The American Society of
Regional Anesthesia and Pain Medicine and the Association
of Anaesthetists of Great Britain and Ireland made recommen-
dations for LAST prevention, diagnosis, and treatment [1, 2].
In these guidelines, intravenous lipid emulsion (ILE) treatment
is a treatment recommendation.

LAST can cause mild and temporary symptoms but can
also lead to life-threatening conditions and death. The inci-
dence of LAST ranges from 1 to 111 cases per 10.000 [3].
Complications are more common in the pediatric and geriatric
age groups, those with liver or heart failure and those with
cardiac conduction disorders [2—4]. Dose reduction, test dose

administration, incremental injection, negative aspiration, pre-
ferring less toxic agents, and ultrasound-guided intervention
are recommended to avoid LAST [2, 3].

LAST is usually diagnosed by recognizing the clinical con-
ditions seen after drug administration because LAs blood levels
cannot be measured in most clinics [3]. The effects on the
cardiovascular system (hypertension, tachycardia, ventricular
arrhythmias, hypotension, bradycardia, conduction disorders,
and asystole) following central nervous system effects (audi-
tory disturbances, circumoral numbness, metallic taste, agita-
tion, seizures, and coma) constitute the typical presentation of
LAST [2, 3]. However, it has been reported that 40% of cases
may involve atypical presentations [2]. Also, approximately 1
in 3 LAST cases are associated with brain injury and death [5].
Airway management and oxygenation to protect the patient
from hypoxia and acidosis are essential. Benzodiazepines
(lipid emulsion or small doses of propofol if benzodiazepines
are not available) are recommended if seizures occur [2]. Also,
it is recommended that ILE treatment should be started as soon
as the first signs of LAST are seen [1-4].
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TABLE 1. Demographic data and responses to the use of local anesthetics.

Female, n (%)

Age (years), median (min-max)

Total working time in ED (years), median (min-max)

Total working time as a specialist (years), median (min-max)

Institution type, n (%)

Public hospital

Training and Research hospital
University hospital

Private hospital

Use of local anesthetics, n (%)
Lidocaine

Prilocaine

Bupivacaine

Lidocaine + Prilocaine
Lidocaine + Bupivacaine
Lidocaine + Prilocaine + Bupivacaine
Alone

With adrenaline

Alone and with adrenaline
Intravenous

Subcutaneous

Intramuscular

Topical

Intranasal

Intraarticular

Minor procedure

Regional block

Every day

> 2/week

1/week

1/month

< 12/year

Interventions to prevent toxicity, n (%)
Ultrasound guided

Negative aspiration

Test dose

Incremental injection

With adrenaline

Nothing

ED: Emergency department.

Every LA procedure carries the risk of LAST. The frequency
of LAs usage in busy clinics, such as emergency departments,
is high. To our knowledge, there are no previous studies that
have evaluated the knowledge and awareness of emergency
medicine physicians (EMPs) about LAST. The primary objec-
tive of this study is to assess EMPs’ level of knowledge and

68 (38.2)

36 (30 - 63)
10 (3 - 35)
4(1-25)

67 (37.6)
60 (33.7)
36 (20.2)
15 (8.4)

141 (79.2)
161 (90.4)
25 (14.0)
101 (56.7)

2(1.1)
23 (12.9)

165 (92.7)
51(28.7)
38 (21.3)
23 (12.9)
149 (83.7)
46 (25.8)
92 (51.7)

12 (6.7)
14 (7.9)

178 (100.0)
87 (48.9)
108 (60.7)
40 (22.5)
23 (12.9)

5(2.8)
2(1.1)

29 (16.3)
105 (59.0)
10 (5.6)
56 (31.5)
13 (7.3)
41 (23.0)

awareness of LAST.

2. Methods
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TABLE 2. Recognition of symptoms and treatment options of LAST by EMPs.
Symptoms of LAST, n (%)

Allergy/Anaphylaxis 142 (79.8)
Metalic taste 76 (42.7)
Circumoral numbness 94 (52.8)
Dizziness 96 (53.9)
Tinnitus 81 (45.5)
Loss of consciousness 133 (74.7)
Seizure 115 (64.6)
Arrhythmia 162 (91.0)
Hypotension 163 (91.6)
Cardiovascular collaps 157 (88.2)
Recognizing all the symptoms of LAST 37 (20.8)
Treatment options of LAST, n (%)

Symptomatic 145 (81.5)
Antihistamines 99 (55.6)
Methylene blue 77 (43.3)
ILE 139 (78.1)
Resuscitation 132 (74.2)
Recognizing all treatment options of LAST 40 (22.5)

LAST: Local anesthetic systemic toxicity, ILE: Intravenous lipid emulsion, EMPs: Emergency Medicine
Physicians.

TABLE 3. The relationship between correct answers and type of hospital, frequency of LAs usage and educational

status.
LAST symptoms LAST treatment ILE dose
c! P C? P c? p
Instution type, n (%)
Public 15(22.4) 0306 17(254) 041 20(29.9) 0.024
Training and Research 13 (21.7) 13 (21.7) 29 (48.3) 0.165%*
University 4 (11.1) 5(13.9) 21 (58.3)
Private 5(33.3) 5(33.3) 5(33.3)
Frequency of LAs use, n (%)
Everyday 18 (16.7) 0.374 20(18.5) 0.217 48 (44.4) 0.811
2/w 11 (27.5) 13 (32.5) 17 (42.5)
1/w 6 (26.1) 6 (26.1) 7 (30.4)
1/m 2 (40.0) 0(0.0) 2 (40.0)
<12/y 0 (0.0) 1 (50.0) 1 (50.0)
Education on LAs, n (%)
Yes 21(23.6) 0453 22(24.7) 0.724 44(49.4) 0.142
No 9(22.0) 9 (22.0) 14 (34.1)
Do not remember 7 (14.6) 9 (18.8) 17 (35.4)

*Spearman correlation coefficient, p<0.05 was significantly different, LAs: Local anesthetics, LAST: Local
anesthetic systemic toxicity, ILE: Intravenous lipid emulsion, C: Correct, C*: Recognizing all the symptoms of
LAST, C?: Recognizing all treatment options of LAST, C3: 1.5 ml/kg IV bolus and 0.25 ml/kg/min IV infusion.

2.1 Study Design working in the emergency department (ED) between 1 April

This was a cross-sectional questionnaire-based study. After the 2019 and 31 August 2019 were included. Informed consent

approval of the local ethics committee (2019/143), physicians
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for the study was obtained. Physicians who did not use LAs in
their daily practice and residents were excluded from the study.
The questions were selected after a review of the literature
and were based on similar studies [6—9]. The questionnaire
was designed in 3 sections. Section 1 included demographic
information, institution information, and years of professional
experience. Section 2 asked about LA usage practices, fre-
quencies, and interventions preferences to prevent toxicity.
In section 3 knowledge and experiences in the diagnosis and
treatment of LAST and ILE treatment were questioned. The
questionnaire form was piloted with 20 EMPs to evaluate scope
and clarity and minor changes were made. The responses of
these 20 participants were not included in the analysis.

2.2 Data Collection

Taking Karasu et al.’s study as a reference, the sample size was
calculated as 162 with the use of an 80% power and o = 0.05
[6]. Questionnaire forms were sent to 690 physicians by e-
mail, and responses were received from 297 physicians. A total
of 119 were excluded (59 EMPs who did not use LAs and 60
residents). A total of 178 EMPs’ responses were recorded and
analyzed. The flow diagram of the study was shown in Fig. 1.

2.3 Data Analysis

Descriptive statistics were presented in numbers and percent-
ages. Numerical variables were summarized with mean +
standard deviation or median (min-max). Pearson’s chi-square
test and Fisher’s exact test (when the expected number was less
than 5) were used for categorical variables. Statistical analyses
were performed using IBM SPSS for Windows version 21. p
< 0.05 was considered significant.

3. Results

A total of 178 responses were included in the study. The
median age of the participants was 36 (30 - 63), and 68 (38.2%)
were women. A total of 64.6% of the participants were in the
first five years of practice. Demographic information and LAs
usage practices of the participants are shown in Table .

A total of 10 (5.6%) of the participants answered all of the
questions about LAST symptoms, treatment, and ILE dose
correctly. For LAST symptoms and treatment the number of
participants who answered correctly were 37 (20.8%) and 40
(22.5%) respectively. Thirty-two (18%) of the participants
previously encountered LAST, and 157 (88.2%) said they
could treat LAST. Also, 136 (76.4%) responded that they
knew how to administer LAST treatment. While the success
rates and LAST experience were low, the self-confidence of
the EMPs about LAST treatment was higher. Also, there
was no significant relationship between years of professional
experience or years of experience as a specialist and knowing
LAST symptoms, treatment, and ILE treatment dose correctly
(p > 0.05). The responses of EMPs regarding which symptoms
they consider as LAST symptoms and which drugs should be
used in the treatment of LAST are shown in Table 2.

There was a significant relationship between the type of
hospital in which the participants worked and the correct re-
sponse to the treatment dose of ILE (p = 0.024). The partici-
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pants working at University or Training and Research hospitals
had higher correct answers to the ILE treatment dose, but
the correlation was weak (r: 0.165). Only 89 (50%) of the
participants stated that they received training on LAs. The rates
of participants who received training on LAs were 30 (44.8%)
for the public hospitals, 28 (46.7%) for training and research
hospitals, 27 (75.0%) for university hospitals, and 4 (26.7%)
for private hospitals. There was a significant relationship be-
tween the type of hospital in which the participants worked and
having been educated about LAs (p = 0.011). The relationship
between the type of hospital, frequency of LAs use, education
level, and correctly answered questions are shown in Table 3.

The majority of the participants, 124 (69.7%) did not calcu-
late the pre-procedure dose and 120 (67.4%) did not calculate
the pre-procedure doses in patients with additional comorbid-
ity. A total of 74 (41.6%) of the participants did not know
the max dose of LAs that they used, and 59 (33.1%) did not
know the dosage and concentration of the LA drug. A total
of 41 (23%) of the participants did not take any precautions
to prevent toxicity, and 130 (73%) did not discuss the risks
associated with LAST with their patients before the procedure,
or obtain informed consent.

For the questions about ILE treatment, 142 (79.8%) of the
participants stated that ILE treatment could be used in LAST
treatment, 73 (41.0%) stated that they have ILE in their clinics,
and 96 (53.9%) stated that their hospital pharmacies have ILE.
The remainder said ILE is not available in their clinics and
pharmacies, or they don’t know. The answers to the questions
about ILE treatment are shown in Table 4.

4. Discussion

This study found a low level of knowledge and awareness
of LAST among EMPs. Only 20.8% of the participants an-
swered all the symptoms of LAST correctly. Life-threatening
conditions are identified to a great extent, but early signs of
LAST are less well recognized. Similarly to Collins, Karasu
et al., and Urfalioglu et al.’s studies, we found higher rates
of arrhythmia, hypotension, and cardiovascular collapse for
LAST symptoms [6, 9, 10]. A large number of participants
recognized LAST treatment options but only 22.5% correctly
answered all of the questions related to treatment options.
This implies a severe problem with the early diagnosis of
LAST and the immediate initiation of treatment for potentially
life-threatening conditions. Compared to Karasu et al. and
Urfalioglu et al.’s studies, Nonetheless, the number of par-
ticipants who correctly answered questions about symptoms
and treatment options were higher than in other published
studies [0, 9]. Most of the toxicology cases are seen in the
ED compared to other departments that may account for higher
knowledge and awareness [11—13]. EMPs’ correct response
rates were higher than other studies, but still disappointing.
Similar to our study, studies by Urfalioglu et al. and Karasu
et al. showed no significant difference between the years of
professional experience and training [6, 9]. They found a low
level of knowledge and awareness, similarly to our study. The
majority (64.6%) of the participants in this study were in the
first five years of their practice, while almost half had more
than ten years of experience in Oksuz et al.’s study [7]. Also,
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TABLE 4. Responses to ILE treatment.

Have you heard of ILE treatment? n (%)

Never heard of it

I have heard of it but I can’t recall

I have read a scientific paper on it

I know when and how it is used

ILE treatment dose, n (%)

1.5 ml/kg IV bolus, 0.25 ml/kg/min IV infusion

Have you ever used ILE? n (%)

No

Yes, I have used to treat LAST

Yes, I have used to treat another toxicity except LAST
Yes, I have used to treat both LAST and another toxicity

ILE: Intravenous lipid emulsion, LAST: Local anesthetic systemic toxicity.

7(3.9)
26 (14.6)
41 (23.0)
104 (58.4)

75 (42.1)

104 (58.4)
16 (9.0)

64 (36.0)
6 (3.4)
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in our study, no significant relationship was found between
total working time in the ED, duration of work as a specialist,
and correct response to recognizing the symptoms, treatment
options, and treatment dose of ILE. We conclude that the years
of experience in ED do not contribute to LAST knowledge
levels, awareness, and training.

Training on LAs in university hospitals was higher than in
other hospitals. We found a significant correlation between the
type of hospital and training and answering the dose of ILE
correctly. This result can be explained by the fact that severe
LAST cases are frequently referred to university hospitals, as
tertiary care hospitals. Also, ILE treatment is used to treat other
severe toxicity cases that adds to experience and knowledge.
Also, continuing medical education in university hospitals is
more widely available and can account for these differences.

As in our study, Karasu et al. and Urfalioglu et al.’s
studies showed that the participants most frequently use LAs
“Every day”, and that training rates are low 19.8% and 28.8%,
respectively [6, 9]. However, EMPs are using more LAs,
receiving more training, and answering the LAST symptoms,
treatment, and ILE dose correctly more often. Although educa-
tion is essential for LAST, we found no significant relationship
between training status or the frequency of use of LAs and
correctly answering the LAST symptoms, treatment, and ILE
dose. We conclude that the duration, quality, and content of
the LAs training given in the national ED residency program
is not sufficient.

In the study by Karasu et al., the non-anesthesiology resi-
dents’ training rate related to LAST was found to be less than
that of anesthesiologists [6]. Also, in Sagir et al.’s study, they
report less knowledge and awareness for LAST among non-
anesthesiology residents. In our study, EMPs training rate was
higher than in other studies, but not sufficient. Every clinic
which uses LAs should learn and manage LAST, especially
the ED, because LAST cases will ultimately be referred to the
ED.

We found that LAs were mostly used as single agents with
bupivacaine the least preferred choice. This is in contrast to
Urfalioglu et al.’s study among ophthalmologists [9]. In ED
practice, minor short-term procedures were common (the LAs

usage rate for minor procedures was 100%). For this reason,
LAs agents which have a long duration of action, narrow
therapeutic window, and high risk of toxicity, like bupivacaine,
were chosen less by the EMPs. Also, the subcutaneous route
was the most common method similar to the findings in Karasu
et al.’s study [6].

When toxicity prevention methods are considered, in our
study and the study conducted by Sagir et al., negative as-
piration was the preferred method [8]. In contrast, other
protection methods were found to be preferred by Karasu et
al. and Urfalioglu et al.’s studies [6, 9]. The fact that negative
aspiration can be applied immediately at the bedside and does
not require an additional device or waiting time may be the
cause of this finding. Also, the self-confidence of the EMPs
was higher for LAST, and this may make them use prevention
methods less.

In a study by Oksuz et al., 54.1% and 50.9% of dentists
stated that they knew the LAs dose they used and the max
dosage of LAs, respectively [7]. In our study, it was 66.9%
and 58.4%, respectively. Although the basic pharmacology
courses of the medical and dental faculties are similar, the
clinical training may be different. Also, dentists generally use
small doses in a small area, and in Oksuz et. al.’s study, only
13% of them encounter LAST, which is less than EMPs [7].

The majority of the participants (73%) stated that they did
not discuss the risks associated with LAST with their patients,
and they did not obtain informed consent before the procedure.
If such communication were standardized, participants may
have more knowledge and awareness of LAST symptoms
and treatments. Also, not obtaining informed consent may
lead to some medico-legal issues for the EMPs. In Patel
et al.’s study, they found the procedure specific informed
consents were higher (56%) than our study, and they stated
that the procedure-specific patient education was not sufficient
in informed consent forms for lumbar puncture patients [14].
Similarly, in Shaker et al.’s study, they stated that the quality of
informed consent was in an undesirable condition [15]. In the
Gaeta et al.’s study, they reported that ED residents couldn’t
get formal training for informed consent [16]. We conclude
that the EMPs’ residency training may not be sufficient at
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Contact via e-mail
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FIGURE 1. Flow diagram of the study.
EMPs: Emergency medicine physicians, LAs: Local anesthetics.

highlighting the importance of informed consent.

The rate of participants who answered as “Never heard of
ILE treatment” in Oksuz et al., Karasu et al. and Urfalioglu
et al.’s studies were 67.3%, 67.4%, and 65%, respectively
[6, 7, 9]. In our study, this rate was 3.9%. We found, 42.1% of
the respondents answered the treatment dose of ILE correctly,
while this rate was found to be 3% in the survey conducted
by Collins. We determined that ILE usage rates were higher
than those compared to Urfalioglu et al.’s study [9]. These
results can be explained by the frequent use of ILE therapy in
LAST cases as well as other toxicity cases in ED practice. The
constant education about ILE treatment in toxicology lessons

also contributes to this result. The knowledge and awareness of
EMPs about ILE treatment were higher than other specialties,
but still low and disappointing.

5. Conclusion

The level of knowledge and awareness about LAST, which has
high mortality and morbidity, is too low among EMPs. Com-
pared to other studies in the literature, with other health care
providers, the level of knowledge and awareness of EMPs in
Turkey about LAST is higher, but still disappointing. Also, the
self-confidence about LAST is higher. All physicians should
inform patients about LAST before the procedure and take the
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necessary precautions and obtain informed consent. It should
be ensured that the required training activities in all institutions
are increased, and standardization and effectiveness of existing
training programs are guaranteed. ILE should be present in all
hospital pharmacies and used for the correct indications.

6. Limitations

This is a questionnaire-based study and depends on the partic-
ipants’ answers, with a large number of EMPs not responding.
Also, the participants were using LAs primarily for minor
procedures that need a lower dose. This may lead to less
knowledge and awareness about toxicity. Also, this study
aimed to evaluate the knowledge and awareness of EMPs on
LAST and knowledge about LAs was not a primary focus.
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