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ABSTRACT

Objective: Local anesthetic systemic toxicity (LAST) is a
rare but potentially life-threatening complication of local
anesthetic use. Despite its clinical importance, medical
specialists often have limited knowledge on this topic, and
structured training is rarely implemented. This study aimed
to evaluate the effectiveness of a brief, structured online
educational module in improving knowledge of LAST among
anesthesiology and intensive care specialists.

Methods: This cross-sectional pre-post study included
anesthesiology and intensive care specialists in istanbul.
Participants completed a 15-item multiple-choice knowledge
test before and after a short educational intervention.
The educational content, adapted from UpToDate®, was
presented as a two-page plain-text document designed for 3-4
minutes of reading. Wilcoxon signed-rank tests were used to
compare pre- and post-intervention scores, and multiple linear
regression was performed to identify predictors of baseline
knowledge.

Results: A total of 200 participants completed both
assessments. The mean knowledge score increased
significantly from 11.7+1.7 to 12.8+1.2 after the intervention
(p<0.001). Improvements were most notable in knowledge
of risk factors, prevention, and lipid emulsion therapy.
Regression analysis indicated that older age and prior LAST
training were negatively associated with baseline knowledge,
while anesthesiology specialization was a positive predictor.

6z

Amag: Lokal anestezik sistemik toksisitesi (LAST), lokal
anestezik kullanimina bagli nadir ancak potansiyel olarak
olimcdl bir komplikasyondur. Klinik dnemine ragmen tip
uzmanlarinin bu konudaki bilgi dizeyinin sinirli oldugu ve
yapilandirilmis editimlerin yaygin olmadigi bilinmektedir. Bu
calismada, anesteziyoloji ve yogun bakim uzmanlarinin LAST
konusundaki bilgi dizeyini artirmak amaciyla hazirlanan kisa
ve yapilandirilmis bir cevrim ici editim modulinin etkinliginin
degderlendirilmesi amaclanmistir.

Yontemler: Bu kesitsel 6ncesi-sonrasi tasarima sahip anket
calismasina, istanbul'da gérev yapan anesteziyoloji ve yogun
bakim uzmanlari dahil edilmistir. Katilimcilara, egitim oncesi
ve sonrasl 15 soruluk coktan se¢cmeli bilgi testi uygulanmustir.
Egitim icerigi, UpToDate® kaynaklarindan derlenmis olup,
sade metin formatinda ve 3-4 dakikalik okuma siresiyle
tasarlanmis iki sayfalik bir dokiiman olarak sunulmustur. EGitim
oncesi ve sonrasi bilgi puanlari Wilcoxon isaretli siralar testi
ile karsilastirilmis; baslangic bilgi dizeyini etkileyen faktorler
coklu dogrusal regresyon analizi ile degerlendirilmistir.

Bulgular: Toplam 200 katiimc her iki degerlendirmeyi
tamamlamistir. EGitim sonrasi ortalama bilgi puani anlamli
sekilde artmustir (6ncesi:  11,7+1,7; sonrasi: 12,8+1,2;
p<0,001). En fazla artis risk faktorleri, korunma stratejileri
ve lipid emdlsiyon tedavisine yonelik sorularda gorilmustar.
Regresyon analizinde, ileri yas ve daha 6nce LAST egitimi
almis olmak baslangic bilgi dizeyiyle negatif iliski gosterirken,
anesteziyoloji uzmanligi pozitif belirleyici olarak bulunmustur.
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ABSTRACT

Conclusion: A brief, focused online module significantly
improved LAST-related knowledge among anesthesiology and
intensive care specialists. These results emphasize the value
of targeted education in enhancing preparedness for rare but
critical complications in clinical practice.

Keywords: Local anesthetic systemic toxicity, anesthesiology,
intensive care, online education, knowledge level

Introduction

Localanesthetics (LAs) are widely used by anesthesiologists,
surgeons,emergency physicians, dentists,and other medical
specialists in routine clinical practice (1). Despite their
frequent use, awareness of LA systemic toxicity (LAST)—a
rare but potentially life-threatening complication—remains
limited (2-4). LAST can involve both the central nervous
and cardiovascular systems and may occur with any type or
route of LA administration (5,6).

Although the general safety of LAs is well-established,
systemic toxicity remains a risk, especially with high
doses, intravascular injection, or patient-specific factors
(7). Preventive strategies such as ultrasound-guided
administration have reduced the incidence of LAST, while
therapeutic advances like lipid emulsion (LE) therapy
have improved outcomes after toxicity occurs (4,7,8).
Early recognition is essential, but previous studies have
highlighted inadequate provider awareness, pointing
to a need for improved education on prevention and
management (2,4,9).

As clinicians directly responsible for administering LAs,
anesthesiologists and intensive care specialists play a
pivotal role in identifying and managing LAST. However,
studies assessing their specific knowledge are scarce (4,10).
In TUrkiye, a prior study evaluated physicians’ knowledge of
LAST and LE therapy, mainly among LA users, highlighting
importantknowledgegaps(11).Inonestudy,anesthesiology
trainees demonstrated good understanding of symptoms,
risk factors, LE therapy, and treatment protocols, though
educational gaps still existed (4). In contrast, other research
showed that physicians in non-anesthesiology specialties
were often unaware of guideline-based treatment and
LE use (2,12,13). These findings indicate a widespread
necessity for structured education on LAST.

The primary aim of this study was to evaluate the effect
of a brief, structured online educational module on the
knowledge levels of anesthesiology and intensive care
specialists regarding LAST. To our knowledge, this is among
the few studies assessing such an intervention among
experienced clinicians. The results are intended to support
targeted educational strategies and contribute to safer
clinical practices.

oz

Sonug: Kisa ve hedefe yonelik cevrim ici egitim moduld,
anesteziyoloji ve yogun bakim uzmanlarinin LAST konusundaki
bilgi dizeyini anlamli sekilde artirmistir. Bu sonuclar, nadir
ancak kritik toksik komplikasyonlara hazirlik acgisindan
yapilandirilmis egitimlerin 6nemini ortaya koymaktadir.

Anahtar Kelimeler: Lokal anestezik sistemik toksisite,
anesteziyoloji, yogun bakim, cevrim ici egitim, bilgi dizeyi

Methods
Study Design and Participants

This was a cross-sectional pre-post intervention study
conducted via an online survey among anesthesiology and
intensive care specialists working in istanbul. The survey
was distributed between February 14 and 22, 2025, via
digital messaging platforms. The STROBE checklist was
used to ensure reporting quality (14).

Ethics Approval and Consent to Participate

The study received ethical approval from the Non-
Interventional Clinical Research Ethics Committee of
istanbul Medipol University (decision no: 170, date:
06.02.2025) and written informed consent was obtained
from all participants. All procedures adhered to the
ethical standards and the principles of the 1964 Helsinki
Declaration and its later amendments.

Study Procedure

The study was implemented using a single Google Forms
link containing three sequential phases:

Pre-education Survey: A 15-item multiple-choice test
evaluating participants’ baseline knowledge of LAST.

Educational Material: A concise, two-page plain-text
summary adapted from the UpToDate® resource titled
Local Anesthetic Systemic Toxicity (accessed January 8,
2025). The educational material and the full knowledge
questionnaire were providedasSupplementary Files1and 2,
respectively. It covered key topics such as pathophysiology,
clinical signs, risk factors, prevention, management, and LE
therapy. Designed for 3-4 minutes of reading, the content
directly aligned with the test items.

Post-education Survey: The same 15-item test was
repeated to assess knowledge improvement.

Questionnaire Development

The guestionnaire was based on an extensive literature
review and UpToDate® content (1-3,6-8,15,16). A clinical
pharmacist and an intensive care specialist reviewed items
for relevance and clarity. English-Turkish back-translation
ensured linguistic accuracy.
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A pilot test-retest with 20 physicians not included in the
main study was conducted to evaluate internal consistency
and inter-rater agreement. The internal consistency of
the questionnaire, assessed using Cronbach’s alpha, was
calculated as 0.67. Although this value is considered
borderline, it may be explained by the multidimensional
nature of the questionnaire, which encompasses diverse
domains of LAST. Two independent raters scored the same
set of responses, and the item-level agreement showed
moderate concordance (Cohen’s kappa=0.588). A detailed
contingency table is provided in Supplementary File 3.

The survey had two sections:
Sociodemographic data (10 items)

Knowledge and self-evaluation on LAST management (5
items)

Knowledge test (15 items) divided into seven domains:
LAST mechanism (Q1,2)

Pathophysiology (Q3,4)

Epidemiology (Q5,6)

Risk factors and prevention (Q7,8)

Clinical fFeatures (Q9,10)

Management (Q11,12)

LE therapy (Q13-15)

Each correct answer was scored as 1 point; total scores
ranged from O to 15. Scores were categorized as low (0-5),
moderate (6-10), and high (11-15).

Inclusion and Exclusion Criteria

Inclusion criteria were active employment as an
anesthesiology or intensive care specialist in istanbul and
voluntary participation. Incomplete or duplicate responses
were excluded.

Sample Size

Based on the estimated number of anesthesiology and
intensive care specialists in istanbul (approximately 1,000),
the required sample size for a 95% confidence level and a
6% margin of error was calculated as 260. Although only 200
participants completed both the pre- and post-intervention
questionnaires, this sample size was considered sufficient
for within-subject statistical comparisons. A post-hoc power
analysis confirmed that the study retained high statistical
power (1-=0.999) for paired t-tests.

Statistical Analysis

Categorical variables were reported as frequencies and
percentages; continuous variables were expressed as
mean * standard deviation or median [interquartile range
(IQR)]. Continuous variables were evaluated for normality

using the Kolmogorov-Smirnov test and visual methods
(histograms and Q-Q plots). Mann-Whitney U and Kruskal-
Wallis H tests were used to compare baseline knowledge
scores across participant subgroups (e.g., specialty, gender,
years of experience). The Wilcoxon signed-rank test was
used to compare participants’ self-assessed knowledge
scores and objective knowledge test scores before and
after the educational intervention. Post-hoc power
analysis confirmed that the study had adequate power (1-
3=0.999) for within-subject comparisons based on paired
t-tests, despite the response rate not reaching the initially
projected level. Cronbach’s alpha and intraclass correlation
coefficient tested internal consistency and reliability.
Multiple linear regression identified predictors of baseline
knowledge scores using age, gender, specialty, workplace,
years of experience, and prior LAST training. A stepwise
method was used. Regression results included coefficients,
95% confidence interval (Cl), p-values, and R? values. A
p-value <0.05 was considered statistically significant.
Analyses were performed using SPSS v29.0 (IBM Corp.,
Armonk, NY, USA).

Results
Participant Characteristics

Out of 622 invited physicians, 200 completed both pre-
and post-intervention surveys (response rate: 32.1%). The
median participant age was 42 years (IQR: 38-47), and
49% were male. Most participants specialized in intensive
care (63.5%) and worked primarily in intensive care units
(71.5%). More than half (55.5%) had 6-15 years of clinical
experience. A total of 53.5% reported that their institutions
lacked a formal LAST protocol, while 19% were unsure of
whether such a protocol existed.

According to Table 1, 42.5% of participants reported using
LAs daily. A total of 51% had never encountered a case of
LAST in their clinical practice. Additionally, 47% had never
received formal training on the topic. The primary sources
of LAST-related knowledge were medical education (38%),
academic articles or books (34.5%), clinical experience
(14.6%), and in-service training or seminars (12.7%).

Self-assessed Knowledge

Participants’ self-ratings of their knowledge are shown in
Table 2. The majority of participants rated their knowledge
of clinical symptoms as good (38%) or moderate (31%),
while 13% considered their knowledge to be very good.
For LAST procedures, 28% selected “good” and 11% “very
good” for their knowledge of clinical symptoms. Regarding
LE therapy, 31% rated their knowledge as good and 11% as
very good.

EFfect of Educational Intervention

Following the intervention, participants showed
significant improvements in several areas (Table 3).
Notably, understanding that intramuscular injection does



Table 1. Demographic and professional experience regarding local anesthetic systemic toxicity

Total score Total score
Variables Total (n=200) (pre-education), median (post-education), P
(IQR) median (IQR)
Age, median (IQR) 42 (38-47) -
Gender, n (%)
Male 98 (49) 13 (11-13) 13 (12-14) 0.185
Female 102 (51) 12 (10-13) 13 (12-14)
Clinical expertise, n (%)
Intensive care medicine 127 (63.5) 12 (10-13) 13 (12-14) 0.012
Anesthesiology 73 (36.5) 12 (11-13) 13 (13-14)
Department, n (%)
Intensive care unit 143 (71.5) 12 (10-13) 13 (12-14) 0.064
Operating room 57 (28.5) 12 (11-13) 13 (12-14)
Total professional experience in the specialty
(years), n (%)
0-5 years 62 (31) 12 (11-13) 13 (12-14) 0748
6-10 years 72 (36) 12 (11-13) 13 (12-14) ’
11-15 years 34 (17) 12 (10-13) 13 (12-14)
216 years 32 (16) 12 (11-13) 13 (12-14)
Is there a protocol in your institution For the
management of LAST?, n (%)
Yes 55 (27.5) 12 (11-13) 13 (12-14) 0.011
No 107 (53.5) 12 (10-13) 13 (12-14)
I'am not sure 38 (19) 12 (10-13) 13 (12-14)
How often do you use local anesthetics?, n (%)
Daily 85 (42.5) 12 (11-13) 13 (12-14)
Weekly 62 (31) 11 (10-13) 13 (12-14) 0.105
Monthly 9 (4.5) 12 (10-13) 13 (12-14)
Rarely 44 (22) 12 (11-13) 13 (12-14)
How often do you encounter LAST cases?, n
(%)
I have never encountered 102 (51) 12 (11-13) 13 (12-14) 0.176
Rarely (1-2 times per year) 0 (0) -
Frequently (once a month or more) 98 (49) 12 (11-13) 13 (12-14)
Have you ever received education on LAST
management?, n (%)
Yes 106 (53) 12 (11-13) 13 (12-14) 0070
No 94 (47) 12 (11-13) 13 (12-14)

What is your source of information regarding
LAST management?, n (%)

Academic articles or books 130 (34.5)

Learning during medical education 143 (38) _
Through experience 55 (14.6)

In-service training or seminars 48 (12.7)

IQR: Interquartile range, LAST: Local anesthetic systemic toxicity
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Table 2. Self-assessment of knowledge and competence in the management of local anesthetic systemic toxicity among
participants

Competency area 1 , 2 . 3 4 (Good) 3
(Idon’t know at all) | (I know a little) (Moderate) (Very good)

LAST procedures, n (%) 16 (8) 33 (16.5) 73 (36.5) 56 (28) 22 (11)
LAST clinical symptoms, n (%) 6 (3) 30 (15) 62 (31) 76 (38) 26 (13)
Lipid emulsion therapy in LAST, n (%) 15 (7.5) 36 (18) 65 (32.5) 62 (31) 22 (11)
Cardiovascular supportin LAST, n (%) 10 (5) 25(12.5) 65 (32.5) 76 (38) 24 (12)
LAST: Local anesthetic systemic toxicity
Table 3. Assessment of correct response rates for survey questions on local anesthetic systemic toxicity

. Pre-education Post-education
Questions and answers (n=200) (%) (n=200) (%) P

Q1: What is the primary mechanism of local anesthetic systemic

toxicity (LAST)? 130 (65) 124 (62) 0.302
A: Blocking voltage-gated sodium channels.

Q2: What causes differences in the cardiotoxicity of local
anesthetics?

A: Protein binding capacities of drugs, pKa values of local anesthetics,
lipophilic properties of local anesthetics.

151 (75.5) 165 (82.5) 0.055

Q3: Which local anesthetic application method carries the highest
risk of LAST? 181 (90.5) 186 (93) 0.234
A: Intravenous injection.
Q4: In which situation does topical local anesthetic use pose the
highest toxicity risk? 23 (11.5) 21(10.5) 0.437
A: Application to mucosal surfaces.
Q5: Which of the following does NOT increase the risk of LAST?

S i 139 (69.5) 193 (96.5) <0.001
A: Intramuscular administration of local anesthetics.

6: In which patient group is LAST risk higher?

2: Patients wi?h renal Fgailurz, pregnantwomgen, elderly individuals. 191 (52 1265 (22) 0.031
Q7: Which of the following methods is not recommended for
preventing LAST? 182 (91) 193 (96.5) 0.018
A: Injection under deep sedation.
Q8: What method is recommended to ensure the safe administration
of local anesthetics?

o o , , 180 (90) 193 (96.5) 0.008
A: Slow and gradual injection, aspiration control, use of epinephrine
containing solution.

e .. . 5
Q9: whlch of thg following is NOT an early sign of LAST? 178 (89) 183 (91.5) 0.250
A: Urinary retention.
ST .. 5
Q10: Whlch of the Follpwmg is an.advancgd symptom of.LAST. 192 (96) 190 (95) 0.405
A: Ventricular arrhythmia, hypotension, respiratory depression.
. " . =
Q11: What sho'ul'd be.the flrst.step in LAS'I" management? 175 (87.5) 190 (95) 0.006
A: Oxygen administration and airway protection.
Q12: Which antiarrhythmic drug should be preferred during LAST?
‘ 150 (75) 191 (95.5) <0.001
A: Amiodarone.
Q13: What should be the initial dose of lipid emulsion therapy (lipid
rescue) for effective treatment in a patient weighing <70 kg? 142 (71) 196 (98) <0.001
A: 1.5 mL/kg.
Q14: Under what conditions should lipid emulsion infusion be
discontinued?
159 (79.5) 164 (82) 0.306

A: When cardiovascular stability is achieved, When seizures are completely
controlled, after the maximum dose (12 mL/kg) is administered.

Q15: What is the primary mechanism of lipid emulsion therapy in
LAST management? 173 (86.5) 183 (91.5) 0.075
A: Removing the local anesthetic from toxic areas.

A: Answer, Q: Question, LAST: Local anesthetic systemic toxicity



not increase LAST risk improved significantly (Q5, p<0.001).
Participants also demonstratedincreased awareness of safe
practices, including avoiding injection under deep sedation
(Q7, p=0.018) and applying slow, incremental injection with
aspiration and epinephrine use (Q8, p=0.008). LE-related
knowledge also improved: correct identification of the
initial LE dose (1.5 mL/kg) for patients <70 kg increased
significantly (Q13, p<0.001).

Knowledge Score Changes

As shown in Table 4, the proportion of participants who
answered all LE-related questions correctly (Q13-15)
increased from 47% to 73.5% post-intervention (p<0.001).
The total mean knowledge score improved from 11.7+1.7
to 12.8+1.2 (p<0.001). Before the intervention, 77% of

participants were classified as having high knowledge
levels, and 23% as moderate. After the intervention, 97%
reached high knowledge levels, with only 3% remaining in
the moderate group (p<0.001; Figure 1).

Regression Analysis

Multiple linear regression was used to identify predictors
of baseline knowledge (Table 5). The model was significant
[F (1,198)=4.921, p=0.028], with R2=0.024 and adjusted
R2=0.019. Older age was associated with slightly lower
scores (B=-0.035, 95% ClI: -0.069 to -0.002, p=0.038).
Anesthesiology specialization was a positive predictor
(B=0.576, 95% Cl: 0.065 to 1.087, p=0.027). Surprisingly,
prior LAST training was associated with lower baseline
scores (B=-0.554, 95% Cl:-1.047 to -0.062, p=0.028).

Table 4. Comparison of the total number of participants with correct answers before and after training across survey question

categories

Classification of questions Pre-education Post-education p
(n=200) (%) (n=200) (%)

LAST Mechanism (Q1 and 2)

0 20 (10) 15(7.5)

1 79 (39.5) 81 (40.5) 0376

2 101 (50.5) 104 (52)

Pathophysiology of LAST (Q3 and 4)

0 18 (9) 12 (6)

1 160 (80) 169 (84.5) 054

2 22 (11) 19 (9.5)

Epidemiology of LAST (Q5 and 6)

0 6(3) 2(1)

1 58 (29) 5(2.5) <0001

2 136 (68) 193 (96.5)

Risk factors and prevention of LAST (Q7 and 8)

0 4(2) 0(0)

1 30 (15) 14.(7) <0001

2 166 (83) 186 (93)

Clinical manifestations of LAST (Q9 and 10)

0 2 (1) 3(1.5)

1 26 (13) 21(10.5) 0618

2 172 (86) 176 (88)

Management of LAST (Q11 and 12)

0 8 (4) 2 (1)

1 59 (29.5) 15 (7.5) <0.001

2 133 (66.5) 183 (91.5)

Lipid emulsion therapy (Q13, 14 and 15)

0 2(1) 0(0)

1 16 (8) 4(2) <0.001

2 88 (44) 49 (24.5)

3 94 (47) 147 (73.5)

Total score, mean + SD 11.7£1.7 12.841.2 <0.001

Q: Question, LAST: Local anesthetic systemic toxicity, SD: Standard deviation
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Table 5. Multiple linear regression analysis of factors influencing baseline knowledge scores

Predictor B 95% Cl SE t p
Intercept 13.248 11.794 to 14.702 0.737 17.968 <0.001
Age -0.035 -0.069 to -0.002 0.017 -2.089 0.038
Gender -0.369 -0.865t0 0.126 0.251 -1.470 0.143
Female -0.369 -0.865t0 0.126 0.251 -1.470 0.143
Male Reference

Specialty 0.576 0.065 to 1.087 0.259 2.224 0.027
Intensive care Reference

Anesthesia 0.576 0.065 to 1.087 0.259 2.224 0.027
Department 0.402 -0.147 to 0.951 0.278 1.445 0.150
ICU Reference

Operating room 0.402 -0.147 to 0.951 0.278 1.445 0.150
Experience -0.024 -0.263t00.214 0.121 -0.200 0.841
Increasing experience -0.024 -0.263 t0 0.214 0.121 -0.200 0.841
Previous LAST training -0.554 -1.047 to -0.062 0.250 -2.218 0.028
Yes -0.554 -1.047 to -0.062 0.250 -2.218 0.028
No Reference

LAST: Local anesthetic systemic toxicity, Cl: Confidence interval, ICU: Intensive care unit, SE: Standard error

250

200 194

154
150

100

46
50

9 . 0 °
0 —

Pre-education Post-education

m Low knowledge level ®Medium knowledge level High knowledge level

Figure 1. Comparison of total knowledge level group scores
before and after education (p<0.001)

Discussion

This study evaluated the effectiveness of a brief educational
intervention on improving anesthesiologists’ and intensive
care specialists’ knowledge regarding LAST. The findings
demonstrated a significant increase in objective knowledge
scores following the intervention, particularly in areas
such as management of LAST and the use of LE therapy.
Although participants initially demonstrated moderate
to high pre-education scores, the targeted education was
effective in addressing their specific knowledge gaps.

In the current study, most anesthesiology and intensive
care specialists rated their knowledge of LAST procedures,
clinical symptoms, LE therapy, and cardiovascular support
as moderate, good, or very good. These self-assessments
are consistent with the findings of Rudra et al. (4), who

reported high levels of confidence among anesthesiology
trainees, particularly in areas such as prevention, risk
factors, LE therapy, and site of administration. However,
theirstudy also revealed lower confidence in understanding
the mechanism of LAST and in educational exposure, with a
notable proportion of participants responding “neutral” or
“disagree” to related items (4). Similarly, our study suggests
that while general awareness of LAST among specialists is
relatively positive, certain theoretical and training-related
aspects remain insufficient. This discrepancy highlights the
need for targeted educational interventions, especially in
less emphasized areas like pathophysiology and structured
instruction.

Our results align with previous national studies reporting
suboptimal knowledge levels about LAST. In a study by
Guler et al. (17), more than half of the participants had
not received any training on LAs during their medical
education, and only 22% were aware of the indications
and use of LEs. Similarly, Karasu et al. (18) found that
approximately two-thirds of physicians had never heard
of LE therapy. Urfalioglu et al. (19) also reported that over
60% of ophthalmologists lacked knowledge about lipid use
in LAST treatment. These findings collectively highlight the
absence of standardized, comprehensive training on LAST
across specialties.

Rudra et al. (4) reported that anesthesiology trainee
physicians demonstrated a high level of knowledge
regarding key aspects of LAST. Specifically, 100% correctly
identified the contributing factors, 90% recognized the
most common initial manifestation, 66% knew the timing of
symptom onset, 87% identified the appropriate initial dose
of LE therapy, and 83% were aware of the correct treatment



protocol (4). In contrast, participants in the present study
showed lower levels of knowledge in these areas prior to
the educational intervention. This discrepancy might be
attributed to the fact that the participants in Rudra’s study
were still in training and likely had more recent exposure
to LAST-related content. Meanwhile, the specialists in our
study may have receivedsuchtrainingearlierintheir careers,
with limited opportunities to refresh their knowledge due
to infrequent clinical encounters with LAST. These findings
emphasize the importance of continuous education and
regular updates in clinical training.

The literature further supports the need for structured
education programs. Munasinghe et al. (10) found that
although 77% of Sri Lankan physicians claimed to have
knowledge about LAST recognition and initial treatment,
less than half correctly identified LE as the definitive
therapy, and only two-thirds knew the correct dose. Similar
to our findings, knowledge was significantly higher among
anesthesiologists and postgraduate trainees compared to
other physicians.

Similar to the findings of ilhan and Demir (13), the studies
conducted by Karasu et al. (18) and Urfalioglu et al. (19) also
demonstrated that most participants reported using LAs
on a daily basis, yet the rates of formal training remained
low, at 19.8% and 28.8%, respectively. Emergency
physicians, who reportedly used LAs more frequently and
had higher exposure to training, tended to answer LAST-
related questions—such as symptoms, treatment, and LE
dosage—more accurately. Despite the critical importance
of education on LAST, ilhan and Demir (13) found no
significant relationship between the frequency of LA use
or prior training and the ability to correctly identify LAST
symptoms, treatment strategies, or appropriate LE dosing.
These findings suggest that the duration, quality, and
content of existing LA-related training may be insufficient.

In the present study, participants who had previously
received LAST training were found to have slightly lower
total knowledge scores, possibly due to the extended
time elapsed since their training and lack of regular
clinical encounters with LAST. Karasu et al. (18) also
reported that non-anesthesiology residents had lower
rates of LAST education compared to anesthesiology
trainees, a finding similarly reported by Sagir and Goyal
(2), who documented limited knowledge and awareness
among non-anesthesiology residents. Although ilhan
and Demir (13) noted relatively higher training rates
among emergency physicians, they still emphasized the
inadequacy of overall educational exposure. In contrast,
our study found that anesthesiology and intensive care
specialists demonstrated comparatively acceptable
levels of knowledge. Based on linear regression analysis,
anesthesiologistsappearedtohavehighertotalknowledge
scores, potentially due to their routine exposure to LAs
in clinical practice. Interestingly, both increasing age

and prior LAST training were negatively associated with
total knowledge scores, further highlighting the need
for continuous and updated educational initiatives in this
field.

Numerous studies have highlighted insufficient knowledge
of LAST among medical specialists, underlining the
importance and necessity of targeted education (2,13,18).
In the present study, both subjective self-assessments
and objective test results indicated that anesthesiology
and intensive care specialists had relatively high levels of
knowledge regarding LAST. Nevertheless, gaps remained
in certain fundamental areas, particularly concerning the
underlying mechanisms of toxicity and prior educational
exposure. These findings emphasize the need for structured
and widespread educational programs to ensure safer
clinical practice.

Previous literature has demonstrated the effectiveness of
various training methods—ranging from live simulations to
self-paced online modules—in enhancing knowledge and
preparedness related to LAST (15,20,21). Consistent with
these findings, our study showed that even a brief, targeted
training intervention significantly improved participants’
total knowledge scores, particularly in critical areas such as
LAST management and the use of LE therapy.

Given that many participants reported the absence of a
local protocol for LAST in their institutions, and nearly half
indicated that they rarely encounter LAST cases or had
never received prior formal education on the topic, the
marked improvement observed after a short intervention
highlights its potential impact. These results support
the integration of routine, up-to-date, and accessible
educational content on LAST within clinical training and
continuing medical education programs.

Study Limitations

One of the main strengths of this study is its pre-post
design, which allowed for a direct assessment of the
impact of a brief educational intervention on knowledge
levels regarding LAST among anesthesiology and intensive
care specialists. Another strength of the study is the
inclusion of a relatively large and well-defined sample of
practicing specialists from multiple hospitals in istanbul,
which contributes to the generalizability of the findings.
However, the final sample size was slightly below the
initially estimated target. Additionally, the study provides
valuable insights into the specific knowledge gaps and
educational needs related to LAST, which can inform future
training initiatives.

However, this study also has several limitations. First, data
were collected through self-reported responses, which
might be subject to recall and social desirability biases.
Second, the study was limited to a single geographical
region (istanbul) and included only practicing specialists,
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which might affect the external validity and generalizability
of the findings. Third, the use of an online survey may have
excluded participants less comfortable with digital tools,
potentially introducing selection bias. Fourth, although
the number of matched pre- and post-intervention
responses (n=200) fell short of the estimated sample size
based on a population of 1,000 professionals, post-hoc
power analysis demonstrated adequate statistical power
(1-B=0.999) for within-subject comparisons. Finally, the
internal consistency of the knowledge questionnaire was
relatively low (Cronbach’s alpha=0.67), which might be
attributed to the multidimensional content structure.

Conclusion
This study demonstrated that a brief, structured
educational  intervention  significantly  improved

anesthesiology and intensive care specialists’ knowledge
of LAST, particularlyin keyareas such as clinical recognition,
emergency management, and LE therapy. Although
the majority of participants exhibited high baseline
knowledge, the intervention effectively addressed
specific knowledge gaps and underscored the importance
of continuous education in rarely encountered but
potentially life-threatening conditions such as LAST. The
findings underscore the need to integrate LAST-focused
content into specialty training curricula and continuing
professional  development programs. Establishing
standardized institutional protocols and promoting
regular refresher training may further enhance clinical
preparedness and patient safety in settings where LAs are
routinely administered.
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