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 29 

Abstract 30 

Background. Emergency front-of-neck access (eFONA) by cricothyrotomy is the definitive 31 rescue manoeuvre in a “cannot intubate, cannot oxygenate” (CICO) crisis, yet its extremely 32 

low incidence deprives anesthesiologists of real-world practice. We evaluated a structured 33 

one-day simulation-based cricothyrotomy curriculum. 34 

Methods. In this quasi-experimental pre–post study, 460 anesthesiologists from 31 35 

provincial-level regions of China completed six annual sessions (2019–2026) of a 36 



standardized one-day program comprising a didactic lecture, ultrasound-guided 37 

cricothyroid membrane localization, expert demonstration, and small-group hands-on 38 

practice on a high-fidelity part-task trainer. Self-confidence in five procedural domains (5-39 

point Likert) was measured at baseline (T0), after the didactic session (T1), and after 40 

hands-on practice (T2). Procedure time, a 33-item procedural checklist (score 0–66), and 41 

an 11-domain global rating scale (GRS, 11–77) were assessed at T1 and T2 by two trained, 42 

phase-blinded expert raters. Analyses included repeated-measures ANOVA and Friedman 43 

tests with Bonferroni-adjusted post-hoc comparisons, paired t-tests and Wilcoxon signed-44 

rank tests with effect sizes, and linear mixed-effects models testing time × prior-experience 45 

interactions. 46 

Results. All 460 participants completed the program. Mean procedure time decreased from 47 113.2 ± 16.5 s to 78.7 ± 10.9 s (mean difference −34.4 s, 95% CI −35.0 to −33.9; p < 0.001), 48 checklist scores rose from 28.7 ± 4.8 to 52.7 ± 5.4 (Δ +23.9, 95% CI 23.8 to 24.0; p < 0.001), 49 and GRS scores rose from 32.6 ± 5.5 to 57.3 ± 5.7 (Δ +24.7, 95% CI 24.6 to 24.9; p < 0.001). 50 

Total self-confidence increased from 13.7 ± 5.2 (T0) to 16.1 ± 4.7 (T1) and 20.2 ± 3.6 (T2) 51 

(Friedman p < 0.001; all Bonferroni-adjusted pairwise comparisons p < 0.001 except 52 

equipment-preparation confidence at T0 vs T1, which improved only after hands-on 53 

practice). Training gains were largest in participants with no prior cricothyrotomy 54 

experience (time × experience interaction, p < 0.001 for all outcomes). Confidence gains 55 

correlated with improvements in procedural speed but not with expert-rated quality. Post-56 

training procedure times remained above the 40-s benchmark proposed for CICO rescue, 57 

indicating scope for mastery-oriented reinforcement. 58 



Conclusions. A structured one-day simulation curriculum substantially improved 59 anesthesiologists’ cricothyrotomy performance and self-confidence, with the greatest 60 

absolute gains among inexperienced practitioners. Gains are best attributed to 61 

standardized goals, guided deliberate practice, and immediate feedback rather than 62 

simulator fidelity alone. Competency benchmarks and periodic refresher training should be 63 

incorporated to translate short-term gains into durable clinical readiness. 64 

Keywords: cricothyrotomy; emergency front-of-neck access; cannot intubate cannot 65 

oxygenate; simulation-based medical education; anesthesiology; global rating scale 66 

 67 

1. Introduction 68 

The “cannot intubate, cannot oxygenate” (CICO) scenario is among the most time-critical 69 

emergencies in anesthesia, and emergency front-of-neck access (eFONA)—most commonly 70 

scalpel–bougie cricothyrotomy—is its definitive, life-saving resolution [1,2]. The Fourth 71 

National Audit Project (NAP4) of the Royal College of Anaesthetists and the Difficult Airway 72 

Society demonstrated that failure to attempt or delayed eFONA contributes to death and 73 

brain damage, underscoring that technical readiness, not merely theoretical knowledge, 74 

determines outcome [3]. Paradoxically, the very rarity of CICO—estimated at roughly 0.1–75 

2.0 events per 10,000 general anesthetics [4,5]—means that most anesthesiologists will 76 

never perform a cricothyrotomy on a patient during training, and many never in an entire 77 

career [6,7]. Deliberate practice on real patients is therefore impossible, creating a 78 

structural competency gap that only simulation-based education can fill. 79 



Simulation-based training is now a cornerstone of airway management education [8,9]. 80 

Randomized and observational studies have shown that even a single structured 81 

simulation session can improve cricothyrotomy technique, compliance with difficult-82 

airway algorithms, and skill retention for up to one year [10,11]. National needs 83 

assessments in emergency medicine and anesthesiology consistently rank cricothyrotomy 84 

among the highest-priority technical skills for simulation-based curricula [12–14]. 85 

Nevertheless, important questions remain: how a comprehensive one-day curriculum—86 

integrating didactic teaching, ultrasound-guided surface anatomy, demonstration, and 87 

deliberate hands-on practice—performs at scale; how its effects are distributed across 88 

learners with different levels of prior experience; and how confidence gains relate to 89 

objectively measured performance. Most published evaluations involve small single-cohort 90 

samples (typically 20–40 trainees) [10,11,15] and rely on simple pre–post comparisons 91 

that cannot separate the contributions of successive instructional components or test 92 

whether training effects are moderated by baseline experience. 93 

The present study addresses these gaps. Drawing on six consecutive annual sessions of a 94 

standardized one-day cricothyrotomy training program delivered to 460 anesthesiologists, 95 

we evaluated (i) changes in self-confidence across three measurement points, allowing the 96 

didactic and hands-on components to be distinguished; (ii) changes in objectively rated 97 

performance (procedure time, procedural checklist, global rating scale) before and after 98 

deliberate practice; and (iii) the moderating effect of prior cricothyrotomy experience on 99 

training gains, using repeated-measures and mixed-effects models with interaction terms. 100 



2. Methods 101 

2.1 Study design, setting, and ethics 102 

This was a quasi-experimental, single-arm, pre–post intervention study embedded in six 103 

annual sessions (2019–2026) of the “Establishing an Emergency Front-of-Neck Airway” 104 

simulation training course at the Plastic Surgery Hospital, Chinese Academy of Medical 105 

Sciences and Peking Union Medical College, Beijing, China, a tertiary academic medical 106 

center. The study design, curriculum sequence, and measurement timeline are summarized 107 

in Figure 1. The study involved exclusively simulation-based educational activities with no 108 

involvement of patients or animals. According to institutional policy, purely educational 109 

simulation studies of this nature are exempt from formal institutional review board 110 

approval; this exemption applies uniformly to all statements in this manuscript. The study 111 

was conducted in accordance with the Declaration of Helsinki. All participants volunteered 112 

after receiving an explanation of the educational objectives, provided informed consent for 113 

participation and for the analysis and publication of fully anonymized data; no identifiable 114 

personal data were collected. The reporting of this study follows, where applicable, the 115 

STROBE recommendations for observational studies and the GREET checklist for reporting 116 

educational interventions [16,17]. 117 



 118 

Figure 1 119 

Figure 1. Study design, curriculum sequence, and assessment timeline. Self-confidence was 120 

measured at baseline (T0), after the didactic session (T1), and after hands-on practice (T2); 121 

objective skills tests (procedure time, 33-item checklist, 11-domain GRS) were performed at 122 

T1 and T2 with identical start (skin incision) and stop (confirmed ventilation) points. 123 

2.2 Participants and sampling 124 

Practicing anesthesiologists (residents and attending physicians) were recruited on a 125 

voluntary basis through institutional e-mail invitations and professional-network 126 

announcements sent to all eligible physicians before each session. We acknowledge that 127 

this constitutes convenience sampling; no random or stratified sampling was applied. To 128 

mitigate recruitment bias, invitations explicitly stated that participation was voluntary, 129 

unrelated to any performance evaluation, and open to all eligible anesthesiologists 130 

regardless of seniority. The inclusion criterion was a valid medical license in 131 



anesthesiology. To preserve the validity of the pre-test as a baseline, individuals who had 132 

attended any previous session of this course series were ineligible. All 460 enrolled 133 

participants were first-time attendees, completed the full one-day program, and 134 

contributed complete data; there were no withdrawals and no missing outcome data. 135 

2.3 Training intervention 136 

The standardized one-day curriculum (see the session timetable in Supplementary Table 137 

S1) comprised the following sequential components. 138 

Registration and baseline assessment (T0). Participants completed the baseline 139 

questionnaire, including demographics, prior cricothyrotomy experience, and the first 140 

administration of the self-confidence questionnaire. 141 

Clinical case report. A facilitated review of a real case of post-extubation upper-airway 142 

obstruction rescue, anchoring the clinical relevance of eFONA. 143 

Didactic session (60 min). A standardized lecture covering indications, contraindications, 144 

surface and sono-anatomy of the cricothyroid region, the scalpel–bougie–tube technique, 145 

needle cricothyrotomy, and complication management. Procedural steps were 146 

standardized according to the Difficult Airway Society (DAS) 2015 guidelines for the 147 

management of unanticipated difficult intubation in adults [1], updated in the most recent 148 

sessions to reflect the DAS 2025 guidelines [2], and the 2022 American Society of 149 

Anesthesiologists Practice Guidelines for Management of the Difficult Airway [18], adapted 150 

to local practice. 151 



Ultrasound-guided localization (30 min). Demonstration and supervised practice of 152 

point-of-care ultrasound identification of the cricothyroid membrane (Figure 2), reflecting 153 

evidence that digital palpation alone is frequently inaccurate, particularly in females and 154 

patients with obesity [19], and the emphasis on airway ultrasound in contemporary 155 

guidance [2]. 156 

 157 

Figure 2 158 

Figure 2. Point-of-care ultrasound identification of the cricothyroid membrane, integrated 159 

into the didactic phase of the curriculum. (BioRender-style medical illustration.) 160 

Expert demonstration. An experienced anesthesiologist demonstrated the complete 161 

scalpel–bougie–tube technique on the simulator in real time. The relevant anatomy and the 162 

taught technique are illustrated in Figures 3 and 4. 163 



 164 

Figure 3 165 

Figure 3. Anatomy of the anterior neck relevant to emergency front-of-neck access. The 166 

cricothyroid membrane (highlighted) is bounded by the thyroid cartilage above and the 167 

cricoid cartilage below. (BioRender-style medical illustration.) 168 



 169 

Figure 4 170 

Figure 4. The scalpel–bougie–tube technique taught in the curriculum: (A) palpation and 171 

identification of the cricothyroid membrane; (B) vertical skin incision and membrane 172 

puncture; (C) bougie insertion into the trachea; (D) railroading the endotracheal tube over 173 

the bougie. (BioRender-style medical illustration.) 174 

Mid-training assessment (T1). Participants completed the second self-confidence 175 

questionnaire and then performed the pre-practice skills test: a single timed 176 

cricothyrotomy on the simulator, scored by expert raters (see Section 2.4). 177 

Hands-on simulation practice (60 min). Deliberate practice in small groups (five 178 

participants per facilitator; six parallel groups) on the cricothyrotomy part-task trainer, 179 

with immediate structured feedback against the procedural checklist. The training 180 

materials, practice setting, and assessment procedures are illustrated in Figure 5. 181 



 182 

Figure 5 183 

Figure 5. Training delivery and assessment environment. (A) Standardized cricothyrotomy kit 184 

(scalpel, bougie, cuffed endotracheal tube, syringe, and drapes) prepared for each 185 

workstation; (B) equipment inspection and assembly before practice; (C) hands-on 186 

cricothyrotomy practice on the high-physical-fidelity part-task trainer; (D) an expert rater 187 

completing the procedural checklist and global rating scale during a timed assessment. 188 

Photographs from the 2026 course session; no identifiable participants are shown. 189 

Post-training assessment (T2). A second timed and rated performance (post-training 190 

skills test) followed by the third self-confidence questionnaire. 191 

Consolidation. A friendly skills competition and award of completion certificates 192 

concluded the day. 193 



The cricothyrotomy simulator is a high-fidelity part-task trainer replicating the anterior 194 

neck anatomy (palpable thyroid cartilage, cricoid cartilage, cricothyroid membrane, and 195 

tracheal rings) with layered tissue haptics that reproduce skin resistance and stepwise 196 

dissection feel. It is not embedded in a full-body manikin and does not simulate bleeding or 197 

airway misting; we therefore characterize it as a high-physical-fidelity part-task trainer 198 

rather than a high-environmental-fidelity simulator (see Discussion). 199 

2.4 Outcome measures and instruments 200 

All instruments were administered in Mandarin Chinese. The measurement timeline and 201 

assessment endpoints are shown in Figure 1. 202 

Self-confidence questionnaire (T0, T1, T2). Self-confidence was assessed with a study-203 

developed, five-item questionnaire (Supplementary File S1), each item rated on a 5-point 204 

Likert scale (1 = very unconfident, 5 = very confident). The items address distinct 205 

procedural domains rather than global confidence alone: (1) identifying the cricothyroid 206 

membrane; (2) preparing the required equipment; (3) following the emergency front-of-207 

neck airway algorithm; (4) performing scalpel–bougie cricothyrotomy; and (5) managing a 208 

CICO crisis. The item set was drafted by an expert panel of three senior anesthesiologists 209 

based on the procedural steps of the DAS guidelines [1,2], reviewed for content validity by 210 

two independent airway-management experts, and piloted with 12 anesthesiologists 211 

before the 2019 session, with minor wording adjustments for clarity. The questionnaire is 212 

not copyrighted and is freely available for research use. Because it was developed directly 213 

in Chinese, no translation procedure was required. In the present sample, internal 214 consistency was excellent (Cronbach’s α = 0.983 at T0, 0.986 at T1, and 0.965 at T2). 215 



Procedural checklist (T1, T2). Technical performance was scored with a 33-item 216 

procedural checklist (Supplementary File S2) covering preparation, landmark 217 

identification, incision, membrane puncture, bougie insertion, tube railroading, cuff 218 

inflation, ventilation confirmation, and post-procedure checks. Each step was scored 0 (not 219 

performed), 1 (performed partially or out of sequence), or 2 (performed correctly), 220 

yielding a total score of 0–66. The checklist was adapted from the DAS scalpel–bougie–tube 221 

sequence [1] and previously published cricothyrotomy assessment tools [10,20]. 222 

Global rating scale (GRS) (T1, T2). Overall performance was rated on an 11-domain 223 

global rating scale (Supplementary File S2), each domain scored on a 7-point anchored 224 

scale (1 = very poor, 7 = excellent; total 11–77), covering preparation, respect for tissue, 225 

instrument handling, procedural flow, knowledge of steps, economy of movement, use of 226 

assistants, communication, response to difficulty, overall technical skill, and overall 227 

performance. The instrument was adapted from the OSATS global rating scale, whose 228 

reliability and construct validity are well established [21,22], and from airway-specific 229 

rating tools [20]. 230 

Procedure time (T1, T2). Elapsed time was measured with a digital stopwatch by a 231 

dedicated research assistant who was independent of the raters, from the moment of the 232 

initial skin incision to confirmed ventilation through the placed endotracheal tube (inflated 233 

cuff, manual ventilation with visible chest excursion of the test lung). Raters began 234 

checklist and GRS scoring at the same start point and completed scoring at the same 235 

endpoint, so that time and quality metrics referred to identical task boundaries. 236 



Rater procedures. All performances were assessed live in the simulation room by two 237 

expert raters with clinical and teaching experience in cricothyrotomy; the final score was 238 

the mean of the two raters. Before the study, raters completed a standardized calibration 239 

session comprising detailed review of the checklist and GRS anchor descriptors, joint live 240 

scoring of two pilot performances, and consensus discussion of discrepancies. Raters were 241 

blinded to whether a performance was a pre-practice (T1) or post-training (T2) test and 242 

did not time the procedures. Because raters and trainees belonged to the same academic 243 

network, prior familiarity with individual participants could not be fully excluded; this is 244 

addressed as a limitation. 245 

2.5 Statistical analysis 246 

Analyses were performed with SPSS Statistics 26.0 (IBM Corp., Armonk, NY, USA) and 247 

verified in Python 3.12 (statsmodels 0.14). Distributional assumptions were examined with 248 

the Shapiro–Wilk test; because several outcomes deviated from normality, all primary 249 

inferences were confirmed with the corresponding non-parametric tests, and conclusions 250 

were unchanged. Self-confidence across the three time points was analyzed with one-way 251 

repeated-measures ANOVA per item and for the total score, complemented by Friedman 252 

tests; pairwise comparisons (T0–T1, T1–T2, T0–T2) used Wilcoxon signed-rank tests with 253 Bonferroni adjustment (three comparisons; adjusted α = 0.0167). Pre- versus post-practice 254 

performance (procedure time, checklist, GRS) was compared with paired t-tests and 255 

Wilcoxon signed-rank tests; effect sizes are reported as Cohen’s dz with 95% confidence 256 

intervals (CIs) for mean differences. To test whether training effects were moderated by 257 

baseline characteristics, we fitted linear mixed-effects models with a random intercept per 258 



participant: each outcome was regressed on measurement time, prior-experience group 259 

(none / 1 / 2–4 / ≥5 prior procedures), their interaction, and gender; joint significance of 260 interaction terms was assessed with Wald χ² tests. Between-subgroup differences in gain 261 

scores were additionally examined with Kruskal–Wallis tests. Associations between 262 

changes in self-confidence and changes in objective performance were explored with 263 

Spearman rank correlations. A post-hoc power analysis for the primary paired 264 

comparisons was conducted. Two-sided p < 0.05 was considered statistically significant. No 265 

a-priori sample-size calculation was performed because the study analyzed a consecutive 266 

educational cohort; the achieved precision is reported through 95% CIs, and post-hoc 267 

power exceeded 0.99 for all primary outcomes. 268 

3. Results 269 

3.1 Participant characteristics 270 

Four hundred sixty anesthesiologists were enrolled across six annual sessions (2019–271 

2026) and all completed the program (Figure 1). Participants came from 31 provincial-272 

level regions of China; 52.4% practiced in Beijing. Baseline characteristics are summarized 273 

in Table 1. The mean clinical experience was 6.3 ± 4.2 years (median 5); 218 participants 274 

(47.4%) were male and 242 (52.6%) female. Regarding prior cricothyrotomy experience—275 

defined broadly as any involvement in the procedure in clinical practice or simulation, 276 

including assisting as a second operator—260 participants (56.5%) reported none, 103 277 

(22.4%) reported one prior procedure, 49 (10.7%) two to four, and 48 (10.4%) five or 278 

more. 279 



Table 1. Participant characteristics (N = 460). 280 

Characteristic n (%) or mean ± SD 

Gender  

Male 218 (47.4%) 

Female 242 (52.6%) 

Clinical experience, years 6.3 ± 4.2 (median 5) 

< 5 years 201 (43.7%) 

5–10 years 157 (34.1%) 

> 10 years 102 (22.2%) 

Provincial-level region of practice 31 regions; Beijing 241 (52.4%) 

Prior cricothyrotomy experience*  

None 260 (56.5%) 

1 procedure 103 (22.4%) 

2–4 procedures 49 (10.7%) ≥ 5 procedures 48 (10.4%) 

* Defined as any involvement in cricothyrotomy in clinical practice or simulation, including 281 

assisted participation (see Limitations). 282 

3.2 Self-confidence across the three measurement points 283 

Self-confidence increased monotonically across T0, T1, and T2 for the total score and for 284 

four of five items (Table 2, Figure 6). Repeated-measures ANOVA showed a significant main 285 



effect of time for every item and for the total score (all p < 0.001); Friedman tests yielded 286 

identical conclusions. Bonferroni-adjusted pairwise comparisons showed significant 287 

increases from baseline to post-didactic (T0→T1) and from post-didactic to post-training 288 (T1→T2) for all items (all adjusted p < 0.001), with one informative exception: confidence 289 

in equipment preparation did not change after the didactic session alone (T0 3.32 ± 1.04 290 

vs T1 3.32 ± 1.04; adjusted p > 0.9) and improved only after hands-on practice (T2 4.11 ± 291 

0.74; adjusted p < 0.001). Total confidence rose from 13.7 ± 5.2 (T0) to 16.1 ± 4.7 (T1) and 292 

20.2 ± 3.6 (T2). 293 

 294 

Figure 6 295 

Figure 6. Self-confidence trajectories across the three measurement points for the five 296 

procedural domains and the total score (mean ± 95% CI, N = 460). Note the flat T0→T1 297 

segment for equipment preparation, which improved only after hands-on practice. Error bars 298 

represent 95% confidence intervals. 299 



Table 2. Self-confidence scores (5-point Likert) at the three measurement points (N = 300 

460). 301 

Procedural domain 

T0 

Baseline 

T1 Post-

didactic 

T2 Post-

training Overall test T0→T1 T1→T2 

Identifying the 

cricothyroid 

membrane 

3.44 ± 

1.05 

4.11 ± 

0.74 

4.78 ± 

0.41 

χ²(2) = 
670.5, p < 

0.001 

< 0.001 < 

0.001 

Preparing equipment 3.32 ± 

1.04 

3.32 ± 

1.04 

4.11 ± 

0.74 

χ²(2) = 
726.0, p < 

0.001 

> 0.9 

(n.s.) 

< 

0.001 

Following the eFONA 

algorithm 

2.77 ± 

1.01 

3.32 ± 

1.04 

4.11 ± 

0.74 

χ²(2) = 
733.4, p < 

0.001 

< 0.001 < 

0.001 

Performing scalpel–
bougie 

cricothyrotomy 

2.43 ± 

1.24 

3.11 ± 

1.08 

4.01 ± 

0.93 

χ²(2) = 
784.6, p < 

0.001 

< 0.001 < 

0.001 

Managing a CICO 

crisis 

1.77 ± 

1.01 

2.22 ± 

0.91 

3.22 ± 

0.91 

χ²(2) = 
854.0, p < 

0.001 

< 0.001 < 

0.001 

Total score (5–25) 13.73 ± 

5.19 

16.09 ± 

4.71 

20.23 ± 

3.59 

χ²(2) = 

897.9, p < 

< 0.001 < 

0.001 



Procedural domain 

T0 

Baseline 

T1 Post-

didactic 

T2 Post-

training Overall test T0→T1 T1→T2 

0.001 

Values are mean ± SD. Overall test: Friedman test across the three time points (repeated-302 

measures ANOVA was concordant, all p < 0.001). Pairwise columns: Bonferroni-adjusted 303 

Wilcoxon signed-rank p-values (three comparisons per row; adjusted α = 0.0167). T0→T2 304 

comparisons were significant for all rows (all adjusted p < 0.001). n.s. = not significant. 305 

3.3 Objective performance before and after hands-on practice 306 

All three objective performance measures improved substantially between the pre-practice 307 

(T1) and post-training (T2) tests (Table 3, Figure 7). Mean procedure time decreased by 308 34.4 s (95% CI −35.0 to −33.9), from 113.2 ± 16.5 s to 78.7 ± 10.9 s (paired t(459) = 122.5, 309 p < 0.001; Wilcoxon p < 0.001; Cohen’s dz = 5.71). Checklist scores increased by 23.9 points 310 

(95% CI 23.8 to 24.0), from 28.7 ± 4.8 to 52.7 ± 5.4 (p < 0.001; dz = 22.1), and GRS scores 311 

increased by 24.7 points (95% CI 24.6 to 24.9), from 32.6 ± 5.5 to 57.3 ± 5.7 (p < 0.001; dz = 312 

16.5). These effect sizes are exceptionally large, which is typical when trainees are re-313 

tested on the same task and device immediately after guided practice; we therefore 314 

emphasize the mean differences and their CIs rather than the standardized metrics (see 315 

Limitations). 316 



 317 

Figure 7 318 

Figure 7. Paired objective performance before (T1) and after (T2) hands-on simulation 319 

practice (N = 460): procedure time (left), procedural checklist score (middle), and global 320 

rating scale score (right). Boxes show medians and interquartile ranges; faint lines connect 321 

individual paired performances (random subset of 160 participants shown for clarity); bold 322 

lines connect means. All comparisons p < 0.001. 323 

Table 3. Objective performance outcomes before and after hands-on simulation 324 

practice (N = 460). 325 

Outcome 

Pre-

practice 

(T1) 

Post-

training 

(T2) 

Mean difference 

(95% CI) 

Paired t-test / 

Wilcoxon 

Cohen’s 
dz 

Procedure 

time, s 

113.2 ± 

16.5 

78.7 ± 10.9 −34.4 (−35.0 to −33.9) 

p < 0.001 / p < 

0.001 

5.71 

Checklist score 

(0–66) 

28.7 ± 4.8 52.7 ± 5.4 +23.9 (23.8 to 

24.0) 

p < 0.001 / p < 

0.001 

22.09 



Outcome 

Pre-

practice 

(T1) 

Post-

training 

(T2) 

Mean difference 

(95% CI) 

Paired t-test / 

Wilcoxon 

Cohen’s 
dz 

GRS score (11–
77) 

32.6 ± 5.5 57.3 ± 5.7 +24.7 (24.6 to 

24.9) 

p < 0.001 / p < 

0.001 

16.50 

Values are mean ± SD. All pre–post comparisons were significant with both the paired t-test 326 

and the Wilcoxon signed-rank test. The timing endpoint was confirmed ventilation; 327 

checklist and GRS scoring covered the identical task segment (Section 2.4). 328 

3.4 Moderation by prior experience and the confidence–competence relationship 329 

Prior experience strongly moderated the magnitude—but not the direction—of training 330 

gains (Figure 8). Mixed-effects models showed significant time × experience interactions 331 for procedure time (Wald χ²(3) = 647.7, p < 0.001), checklist (χ²(3) = 121.8, p < 0.001), and 332 GRS (χ²(3) = 215.8, p < 0.001). The reduction in procedure time was greatest among 333 inexperienced participants (none: −37.8 ± 4.9 s; 1 prior: −33.2 ± 2.4 s; 2–4: −29.2 ± 1.8 s; 334 ≥5: −24.0 ± 1.2 s; Kruskal–Wallis p < 0.001), and the same gradient held for total 335 

confidence gains (7.8 ± 1.1, 7.4 ± 1.5, 3.0 ± 0.0, and 1.0 ± 0.0 points across the four groups; 336 

p < 0.001), consistent with a ceiling effect. In the mixed-effects model of total confidence, 337 the time × experience interaction was highly significant (Wald χ²(6) = 2910.1, p < 0.001). 338 

Checklist and GRS gains were uniformly large across subgroups, indicating that procedural 339 

quality improved irrespective of baseline experience, whereas efficiency (time) and self-340 

confidence depended on the starting level. An equivalent pattern was observed across 341 

strata of clinical seniority (years of practice; all Kruskal–Wallis p < 0.001). Gender was 342 



associated with small absolute differences in gain scores (e.g., confidence gain: male 5.2 vs 343 

female 7.6 points, p < 0.001) that are unlikely to be educationally meaningful. 344 

 345 

Figure 8 346 

Figure 8. Training gains by prior-experience subgroup (mean ± 95% CI). Reduction in 347 

procedure time and confidence gains decreased with increasing prior experience, whereas 348 

checklist and GRS gains were uniformly large; all time × experience interactions were 349 

significant (p < 0.001, linear mixed-effects models). 350 

Exploratory correlation analyses further dissociated confidence from competence. The gain 351 

in total self-confidence correlated moderately with the reduction in procedure time 352 (Spearman ρ = −0.47, p < 0.001) but was essentially uncorrelated with the gain in expert-353 rated global performance (GRS gain: ρ = 0.03, p = 0.50) and only weakly with the checklist 354 gain (ρ = −0.21, p < 0.001). Participants thus felt more confident largely in proportion to 355 

how much faster they became—not in proportion to how much their rated procedural 356 

quality improved. 357 



4. Discussion 358 

4.1 Principal findings 359 

In this large multi-cohort evaluation, a standardized one-day simulation-based curriculum 360 

was associated with significant and substantial improvements in every measured outcome: 361 

procedural efficiency (34.4 s faster), procedural quality (checklist +23.9 of 66 points; GRS 362 

+24.7 of 77 points), and domain-specific self-confidence. Three findings add granularity to 363 

the existing literature. First, decomposing the course into didactic and hands-on phases 364 

showed that most confidence domains improved after the lecture, but confidence in 365 

equipment preparation increased only after deliberate hands-on practice—empirically 366 

supporting the intuition that psychomotor readiness, not declarative knowledge, drives 367 

preparedness for equipment handling. Second, prior experience moderated gains: novices 368 

improved the most in speed and confidence, while all groups improved similarly in 369 

procedural quality, implying that a single standardized curriculum can serve 370 

heterogeneous trainee populations but that refresher value for experienced practitioners 371 

lies mainly in quality consolidation rather than speed. Third, despite a 30% relative 372 

reduction, post-training procedure times (mean 78.7 s) remained well above the ≤40-s 373 

benchmark achieved after five consecutive mannequin attempts in the classic study of 374 

Wong and colleagues [23]. This suggests that our one-session, single-attempt format 375 

should evolve toward mastery learning with repeated attempts to a time criterion [24], a 376 

design we have begun to explore with the end-of-course skills competition. 377 



4.2 Comparison with previous work 378 

Our pre-training median procedure time (115 s) closely mirrors the 117-s pretest median 379 

reported by Hubert et al. in 27 anesthesiology residents [10], and our post-training times 380 

(75–80 s interquartile range) resemble their 3-, 6-, and 12-month post-test values (52–69 381 

s), although our participants were re-tested immediately rather than after a delay. Boet et 382 

al. demonstrated that cricothyrotomy skills acquired in a single simulation session are 383 

retained for at least one year [11]; conversely, quantitative reviews of skill decay caution 384 

that complex procedural skills deteriorate without reinforcement [25], and Wong et 385 

al. explicitly noted that optimal retraining intervals remain undetermined [23]. Our results 386 

therefore support the feasibility of large-scale short courses while reinforcing the case for 387 

scheduled refresher training. The observed experience-dependent moderation is consistent 388 

with Friedman et al., who found that model fidelity mattered little once instructional goals 389 

and guidance were held constant [26], and with meta-analyses showing comparable 390 

learning outcomes across fidelity levels [27–29]. 391 

4.3 Interpreting confidence alongside competence 392 

Self-confidence is a slippery metric when isolated from performance: confidence without 393 

competence risks harm, and simulation itself can inflate self-assessment [28]. Framed 394 within Miller’s pyramid, our instruments assess the “shows how” level (checklist and GRS 395 

under observation) while the questionnaire captures learner perception—Kirkpatrick level 396 

1–2 rather than behavior or patient outcomes [30,31]. Three features of our confidence 397 

data deserve explicit comment. First, the uniform direction of change (no participant 398 

reported lower confidence after training) is expected in an unblinded educational 399 



intervention in which learners know they have just been taught and wish to report benefit; 400 

it does not by itself constitute evidence of learning. Second, and more informatively, 401 

confidence gains tracked improvements in speed but not in expert-rated quality—a 402 

dissociation that mirrors reports that simulation can breed overconfidence [28] and 403 

reinforces the primacy of observed performance metrics. Third, because self-ratings are 404 

vulnerable to social-desirability and response-shift bias, the confidence results should be 405 

read as motivational outcomes that complement, rather than substitute for, the objective 406 

assessments. Composite evaluation frameworks that jointly weigh speed, correctness, and 407 

global quality—and ultimately clinical transfer—should anchor future studies [21,30,32]. 408 

4.4 Fidelity reconsidered 409 

We deliberately avoid attributing the observed gains to simulator fidelity. Participants 410 

were trained and tested on the same device; comparable gains would be expected on a 411 

cadaver or an inexpensive model given identical goals, guidance, and feedback [26–29]. 412 

Indeed, fidelity should be construed as a property of the overall training environment 413 

rather than of the physical simulator alone [32]. In this spirit, we acknowledge that our 414 

environment lacked several fidelity elements—the part-task trainer was not embedded in a 415 

full-body manikin, no bleeding or physiological cues were simulated, and participants did 416 

not routinely wear gloves—so our trainer is best described as a high-physical-fidelity part-417 

task trainer embedded in a moderate-fidelity environment. What likely drove learning was 418 

the alignment of standardized objectives, expert demonstration, ultrasound-verified 419 

landmark identification, small-group deliberate practice, and immediate checklist-420 

anchored feedback. 421 



4.5 Limitations 422 

Several limitations merit emphasis. (1) The single-arm quasi-experimental design without 423 

a control group precludes causal attribution; history, maturation, and test–retest effects are 424 

plausible alternative explanations. (2) Participants were re-tested on the same simulator 425 

and task immediately after practice, which inflates measured gains; the exceptionally large 426 

effect sizes should be interpreted accordingly. (3) Convenience sampling of volunteers may 427 

over-represent motivated learners, limiting generalizability. (4) Prior experience was self-428 

reported and broadly defined (any involvement, including assistance), which likely 429 

explains the higher-than-expected proportion of participants reporting prior 430 cricothyrotomy exposure despite the procedure’s rarity; future work should distinguish 431 

independent performance from assisted participation. (5) Raters, although trained, 432 

calibrated, and blinded to test phase, belonged to the same academic network and could 433 

have known some participants; video-based scoring by external raters would strengthen 434 

future validity evidence. (6) Confidence was self-assessed without blinding and is subject to 435 

social-desirability and response-shift bias; as expected under these conditions, ratings 436 

moved only upward. (7) Only immediate outcomes were measured; retention and clinical 437 

transfer were not assessed [23,25]. (8) The checklist, GRS, and confidence questionnaire 438 

were developed or adapted locally and, although internally consistent and content-439 

validated, warrant formal psychometric validation in independent samples. 440 

4.6 Implications and future directions 441 

For educators, the curriculum demonstrates that a reproducible one-day format can deliver 442 

uniform procedural-quality gains to hundreds of anesthesiologists per year, with the 443 



largest efficiency and confidence returns in the least experienced. Embedding a ≤40-s 444 

mastery criterion [23], spaced refresher sessions [11,25], and longitudinal tracking of 445 

transfer to clinical CICO events are logical next steps. For researchers, adequately powered 446 

randomized comparisons of curriculum components (e.g., ultrasound localization vs 447 

palpation-only; one vs multiple attempts) and formally validated composite outcome 448 

instruments are needed. 449 

5. Conclusions 450 

A structured one-day simulation-based cricothyrotomy curriculum combining didactic 451 

teaching, ultrasound-guided landmark identification, expert demonstration, and facilitated 452 deliberate practice was followed by significant improvements in anesthesiologists’ 453 

procedural speed, procedural quality, and domain-specific self-confidence, with the 454 

greatest absolute gains among practitioners without prior experience. Improvements 455 

should be credited to the structured instructional design rather than to simulator fidelity 456 

per se. Because confidence gains tracked speed rather than expert-rated quality, and post-457 

training times remained above recommended CICO benchmarks, curricula should pair 458 

confidence-building with objective competency criteria and periodic retraining to convert 459 

immediate gains into durable readiness for this rare but life-saving procedure. 460 
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