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The impact of anesthesia
clerkship training on procedural
timing: a focus on medical
students in anesthesiology

Sunisa Chatmongkolchart, Mantana Saetang*,
Thitikan Kunapaisal, Dararat Yongsata and Kantaros Saelim

Department of Anesthesiology, Faculty of Medicine, Prince of Songkla University, Hat-Yai, Thailand

Introduction: The impact of medical student involvement in anesthetic
procedures on operating room (OR) efficiency and patient outcomes remains
understudied, despite its importance in medical education. This study aimed to
quantify the effects of fifth-year medical students’ participation in anesthetic
procedures on key time metrics, perceived difficulty, procedural success,
and postoperative complications and to compare these effects with those of
anesthetic residents and student nurse anesthetists.

Methods: This prospective observational study was conducted between April
and July 2022 in the OR of a tertiary university hospital in southern Thailand.
We analyzed 111 elective obstetric-gynecologic and general surgery procedures
under subarachnoid block or general anesthesia, equally distributed among
three groups: fifth-year medical students, anesthetic residents, and student
nurse anesthetists. Key time intervals, perceived difficulty, number of attempts,
success rates, and postoperative complications were recorded and compared
across groups.

Results: Fifth-year medical students exhibited significantly prolonged anesthesia
release time, anesthesia-controlled time, anesthetic preparation time, and
anesthetic procedure time compared to anesthetic residents and student nurse
anesthetists (p<0.05). Medical students perceived case inductions as more
challenging than the other groups did (p <0.001), but procedural success rates
were comparable across groups. Immediate postoperative airway complications
were more frequent among medical students than anesthetic residents, but
no significant differences were found in intraoperative or 24-h postoperative
complications.

Discussion: While the involvement of medical students in anesthetic procedures
extends specific time metrics, it does not significantly impact overall case
duration or major patient outcomes. These findings support the continued
integration of medical student training in the OR, with appropriate supervision
to manage the slightly increased risk of immediate postoperative complications.
Further research is needed to optimize the balance between educational
opportunities and OR efficiency.

Clinical trial registration: https://www.thaiclinicaltrials.org/show/
TCTR20220418006, identifier TCTR20220418006.
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1 Introduction

Anesthesia is among the specialties included in the undergraduate
medical curriculum, providing students with exposure to preoperative
evaluation, intraoperative attendance, anesthetic procedures, and
postoperative care during anesthesia rotation. Clinical attachment and
simulations in the operating room (OR) play vital roles in the
educational process. However, the OR is not only a learning
environment but also a critical component of healthcare delivery
systems, in which efficiency is paramount (Overdyk et al., 1998).

Fifth-year medical students typically have limited exposure to
anesthetic procedures, typically during short rotations lasting one
week. This brief period challenges acquiring the necessary procedural
skills and confidence compared to anesthetic residents who undergo
more immersive training. Balancing education with OR efficiency
becomes even more important when considering the varying levels of
experience among trainees.

Efforts to improve OR efliciency often raise questions regarding
their impact on medical education. Concerns arise regarding the
balance between providing adequate training for future clinicians and
optimizing OR workflow to increase productivity and reduce costs
(Udelsman, 2003). Experience in the OR influences students’ interest
in pursuing careers in anesthesiology (Rukewe et al., 2017; Emmanouil
et al., 2017), and the lessons learned during clinical rotations can
influence patient care and surgical case timing (Udelsman, 2003).

While several previous studies have examined the impact of
anesthetic residents on surgical case timing (Browne et al., 2011; Davis
et al.,, 2006; Lynch et al., 2024; Hoffman et al., 2019), there is a
knowledge gap in understanding the contribution of fifth-year
medical students to OR efficiency. This study seeks to provide insights
into the impact of fifth-year medical student training on key time
metrics, OR efficiency, and patient outcomes, contributing to the
ongoing dialogue about optimizing medical education in the
perioperative setting.

2 Materials and methods

2.1 Study design

This prospective observational study was conducted to assess the
impact of anesthesia clerkship training on surgical procedure time
(SPT) between April and July 2022 in the operating theatre of Prince
of Songkla University, a tertiary university hospital in Songkhla,
southern Thailand. This study was approved by the Institutional
Human Research Ethics Committee of the Faculty of Medicine, Prince
of Songkla University (REC.65-156-8-1).

2.2 Outcomes

1 Primary outcomes were quantified to compare the impact of
fifth-year medical students’ involvement in anesthetic
procedures on key time metrics, including anesthesia release
time (ART), anesthesia-controlled time (ACT), anesthetic
preparation time (APpT), and anesthetic procedure time
(APT), relative to procedures involving anesthetic residents
and student nurse anesthetists.
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2 Secondary outcomes were: (a) to assess the effect of medical
student involvement on overall surgical case timing, specifically
focusing on total case time (TCT) and surgical time (ST); (b)
to evaluate and compare the perceived difficulty of case
induction among fifth-year medical students, anesthetic
residents, and student nurse anesthetists; (c) to analyze the
number of attempts and success rates of anesthetic procedures
across the three groups of trainees; and (d) to compare the
incidence of immediate postoperative complications, with a
focus on airway-related issues, among procedures performed
by the three groups.

2.3 Participants

The participants in this study were categorized into three groups:
(1) 5th-year medical students, (2) anesthetic residents, and (3) student
nurse anesthetists. Time measurements were recorded for each group.

The participants were assigned to care for patients with an
American Society of Anesthesiologists (ASA) physical status of I-II,
who were scheduled for elective obstetric-gynecologic or general
surgery under subarachnoid block (SAB) or general anesthesia (GA).
However, participants assigned to care for patients with ASA class >
II or those involved in emergency procedures were excluded from
the study.

2.4 Study setting

The study was conducted in the ORs at Prince of Songkla
University. The hospital features multiple standardized ORs equipped
for a wide range of surgical procedures. Each participant managed
patients admitted to the OR, where they were prepared for surgery by
an assigned anesthesia team consisting of 5th-year medical students,
anesthetic residents, or student nurse anesthetists.

Fifth-year medical students had limited exposure to anesthesia,
with rotations lasting 1 week, whereas anesthetic residents and student
nurse anesthetists had ongoing, immersive training in anesthesia.

All teaching faculty were board-certified anesthesiologists with a
minimum of 1year of clinical and teaching experience. While the level
of commitment to teaching varied, all instructors were required to
provide consistent, hands-on guidance during procedures to ensure
that all trainee groups received high-quality education. Teaching
methods before the start of each case were standardized across all
trainee groups using a predefined curriculum covering intubation and
spinal block techniques, ensuring that all trainees received equal
instruction time and exposure to key procedural tasks.

Anesthetic techniques were standardized across all procedures,
following a consistent protocol. All procedures were supervised by
experienced anesthesiologists to ensure adherence to these
standardized techniques.

2.5 Data collection

The study was conducted by M.S., S.C., TK,, and trained observer
nurse anesthetists in each OR who observed and recorded the data on
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standardized forms. Eligible participants were carefully screened, and
baseline data of patients under their care were collected. Specific time
points during the perioperative period were meticulously recorded.
Time measurements were recorded at the nearest 20-s interval using
synchronized theatre clocks. To minimize bias, the OR staff were not
informed of the nature of the project and were instructed to perform
all duties as usual.

2.6 Time definition

Time definitions were based on the Association of Anesthesia
Clinical Directors Procedural Times Glossary (Donham, 1998).

TCT refers to the period from patient entry into the anesthetic
room to departure from the OR.

1 ART refers to the time at which a sufficient level of anesthesia
is established, allowing for surgical preparation to begin. ART
was used as a marker for the completion of this phase (e.g.,
endotracheal intubation and placement of the pulmonary
artery catheter).

2 ACT refers to the period from when the patient enters the
anesthetic room until they are ready for surgical skin preparation,
in addition to the time from surgical dressing application to the
time of departure from the OR and includes all time intervals
during which the anesthetic team can affect the workflow.

3 APpT refers to the time from patient entry into the OR to the
start of the anesthetic procedure.

4 APT refers to the period from the start of the anesthetic procedure
to its completion (e.g., GA: time starts from pre-oxygenation until
the endotracheal tube position is confirmed; SAB: time starts
from when local anesthesia is injected into the patient’s skin until
an adequate level of anesthesia is reached).

5 ST begins when the patient is ready for skin preparation and
continues until the dressing is applied at the end of surgery.

6 SPT refers to the time from the end of ART to skin incision or
the occurrence of a painful stimulus.

7 'Therefore, ACT + ST=TCT. Clear identifiable events were
selected to designate the time points to minimize the variation
between observers. Time points were documented on a data
collection form. Additionally, the component task times
were recorded.

2.7 Statistical analysis

The sample-sized calculation was based on a previous study; the
ACT was 37.1 + 8.8 min for the group with medical students, compared
to 31.9+5.4min for the group without medical students (Browne
et al,, 2011). The statistical power was 80% with a significance level
(alpha) of 0.05. This calculation ensures that the study has sufficient
power to detect a clinically significant difference between groups while
controlling for the likelihood of Type-I errors. Assuming that 10% of
the study participants would withdraw from the study, 37 patients per
group were required.

Analyses were performed using R software, version 4.1.0.
Continuous variables were expressed as median and interquartile range
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(IQR) because the data were not normally distributed. The Shapiro—
Wilk test was used to assess the distribution along the Gaussian curve,
and the skewed distribution justified the use of median and IQR instead
of mean and standard deviation. Differences between groups were
analyzed using the Kruskal-Wallis test for non-parametric data, followed
by pairwise comparisons using the Wilcoxon rank-sum test with Holm
correction. For categorical data, the Chi-square test or Fisher’s exact test
was applied as appropriate. A p-value <0.05 was considered
statistically significant.

3 Results

Complete datasets were collected from 111 eligible patients
undergoing obstetric-gynecologic and general surgery procedures.
These patients were evenly distributed among three groups of
anesthesia providers: (1) fifth-year medical students, (2) anesthetic
residents, and (3) student nurse anesthetists. Each group was
responsible for taking care of 37 patients, ensuring an equal distribution
across the study. Table 1 presents the groups’ baseline characteristics.

3.1 Key time intervals

Fifth-year medical students exhibited prolonged times across
multiple measured intervals, including ART, ACT, APpT, and APT,
compared to anesthetic residents and student nurse anesthetists. These
differences were statistically significant, indicating that the
involvement of fifth-year medical students was associated with
extended anesthetic management times (Tables 2, 3).

3.2 ART

Fifth-year medical students had significantly prolonged ART
compared with both anesthetic residents and student nurse anesthetists.

3.3ACT

A significant increase in ACT was observed for fifth-year medical
students compared to anesthetic residents, while no significant
difference was found compared to student nurse anesthetists.

3.4 APT and APpT

Similar trends were noted, with fifth-year medical students
showing significantly longer APT and APpT than the other groups,
highlighting the impact of medical student involvement on these
specific time intervals.

3.5 ART/TCT and ACT/TCT

Fifth-year medical students had higher ART/TCT ratios than
student nurse anesthetists, with no significant difference observed
when compared to anesthetic residents. ACT/TCT ratios were slightly
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TABLE 1 Demographic and clinical characteristics of patients managed by each group.

Nurse anesthetists
(n=37)

Anesthetic residents
(n=37)

Demographic and clinical =~ Fifth-year medical

students (n = 37)

characteristics of patients

Age, yrs., median (IQR) 47 (35, 58) 38 (32,51) 53 (43, 60) 0.006
Sex, n (%) 1
Female 32 (86.5%) 32 (86.5%) 33 (89.2%)

Male 5(13.5%) 5(13.5%) 4 (10.8%)

Body weight, kg, median (IQR) 63 (57,75) 66 (58, 77) 60 (56, 68) 0.309
Body height, cm, median (IQR) 159 (152, 165) 160 (156, 164) 157 (154, 163) 0.345
BMI, kg/m2, mean +SD 25.8+3.9 26.2+4.4 25.4+4.9 0.723
ASA classification, median (IQR) 2(2,2) 2(2,2) 2(2,2) 0.419
Choice of anesthesia; n

General anesthesia 27 19 37 0.053
Spinal block 10 18 - 0.051
Type of operation; 1 (%) 0.625
OB-GYN 15 (40.5%) 19 (51.4%) 18 (48.6%)

General surgery 22 (59.5%) 18 (48.6%) 19 (51.4%)

Time of day 0.316
First case 19 (51.4%) 14 (37.8%) 13 (35.1%)

All other cases 18 (48.6%) 23 (62.2%) 24 (64.9%)

ASA, American Society of Anesthesiologists; BMI, body mass index; IQR, interquartile range; OB-GYN, obstetrics and gynecology. T p-values were calculated using the Kruskal-Wallis test for
comparing medians of continuous variables, Fisher’s exact test for categorical variables with small sample sizes, analysis of variance test for comparing means of continuous variables with
normal distribution, and Chi-square test for comparing proportions across groups.

TABLE 2 Component times and their proportions of total case time among medical students, residents, and nurse anesthetists.

Anesthetic residents Nurse anesthetists

Component times

Fifth-year medical

students (n = 37) (n =37) (n =37)
ART (minutes) 20 (15, 25)* 14 (11, 16) 14 (10, 18) <0.001
% ART/TCT 13.3% 12.8% 8.4% 0.005
0.2 (0.1,0.3)° 0.1 (0.1,0.2)° 0.1 (0.1,0.1)
ACT (minutes) 40 (36, 47)° 27 (23, 35)° 38 (30, 50) <0.001
% of ACT/TCT 26.7% 24.8% 22.8% 0.048
0.3 (0.2,0.5) 0.3 (0.2,0.4) 0.2 (0.2,0.3)
APpT (minutes) 5(3,10)° 5(3,7) 4(2,5) 0.034
APT (minutes) 11 (9,15)* 7(5,9) 9(5,11) 0.002
SPT (minutes) 11(7,19) 13 (10,19) 15 (10, 21) 0.304
ST (minutes) 101 (46, 165) 78 (53, 115)° 137 (83, 153) 0.029
TCT (minutes) 150 (70, 205) 109 (80, 160) 167 (125, 205) 0.006

ACT, anesthetic-controlled time; APT, anesthetic procedure time; APpT, anesthetic preparation time; ART, anesthetic release time; SPT, surgical preparation time; ST, surgical time; TCT, total
case time. Measurements are medians (IQR). T p-values were calculated using the Kruskal-Wallis test to assess differences between groups for all variables.

*Comparison between fifth-year medical students and anesthetic residents with statistical significance.

"Comparison between fifth-year medical students and nurse anesthetists with statistical significance.

“Comparison between anesthetic residents and nurse anesthetists with statistical significance.

elevated in the medical student group but did not differ significantly
across the groups.

3.6 STand TCT

No significant differences were observed in ST and TCT between
fifth-year medical students and the other groups, although student
nurse anesthetists had extended ST and TCT compared to anesthetic
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residents, suggesting a variability in surgical timing based on the type
of trainee (Table 2).

3.7 Difficulty of case induction and success
rates

Fifth-year medical students rated case induction as significantly
more difficult than the other groups, reflecting their relative lack of
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experience. However, the number of attempts and success rates of
procedures did not differ significantly across the groups, indicating
that while perceived difficulty was higher, performance was
comparable (Table 4).

3.8 Complications

Immediate postoperative complications, particularly airway-
related issues, were more common among fifth-year medical students
than anesthetic residents. However, these complications did not differ
significantly between fifth-year medical students and student nurse
anesthetists. Intraoperative and 24-h postoperative complications
were similar across all groups, suggesting that the increased procedural
times did not adversely affect overall patient outcomes (Table 4).

4 Discussion

This study found that fifth-year medical students’ involvement in
anesthetic procedures significantly increased several key time metrics,
including ART, ACT, APpT, and APT, when compared to anesthetic

TABLE 3 Linear regression analysis of procedure timing differences
compared to fifth-year medical students.

Timing of Anesthetic p- Student p-
procedure residents = value nurse value!
anesthetist

ART —5.486 0.0015 —4.973 0.0038
ACT —11.243 <0.001 -3.27 0.067
APpT —0.865 0.431 —2.487 0.025
APT —4.027 0.0015 —2.7297 0.03
SPT 0.595 0.783 3351 0.122
ST -32.89 0.090 12.57 0515
TCT —46.243 0.0287 8.243 0.6934

ACT, anesthetic-controlled time; APT, anesthetic procedure time; APpT, anesthetic
preparation time; ART, anesthetic release time; SPT, surgical preparation time; ST, surgical
time; TCT, total case time. T p-values were calculated using the Wilcoxon rank-sum test with
continuity correction to compare differences between two independent groups. The Holm
method was used to adjust for multiple comparisons.

10.3389/feduc.2024.1446914

residents and student nurse anesthetists. This may be attributed to the
students’ lack of hands-on experience and clinical skills as well as the
brief duration of their rotation in anesthesiology (only 1 week). By
contrast, anesthetic residents and student nurse anesthetists, with
more advanced skills and experience, showed shorter procedure times.

These results align with and extend previous research on the
effects of trainee involvement in anesthetic procedures. Eappen et al.
(2004) reported similar findings, where teaching anesthesia residents
was associated with a statistically significant increase in the time
required for induction and emergence from anesthesia. Our study
corroborates these findings and further demonstrates that this effect
is even more pronounced with medical students, likely because of
their more limited experience compared to anesthetic residents.
Browne et al. (2011) found that the inclusion of anesthetic trainees
increased ACT during Cesarean sections by approximately 5.2 min.
Our results show a similar trend, with medical students’ involvement
leading to extended ACT compared to both anesthetic residents and
nurse anesthetists. This consistency across studies suggests a
generalizable effect of trainee involvement on procedural times,
regardless of the specific surgical context.

Interestingly, our study showed a higher proportion of ACT across
all groups, ranging from 22.6 to 26.7% of TCT, compared to the
previous literature. Davis et al. (2006) reported that teaching
anesthesia residents increased time to incision by a mean of
4.5+3.2min and this increase was insignificant compared with the
time required to complete the surgical procedure. Dexter et al. (1995)
found ACT in obstetric-gynecologic and general surgery in
approximately 15% of TCT cases. Meanwhile, Irani et al. (2010)
showed ART to be approximately 8.4 to 13.3% of the TCT. The
difference between these studies and ours may reflect changes in
anesthetic practices over time or variations in institutional protocols,
highlighting the need for ongoing research in this area.

4.1 Impact on operating room efficiency
and training balance

Enhancing OR efficiency often presents a challenge in academic
teaching hospitals, as it may compromise the training of medical
students and residents. As most surgical cases involve trained
clinicians, medical students’ involvement in anesthetic procedures

TABLE 4 Assessment of case difficulty, procedural attempts, success rates, and complications by medical students, residents, and nurse anesthetists.

5th-year medical Anesthetic Nurse anesthetists p-value'
students (n =37)  residents (n = 37) (n =37)
Difficulty of induction for the case on a scale of 1-5 (1=not 3(2,4)* 1(1,2) 1(1,2) <0.001
difficult, 3 =average difficulty, 5=very difficult), median (IQR)
Procedure attempt, median (IQR) 1(1,1) 1(1,1) 1(1,1) 0.269
Procedure success, 1 (%) 33 (89.2%) 37 (100%) 35 (94.6%) 0.162
Intraoperative complications, 1 (%) 21 (56.8%) 24 (64.9%) 18 (48.6%) 0.371
Immediate postoperative complications, 7 (%) 17 (45.9%) 7 (18.9%)* 17 (45.9%) 0.021
24-h postoperative complications, n (%) 11 (29.7%) 9 (24.3%) 6 (16.2%) 0.385

IQR, interquartile range. 1 p-values were calculated using the Kruskal-Wallis test for comparing differences among more than two groups in continuous data, Chi-squared test to assess the

association between categorical variables, and Fisher’s exact test for small sample sizes or when expected frequencies are low, to test the significance of the association between categorical

variables.

*Comparison between fifth-year medical students and anesthetic residents with statistical significance.
"Comparison between fifth-year medical students and nurse anesthetists with statistical significance.
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may affect both OR learning opportunities and patient care, including
procedural timing.

The concept of “time on task” refers to the correlation between
learning and time spent engaging with the subject material
(Spijkerman et al., 2024). However, equal time investment does not
result in the same benefit across different tasks, and such factors as the
nature and quality of activities and student engagement influence
learning (Godwin et al., 2021).

This study underscores the need for a balanced approach between
OR efficiency and the educational needs of medical trainees. The
significant differences in ART, ACT, APpT, and APT among the
groups did not translate into substantial clinical or economic impacts.
The slightly extended procedural times associated with fifth-year
medical students highlight the critical role of giving students hands-on
experience, a key component of their training in anesthesiology.
Educators should aim to provide adequate supervision to mitigate
risks while maintaining educational value. This result aligns with the
findings by Irani et al. (2010), who reported that 9.8% of TCT is spent
on educational activities, including developing clinical and
communication skills, which are vital for trainees’ development.
Moreover, previous literature, such as Mazzei (1994) and Dexter et al.
(1995), highlighted that even though ACT may be increased, the
overall effect on OR efficiency and costs is minimal, because the time
saved is often not enough to schedule additional cases during a
standard workday. Thus, the financial impact of ACT secondary to
teaching is minimal.

Although extended procedural times may raise concerns about
OR efficiency, this study found the overall impact to be modest. These
findings suggest that integrating medical education within the OR
does not significantly compromise the efficiency of surgical procedures
or patient outcomes. This result supports the education model in
teaching hospitals, where the presence of trainees is essential for a
robust learning environment and effective clinical training.

4.2 Complications and safety
considerations

Regarding patient safety, our study found a higher rate of immediate
airway complications among procedures involving fifth-year medical
students, although this difference did not persist in intraoperative or
24-h postoperative outcomes. This discrepancy in complications may
be attributed to the varying levels of clinical experience and expertise
among the groups. The advanced training and clinical exposure that
anesthetic residents undergo likely contribute to their proficiency in
managing airways and perioperative challenges, resulting in fewer
complications compared to less experienced trainees, such as medical
students and nurse anesthetists. This nuanced finding adds to the
literature on trainee involvement and patient outcomes, such as Lynch
etal. (2024), who found no significant difference in patient outcomes
between cases with and without anesthetic resident involvement.

These findings collectively suggest that while the involvement of
fifth-year medical students in anesthetic procedures increases certain
time metrics, it does not significantly impact the overall case duration
or patient safety. These results support the continued integration of
medical education within the OR, aligning with border literature on
the importance of experiential learning in medical training (Wijnen-
Meijer et al., 2022).
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5 Strengths, limitations, and future
directions

This study’s prospective design and the blinding of OR staff to
the research objectives are notable strengths that help reduce
other should
be acknowledged, including the single-center design and relatively

potential  biases. However, limitations
small sample size, which may limit the generalizability of the
findings. Additionally, the variability in teaching methods among
instructors could influence the time metrics observed, suggesting
that more standardized training protocols could benefit future
research. Moreover, we recognize that the shorter anesthesia
rotation (one week) for fifth-year medical students compared to the
immersive training received by anesthetic residents and nurse
anesthetists likely influenced the procedural times and perceived
difficulty. This variation in exposure could have introduced biases,
which were not fully controlled in this study.

Future studies should aim to explore this research topic in larger
and more diverse cohorts, possibly extending the evaluation to include
the broader benefits of perioperative care and management skills
acquired by medical students. Understanding the full scope of
educational value within the OR beyond just procedural timing would
help refine training programs and optimize the balance between
education and efficiency in teaching hospitals.

6 Conclusion

These findings indicate that fifth-year medical students’
involvement in anesthetic procedures leads to some increases in
specific time metrics. However, their involvement does not
significantly compromise overall OR efficiency or patient safety.
This supports the continued integration of hands-on training for
medical students in the OR, with appropriate supervision to
manage the slightly increased risk of immediate postoperative
complications. Further research is needed to optimize the balance
between educational opportunities and OR efficiency, particularly
focusing on strategies to reduce the incidence of immediate
associated ~ with  medical

postoperative  complications

student involvement.
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