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AB STR AC T  

Background. Excessively deep hypnosis after induction is detectable with the bispectral 
index (BIS), but its relation to residency training level is incompletely quantified. 

Objective. To compare induction depth across seven semesters of anesthesiology resi-
dency. 

Methods. This prospective observational study enrolled 21 residents (three per semester, 
I–VII), each managing five ASA I–II adults (n=105) in Malang, Indonesia, during April–De-
cember 2024. A standardized fentanyl–midazolam–propofol protocol was used under at-
tending supervision. The primary outcome was BIS 2 min after intubation. Group-level 
analyses included sensitivity analyses for clustering and unmeasured joint distributions. 

Results. In post hoc analyses, mean BIS rose by 2.47 units per semester across semesters 
I–V (95% CI 1.00–3.94; p=0.001), with no significant subsequent change. BIS <40 occurred 
after 46.7% of junior-led and 11.1% of senior-led inductions (risk difference 35.6 percent-
age points, 95% CI 15.0–53.9; Holm p=0.003). The difference persisted under the reported 
clustering and confounding sensitivity analyses. Juniors used more propofol (2.4 vs 1.9 
mg/kg; p<0.001). Hypotension did not differ significantly (30.0% vs 17.8%; p=0.265); its 
association with BIS <40 was not identifiable. 

Conclusion. Junior residents more often induced BIS <40 and used larger propofol doses. 
Post-induction BIS is a candidate metric for formative feedback; these observational data 
do not establish patient harm. 
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1. Introduction 

Excessive hypnotic depth is one of the most frequent and 
least visible deviations in everyday general anesthesia. In a 
departmental audit of 7,031 anesthetics monitored with 
the bispectral index (BIS), a quarter of cases spent at least 
15 min with BIS below 35 while the delivered volatile dose 
exceeded the age-adjusted minimum alveolar concentra-
tion.1 Whether such depth harms patients has been tested 
in large trials with mixed results. Targeting a BIS of 50 ra-
ther than 35 reduced postoperative delirium from 28% to 
19% in 655 at-risk patients (odds ratio [OR] 0.58),2 
whereas electroencephalography (EEG)-guided titration 
did not reduce delirium in the ENGAGES and ENGAGES-
Canada trials despite halving the duration of EEG suppres-
sion,3,4 and lighter versus deeper BIS-targeted anesthesia 
did not significantly change 1-year mortality in the 6,644-
patient BALANCED trial.5 Meta-analyses place the benefit of 
processed-EEG guidance on delirium at an OR of 0.78 to a 
risk ratio of 0.81.6,7 The EEG signatures most consistently 
linked with delirium — burst suppression and loss of 
frontal alpha power — are the same patterns that a low BIS 
is designed to detect,8,9 and they occur inadvertently and 
frequently during propofol-based anesthesia.10,11 

Induction is the phase in which depth is most easily over-
shot. The hypnotic effect of a propofol bolus depends on the 

dose, on the speed of injection and on patient factors: re-
quirement for loss of consciousness falls by 15–39% with 
advancing age,12 and faster injection increases the induc-
tion dose, the incidence of burst suppression and the low-
est BIS reached.13 The clinical endpoint commonly used to 
stop injecting, loss of the eyelash reflex, occurs at BIS val-
ues of about 61–65,14 so the window between an adequate 
and an excessive dose is narrow, and intubation itself 
arouses the EEG within the following minutes.15 Propofol 
induction has also been associated with post-induction hy-
potension,16–18 whose incidence ranges from 31% to more 
than 80% depending on its definition and is associated 
with age, baseline pressure and body mass index.19–23 

Much of the variation in anesthetic practice is attributable 
to the clinician rather than to the patient. Risk-adjusted in-
traoperative hypotension can be measured at the level of 
the individual clinician, with reliable differences between 
clinicians and between fellows and attending staff in one 
multicenter evaluation, although another found little clini-
cian-level variation;24,25 13–26% of the variance in neuro-
muscular blocker use lies between providers;26 44% of the 
variation in peripheral nerve block use is attributable to 
the anesthetist;27 and vasopressor selection and inotrope 
use also vary between clinicians.28,29 If clinician-level varia-
tion is this large among specialists, variation by stage of 
training is likely to be larger still, yet it has rarely been 
measured with a physiological endpoint. 
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Residency programs increasingly describe progress in 
terms of milestones and entrustable professional activities 
(EPAs), but the tools that support these judgements are 
mostly observational ratings. Workplace-based EPA rat-
ings in anesthesiology need at least 12 observations to 
reach acceptable reliability, and only two of seven EPAs 
discriminated between residents in a recent evaluation;30,31 
longitudinal milestone data from five programs showed 
variation in residents' starting levels and rates of improve-
ment across both residents and programs.32 Objective 
learning curves exist mainly for procedural skills — flexi-
ble bronchoscopic intubation after about 15 procedures, 
hyperangulated videolaryngoscopy after a median of 12 at-
tempts, caudal block after 9–13 attempts and transesopha-
geal echocardiography after about 20 studies — and cumu-
lative-sum (CUSUM) methods have limited accuracy for 
high-stakes decisions.33–37 Structured teaching and EPA-
based feedback can accelerate these curves.38,39 Titration of 
a hypnotic, by contrast, is a continuous pharmacological 
skill without a pass–fail endpoint, and the degree to which 
supervision shapes it is unknown: higher attending staffing 
ratios worsen surgical outcomes, novices value direct at-
tending supervision, and postanesthesia care training re-
quires supervised patient assessment and safe transfer of 
care.40–42 

Processed EEG offers a candidate metric. A 35-min training 
session improved clinicians' recognition of EEG depth pat-
terns from 60% to 78%,43 an EEG-guided curriculum im-
proved residents' knowledge,44 and institutional education 
programs increased intraoperative use of processed EEG to 
61% of general anesthetics.45 A decision-support display 
reduced the time spent at BIS <40 and the incidence of se-
vere hypotension,46 Bayesian advisory tools for propofol 
have been proposed as teaching aids for novices,47 BIS-
guided closed-loop propofol delivery has been associated 
with lower propofol consumption than manual control,48 
and just-in-time coaching of inexperienced clinicians im-
proves first-attempt success while lowering cognitive 
load.49 Education alone, however, did not reduce hypoten-
sion where software guidance did.50 

These questions matter particularly in Indonesia and 
Southeast Asia. Physician anesthesia provider density is 
below five per 100,000 population in 76 countries and 
around one per 100,000 in Thai provinces, so residents de-
liver a large share of anesthetics.51,52 Only 13.7% of 531 an-
esthesiologists surveyed in Singapore, Thailand and Korea 
monitored depth in every patient,53 although EEG-guided 
care has reduced anesthetic exposure and burst suppres-
sion in a regional trial.54 Indonesian studies have shown a 
training-level gradient in residents' clinical reasoning and 
a benefit of simulation for teaching anesthetic pharmacoki-
netics, while the international ANTS framework provides a 
basis for assessing nontechnical skills; these approaches do 
not directly quantify post-induction anesthetic depth.55–57 
We therefore examined, in a teaching hospital in East Java, 
how BIS 2 min after intubation, propofol dose, time to loss 
of consciousness and post-induction hypotension differed 
across seven semesters of residency. We hypothesized that 
junior residents would induce deeper hypnosis than senior 
residents and that the difference would be robust to the 
nesting of patients within residents and to patient charac-
teristics. 

2. Methods 

2.1. Study design and reporting 

This was a prospective, single-center observational study 
comparing residents at different stages of training, each 
observed during the same standardized induction. It is re-
ported according to the Strengthening the Reporting of Ob-
servational Studies in Epidemiology (STROBE) statement.  

2.2. Setting 

The study was conducted in the central operating theaters 
of Dr. Saiful Anwar Regional General Hospital, Malang, East 
Java, Indonesia, a provincial tertiary referral center and the 
principal teaching hospital of the Faculty of Medicine, Uni-
versitas Brawijaya, between April and December 2024. The 
anesthesiology residency is organized in semesters; se-
mesters I–II form the foundational phase and semesters V–
VII the advanced, pre-specialist phase. BIS monitoring is 
used routinely in the department, so residents and super-
visors were familiar with the device before the study. 

2.3. Participants and eligibility 

Residents in semesters I to VII were eligible if they had 
completed the department's foundational training and had 
passed the institutional Direct Observation of Procedural 
Skills assessment for tracheal intubation; residents who 
had not completed the mandatory induction-protocol 
training were excluded. To obtain equal representation of 
each training level, the first three residents in each semes-
ter who had an eligible patient during the study period 
were enrolled (21 residents). Each resident then managed 
five consecutive eligible patients (15 per semester; 105 in 
total). Patients aged 18–65 years with American Society of 
Anesthesiologists (ASA) physical status I or II scheduled for 
elective surgery under general anesthesia with tracheal in-
tubation were eligible. Patients were excluded for known 
or suspected central nervous system disease (epilepsy, 
stroke, dementia), current psychoactive medication, a pre-
operative Glasgow Coma Scale score below 15, allergy to 
any study drug, contraindications to frontal sensor place-
ment (facial trauma, skin infection) or unstable hemody-
namics. 

2.4. Anesthetic protocol 

On arrival in the operating room, five-lead electrocardiog-
raphy, noninvasive blood pressure cycling every 3 min, 
pulse oximetry and, after intubation, capnography were 
applied. A four-electrode BIS Quatro sensor was placed on 
the forehead after skin preparation with isopropyl alcohol, 
impedance was confirmed to be below 5 kΩ, and the signal 
from a stand-alone BIS monitor (Covidien) was allowed to 
stabilize for at least 3 min before the baseline value was 
recorded. No sedative premedication was given. The resid-
ent administered fentanyl 2 µg/kg and midazolam 0.03 
mg/kg intravenously and, 1 min later, titrated propofol to 
loss of the eyelash reflex, which defined loss of conscious-
ness; the total propofol dose was recorded. Atracurium 0.5 
mg/kg was then given, the trachea was intubated, and 
placement was confirmed by auscultation and sustained 
end-tidal carbon dioxide. Anesthesia was maintained with 
sevoflurane in 50% oxygen in air, and the resident adjusted 
the end-tidal concentration to maintain hemodynamic sta-
bility and a BIS of 40–60. 

2.5. Supervision 

Every case was supervised in the room by one of ten board-
certified anesthesiologists (mean 12.5 years of specialist 
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experience). Supervisors were not matched to resident 
seniority; the attending on call for the operating room su-
pervised the case. All supervisors were briefed on the pro-
tocol and asked to observe without verbal or physical inter-
vention unless a predefined safety threshold was about to 
be crossed: mean arterial pressure (MAP) below 55 or 
above 120 mmHg, heart rate below 40 or above 120 
beats/min, or oxygen saturation below 90%, sustained for 
more than 1 min. 

2.6. Outcomes and operational definitions 

A research assistant who was not part of the clinical team 
recorded all data prospectively. BIS was recorded at three 
time points: T1, immediately before induction; T2, exactly 
2 min after successful intubation; and T3, 5 min after skin 
incision. The primary outcome was BIS at T2, analyzed as a 
continuous value and in three categories: deep (BIS <40), 
target (40–60) and light (>60). Secondary outcomes were 
the weight-normalized propofol induction dose (mg/kg), 
the time from the start of propofol injection to loss of con-
sciousness (s), the proportion of patients with BIS <40 at 
T2, and post-induction hypotension, defined as a fall in 
MAP of more than 20% from baseline (the T1 value) at any 
time within 10 min of induction. MAP and heart rate were 
also recorded at T1–T3. 

2.7. Sample size 

The sample was fixed by design (three residents per se-
mester, five patients per resident) rather than by a formal 
power calculation. Its precision is therefore reported expli-
citly: the width of the 95% confidence interval (CI) for each 
key proportion, the number of patients that would be re-
quired for half-widths of 10 and 5 percentage points, the 
smallest difference in hypotension detectable with 80% 
power, and the number of residents needed for a future 
cluster-aware study. 

2.8. Ethics 

The study protocol was approved by the CMHC Research 
Center Ethics Committee, Indonesia (Approval No. 
2024/8854) in 2024, before enrollment began. Written in-
formed consent was obtained from every participating res-
ident and patient before any study procedure, covering the 
observational nature of the study, monitoring procedures, 
confidentiality and the right to withdraw. The study was 
conducted in accordance with the Declaration of Helsinki. 

2.9. Data available for analysis 

The analyses in this article were performed on the study's 
group-level data: semester-level means and standard devi-
ations (SDs) of BIS at T1–T3, patient age and body mass in-
dex; semester-level counts of patient sex and ASA status; 
resident age and sex by semester; training-level counts of 
BIS categories at T2; and junior-versus-senior summaries 
of propofol dose, time to loss of consciousness, hypoten-
sion and BIS <40. Patient-level records linking BIS cate-
gory, dose, hypotension and patient characteristics within 
individuals, resident and supervisor identifiers, and semes-
ter-level values of the secondary outcomes were not avail-
able. MAP and heart rate at T1–T3 were therefore not ana-
lyzable. For the intermediate group, the number of patients 
with BIS <40 was available only as approximately 25% of 
30 (7 or 8 patients); every analysis involving that group 
was run under both admissible counts. There were no 
missing values for any variable analyzed. Because semes-
ter-level values of the secondary outcomes were unavaila-
ble, secondary outcomes could be compared only between 

the junior and senior groups, an extreme-groups contrast 
that tends to overstate standardized effects relative to the 
full training range. 

2.10. Statistical analysis 

Continuous variables are presented as mean ± SD with 
95% CIs, and categorical variables as counts and percent-
ages with Wilson score 95% CIs. Comparisons across the 
seven semesters used one-way analysis of variance 
(ANOVA) and Welch's ANOVA computed from the semester 
means, SDs and sizes, which are sufficient statistics for 
these tests under the assumption of approximately normal 
within-semester distributions; effect size is reported as η² 
with a 95% CI obtained by inverting the noncentral F dis-
tribution, and as ω². A linear contrast with semester scores 
1–7 tested for a trend and yielded the slope in BIS units per 
semester; the residual between-semester variation tested 
deviation from linearity, and the patient-level Pearson cor-
relation between semester and BIS was computed exactly 
from the same quantities. Pairwise differences between se-
mesters were tested with the Games–Howell procedure, 
which allows unequal variances and controls the family-
wise error over all 21 comparisons, with Tukey–Kramer 
results shown for comparison. 

Training levels were defined a priori as junior (semesters 
I–II; 6 residents, 30 patients), intermediate (III–IV; 6 resid-
ents, 30 patients) and senior (V–VII; 9 residents, 45 pa-
tients); pooled means and SDs for each level were derived 
exactly from the semester statistics. Junior and senior res-
idents were compared with Welch's t test, mean differ-
ences with 95% CIs and Hedges g for continuous outcomes, 
and with Fisher's exact test, risk differences (RD) with 
Newcombe hybrid-score CIs, risk ratios (RR) and condi-
tional maximum-likelihood ORs with exact CIs for binary 
outcomes; Cohen h was used to place binary outcomes on 
the same standardized scale as g. The distribution of BIS 
categories across the three levels was tested with the 
Fisher–Freeman–Halton exact test by complete enumera-
tion of all tables with the observed margins, Cramér's V, the 
linear-by-linear association test and the Cochran–Armitage 
trend test for BIS <40. A proportional-odds model with 
training level scored 1–3 estimated the common OR for a 
higher BIS category, and separate binary logistic models at 
each cut-point examined whether the proportional-odds 
assumption held. 

Two sensitivity analyses addressed features of the design 
that the group-level data could not model directly. First, be-
cause each resident managed five patients, outcomes may 
be correlated within residents. Test statistics were deflated 
by the square root of the design effect, 1 + (m − 1) × ICC 
with m = 5, across intraclass correlation coefficients (ICCs) 
from 0 to 0.50; t-based tests were referred to resident-level 
degrees of freedom (13 for junior-versus-senior comparis-
ons and 14 for seven-semester analyses), and the tipping-
point ICC at which each result lost significance was located. 
Second, because the joint patient-level distribution of BIS 
category, hypotension, ASA status and sex was not availa-
ble, a bounds analysis was run over all datasets consistent 
with the published margins. For the association between 
BIS <40 and hypotension, every admissible 2×2 table 
within the junior and senior strata was enumerated and 
summarized by the attainable range of the OR (with Hal-
dane–Anscombe correction for zero cells), Fisher p values 
and the stratified Mantel–Haenszel OR. For multivariable 
questions, admissible patient-level datasets were gener-
ated by permuting each variable within training level, 
which preserves every published margin; Firth-penalized 
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logistic regression was fitted to 4,000 random admissible 
datasets, and 12-restart hill-climbing searched for each co-
efficient's minimum and maximum. Wald p values are re-
ported for Firth coefficients. Because random sampling and 
hill-climbing cannot guarantee that global extremes are 
found, the reported ranges are the attainable values found 
by the search (random seed 20261012; 500 swap propos-
als per restart). Model A regressed BIS <40 on junior level, 
ASA II and male sex; model B regressed hypotension on BIS 
<40, junior level, ASA II and male sex. A measure whose at-
tainable range spans the null is reported as not identifiable 
from these data; a conclusion that holds in every admissi-
ble dataset is reported as robust. 

All tests were two-sided with α = 0.05, and p values are re-
ported to three decimal places. Analyses were performed 
in Python 3 with SciPy 1.18.1, statsmodels 0.15.0 and 
NumPy 2.4.4; the data set and code are provided in Supple-
mentary File 2. The four junior-versus-senior secondary 
outcomes (propofol dose, time to loss of consciousness, BIS 
<40 and hypotension) were treated as one family, and 
Holm–Bonferroni-adjusted p values are reported alongside 
unadjusted values. Because learning curves are typically 

nonlinear, curvature of the T2 trajectory was examined 
post hoc with a quadratic contrast, separate slopes were 
estimated for semesters I–V and V–VII, and the stability of 
the linear trend was checked by omitting one semester at a 
time. Approximate normality of BIS within semesters was 
checked by confirming that mean ± 2 SD lay within the 0–
100 scale for every semester. 

3. Results 

3.1. Participants 

All 21 residents and 105 patients completed the protocol 
and were analyzed (Figure 1). Residents were 31.3 ± 2.7 
years old and 16 of 21 (76.2%) were men; neither age 
(p=0.777) nor sex (p=0.748) differed between semesters. 
Patients were 42.9 ± 11.2 years old, 53 (50.5%) were men, 
mean body mass index was 24.0 ± 3.0 kg/m², and 70 
(66.7%) were ASA physical status I. Age (p=0.999), sex 
(p=0.977), body mass index (p=0.994) and ASA status 
(p=0.991) were similar across semesters, as detailed in Ta-
ble 1. 

 
Figure 1. Study flow. Twenty-one residents (three per semester) each managed five consecutive eligible patients; all 105 patients were analyzed. The 
middle row shows the training-level groups and the box below them the analysis sets. The dashed box summarizes how the nested design and the absence 
of linked patient-level data were handled. 

Table 1. Characteristics of the residents and their patients by residency semester 

Character-
istic Sem I Sem II Sem III Sem IV Sem V Sem VI Sem VII All p 

Residents (n=3 per semester; 21 in total) 

Age, years, 
mean ± SD 

31.7 ± 2.9 29.0 ± 0.0 31.3 ± 2.1 31.0 ± 4.4 32.0 ± 3.5 31.3 ± 1.2 33.0 ± 3.6 31.3 ± 2.7 0.777ᵃ 
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Character-
istic Sem I Sem II Sem III Sem IV Sem V Sem VI Sem VII All p 

Male, n/3 3/3 3/3 2/3 2/3 2/3 3/3 1/3 16/21 
(76.2%) 

0.748ᵇ 

Patients (n=15 per semester; 105 in total) 

Age, years, 
mean ± SD 

42.1 ± 11.2 43.5 ± 10.8 41.9 ± 12.1 44.0 ± 11.5 42.8 ± 10.9 43.2 ± 11.7 42.5 ± 12.3 42.9 ± 11.2 0.999ᵃ 

Male, n (%) 7 (46.7) 8 (53.3) 7 (46.7) 9 (60.0) 8 (53.3) 6 (40.0) 8 (53.3) 53 (50.5) 0.977ᵇ 

BMI, kg/m², 
mean ± SD 

24.1 ± 3.1 23.8 ± 2.9 24.5 ± 3.3 23.9 ± 3.0 24.2 ± 3.2 24.0 ± 2.8 23.7 ± 3.1 24.0 ± 3.0 0.994ᵃ 

ASA physi-
cal status 
I/II, n 

10/5 9/6 11/4 10/5 9/6 10/5 11/4 70/35 0.991ᵇ 

Notes: ASA, American Society of Anesthesiologists; BMI, body mass index; Sem, semester. Each semester contributed three residents and 15 patients (5 per resident). ᵃ One-way ANOVA 
computed from the semester means and SDs. ᵇ Fisher–Freeman–Halton exact test (Monte Carlo, 20,000 tables). 

3.2. BIS before induction and after incision 

The trajectories of BIS through induction and early mainte-
nance are shown in Figure 2 and summarized in Table 2. 
Baseline BIS differed between semesters (F(6,98)=7.98, 
p<0.001; η²=0.328, 95% CI 0.146–0.423), with semester 
means ranging from 85.7 in semester IV to 96.3 in semester 
III, but the differences showed no linear relation to training 
(slope 0.12 BIS units per semester, 95% CI −0.43 to 0.67; 
p=0.662), and the pooled baseline means of the junior, in-
termediate and senior groups were identical (91.0 in each). 

BIS fell by 36.3–53.0 units from T1 to T2 in every semester; 
pooled by training level, the mean fall was 50.5 units in jun-
iors, 46.4 in intermediate residents and 43.0 in seniors, 
mirroring the T2 gradient (the SD of the change cannot be 
derived without within-patient correlations). Five minutes 
after incision, BIS no longer differed between semesters 
(F(6,98)=1.30, p=0.266) and showed no trend (p=0.947); 
every semester mean lay within the 40–60 target range 
(50.3–57.0). 

 
Figure 2. Bispectral index (BIS) before induction (T1), 2 min after intubation (T2) and 5 min after skin incision (T3) by residency semester. Points are 
means with 95% CIs (n=15 per semester), offset horizontally for legibility. Colors denote training level (vermilion, junior; orange, intermediate; blue, 
senior) and the shaded band the BIS 40–60 target. ANOVA and linear-trend p values are shown for each time point. 

Table 2. Bispectral index before induction, after intubation and after incision by residency semester 

Semester (training level) T1 baseline T2 2 min after intubation T3 5 min after incision 

I (junior) 89.0 ± 9.2 (83.9–94.1) 39.7 ± 8.5 (35.0–44.4) 50.7 ± 13.2 (43.4–58.0) 

II (junior) 93.0 ± 6.2 (89.6–96.4) 41.3 ± 9.9 (35.8–46.8) 57.0 ± 12.0 (50.4–63.6) 
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Semester (training level) T1 baseline T2 2 min after intubation T3 5 min after incision 

III (intermediate) 96.3 ± 2.9 (94.7–97.9) 43.3 ± 10.2 (37.7–48.9) 54.0 ± 9.3 (48.8–59.2) 

IV (intermediate) 85.7 ± 4.9 (83.0–88.4) 46.0 ± 8.7 (41.2–50.8) 52.0 ± 9.8 (46.6–57.4) 

V (senior) 86.0 ± 3.5 (84.1–87.9) 49.7 ± 7.5 (45.5–53.9) 50.3 ± 8.5 (45.6–55.0) 

VI (senior) 94.3 ± 6.0 (91.0–97.6) 48.3 ± 8.0 (43.9–52.7) 50.3 ± 8.5 (45.6–55.0) 

VII (senior) 92.7 ± 4.7 (90.1–95.3) 46.0 ± 7.3 (42.0–50.0) 56.7 ± 7.1 (52.8–60.6) 

Between-semester comparison 

One-way ANOVA F(6,98); p 7.98; <0.001 2.66; 0.020 1.30; 0.266 

Welch ANOVA p <0.001 0.029 0.210 

η² (95% CI) 0.328 (0.146–0.423) 0.140 (0.003–0.223) 0.074 (0.000–0.134) 

Linear trend, BIS units per semes-
ter (95% CI); p 

0.12 (−0.43 to 0.67); 0.662 1.40 (0.57–2.24); 0.001 0.03 (−0.93 to 1.00); 0.947 

Deviation from linearity, p <0.001 0.434 0.180 

Pooled mean ± SD: junior / inter-
mediate / senior 

91.0 ± 8.0 / 91.0 ± 6.7 / 91.0 ± 6.0 40.5 ± 9.1 / 44.7 ± 9.4 / 48.0 ± 7.6 53.9 ± 12.8 / 53.0 ± 9.4 / 52.4 ± 8.4 

Notes: Values are mean ± SD (95% CI of the mean), n=15 per semester. ANOVA statistics, η² and the linear contrast (semester scores 1–7) were computed from the semester means, 
SDs and sizes; the linear trend estimate is the least-squares slope across semester means. Pooled training-level means and SDs were derived exactly from the semester statistics (junior 
n=30, intermediate n=30, senior n=45). 

3.3. BIS 2 min after intubation across semesters 

Mean BIS at T2 increased from 39.7 ± 8.5 in semester I to 
49.7 ± 7.5 in semester V and was 48.3 ± 8.0 and 46.0 ± 7.3 
in semesters VI and VII (Figure 3). Between-semester dif-
ferences were significant by one-way ANOVA 
(F(6,98)=2.66, p=0.020) and by Welch's ANOVA (p=0.029), 
with η² of 0.140 (95% CI 0.003–0.223) and ω² of 0.087. A 
linear trend accounted for 69% of the between-semester 
variation, with BIS rising by 1.40 units per semester (95% 

CI 0.57–2.24; p=0.001), and the residual deviation from lin-
earity was not significant (p=0.434). The patient-level 
Pearson correlation between semester and T2 BIS, recov-
ered exactly from the semester summaries, was r=0.31. 
Pooled by training level, mean T2 BIS was 40.5 ± 9.1 in jun-
iors, 44.7 ± 9.4 in intermediate residents and 48.0 ± 7.6 in 
seniors (F(2,102)=6.90, p=0.002); juniors were 7.5 BIS 
units below seniors (95% CI −11.5 to −3.5; p<0.001; 
Hedges g −0.90). The junior–intermediate (−4.2 units; 
p=0.088) and intermediate–senior (−3.4 units; p=0.109) 
steps were not individually significant. 

 
Figure 3. BIS 2 min after intubation by residency semester. Points are means with 95% CIs; the gray line and band are the least-squares linear trend 
across semester means and its 95% confidence band. The shaded area marks BIS 40–60 and the dotted line BIS 40. All statistics were computed from the 
semester means and SDs. 

Of the 21 pairwise semester comparisons (Table 3 and Fig-
ure 4), only semester I versus semester V reached family-
wise significance (difference 10.0 BIS units, simultaneous 
95% CI 0.7–19.3; Games–Howell p=0.029; Tukey–Kramer 

p=0.033). Semester I versus VI (8.6 units; p=0.100) and se-
mester II versus V (8.4 units; p=0.161) pointed in the same 
direction, and no comparison between later and earlier se-
mesters favored the earlier semester by more than 3.7 
units. 
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Figure 4. Pairwise differences in mean BIS 2 min after intubation between semesters. Each cell gives the difference (row semester minus column semes-
ter, BIS units) and the Games–Howell family-wise adjusted p value; *p<0.05. Warm colors indicate a higher, lighter BIS in the later semester. 

Table 3. Pairwise comparisons of bispectral index 2 min after intubation between semesters 

Comparison (later vs ear-
lier semester) Mean difference, BIS units Simultaneous 95% CI Games–Howell p Tukey–Kramer p 

II vs I 1.6 −9.1 to 12.3 0.999 0.999 

III vs I 3.6 −7.3 to 14.5 0.937 0.914 

IV vs I 6.3 −3.7 to 16.3 0.433 0.424 

V vs I 10.0 0.7–19.3 0.029 0.033 

VI vs I 8.6 −1.0 to 18.2 0.100 0.103 

VII vs I 6.3 −2.9 to 15.5 0.339 0.424 

III vs II 2.0 −9.6 to 13.6 0.998 0.996 

IV vs II 4.7 −6.1 to 15.5 0.807 0.751 

V vs II 8.4 −1.8 to 18.6 0.161 0.120 

VI vs II 7.0 −3.5 to 17.5 0.365 0.296 

VII vs II 4.7 −5.4 to 14.8 0.754 0.751 

IV vs III 2.7 −8.3 to 13.7 0.985 0.978 

V vs III 6.4 −4.0 to 16.8 0.463 0.405 

VI vs III 5.0 −5.7 to 15.7 0.746 0.693 

VII vs III 2.7 −7.7 to 13.1 0.979 0.978 

V vs IV 3.7 −5.7 to 13.1 0.869 0.903 

VI vs IV 2.3 −7.4 to 12.0 0.987 0.991 



Journal of Anesthesiology and Clinical Research Vol. 6 · No. 2 · 2025 · pp. 201–217 

 

Suhadayanti et al. 208  

Comparison (later vs ear-
lier semester) Mean difference, BIS units Simultaneous 95% CI Games–Howell p Tukey–Kramer p 

VII vs IV 0.0 −9.3 to 9.3 1.000 1.000 

VI vs V −1.4 −10.4 to 7.6 0.999 0.999 

VII vs V −3.7 −12.3 to 4.9 0.813 0.903 

VII vs VI −2.3 −11.2 to 6.6 0.980 0.991 

Notes: Positive differences indicate a higher (lighter) BIS in the later semester. Games–Howell intervals and p values allow for unequal variances and control the family-wise error rate 
over all 21 comparisons; Tukey–Kramer values are shown for comparison. Computed from the semester means and SDs (n=15 each). 

3.4. Category of BIS after intubation by training level 

BIS <40 at T2 followed 14 of 30 junior-led inductions 
(46.7%, 95% CI 30.2–63.9), 7 or 8 of 30 intermediate-led 
inductions (23.3–26.7%) and 5 of 45 senior-led inductions 
(11.1%, 95% CI 4.8–23.5); BIS within the 40–60 target was 
reached in 43.3%, 63.3–66.7% and 80.0%, respectively, 
and BIS >60 in 10.0%, 10.0% and 8.9% (Table 4 and Figure 
5). Across all 105 patients, 24.8–25.7% had BIS <40 at T2. 
The distribution differed by training level (Fisher–Free-
man–Halton exact p=0.009 under either intermediate 

count; Cramér's V 0.25), with a monotonic decline in BIS 
<40 across levels (Cochran–Armitage z=−3.45, p<0.001). 
Each step up in training level multiplied the odds of a 
higher BIS category by 1.99–2.00 (95% CI 1.21–3.31; 
p=0.007), but the cut-point analysis showed that this com-
mon OR reflected the deep tail alone: the OR per level for 
BIS ≥40 versus <40 was 2.62–2.66 (lower 95% limit ≥1.48), 
whereas the OR for BIS >60 versus ≤60 was 0.93 (95% CI 
0.43–2.03). 

 
Figure 5. Category of BIS 2 min after intubation by training level. Left panel: distribution of patients across categories, with counts printed in the bars (the 
intermediate group's count of BIS <40 is 7 or 8). Right panel: proportion with BIS <40 with Wilson 95% CIs; both admissible intermediate values are 
shown (filled circle, 7 of 30; open square, 8 of 30). 

Table 4. Category of bispectral index 2 min after intubation by training level 

Training level BIS <40, n (%) [95% CI] BIS 40–60, n (%) [95% CI] BIS >60, n (%) [95% CI] 

Junior, semesters I–II (n=30) 14 (46.7) [30.2–63.9] 13 (43.3) [27.4–60.8] 3 (10.0) [3.5–25.6] 

Intermediate, semesters III–IV 
(n=30) 

7–8 (23.3–26.7) [11.8–44.4] 20–19 (66.7–63.3) [48.8–78.1] 3 (10.0) [3.5–25.6] 

Senior, semesters V–VII (n=45) 5 (11.1) [4.8–23.5] 36 (80.0) [66.2–89.1] 4 (8.9) [3.5–20.7] 

All patients (n=105) 26–27 (24.8–25.7) 69–68 (65.7–64.8) 10 (9.5) [5.3–16.6] 

Association with training level 

Fisher–Freeman–Halton exact test p=0.009 (intermediate 7) and p=0.009 (intermediate 8); Pearson χ²(4)=12.65–12.95; Cramér's V=0.25–0.25 

Cochran–Armitage trend, BIS <40 z=−3.45 and −3.45; p<0.001 in both 

Proportional-odds model, OR per 
level toward higher BIS 

1.99–2.00 (95% CI 1.21–3.31); p=0.007 

Cut-point-specific ORs per level BIS ≥40 vs <40: 2.62–2.66 (lower 95% limit ≥1.48); BIS >60 vs ≤60: 0.93 (95% CI 0.43–2.03) 

Notes: 95% CIs are Wilson score intervals. The intermediate group's deep-anaesthesia count is 7 or 8 (the source reported 'approximately 25%' and drew 25.0% of 30); every statistic 
is given for both admissible values. The exact test enumerated all 24,696 (7/20/3) and 26,376 (8/19/3) tables with the observed margins. Training level was scored 1–3; cut-point ORs 
come from separate binary logistic models. 
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3.5. Junior versus senior residents 

Junior residents gave 0.50 mg/kg more propofol than sen-
ior residents (2.4 ± 0.3 vs 1.9 ± 0.2 mg/kg; 95% CI 0.37–
0.63; p<0.001; Hedges g 2.02, 95% CI 1.46–2.59), a dose 
20.8% lower in seniors, and reached loss of consciousness 
7.0 s sooner (75 ± 15 vs 82 ± 12 s; 95% CI −13.6 to −0.4; 
p=0.037; g −0.52), as shown in Table 5 and Figure 6. The 
ratio of mean dose to mean induction time corresponded 
to roughly 1.9 mg/kg/min in juniors and 1.4 mg/kg/min in 
seniors. The risk difference for BIS <40 was 35.6 percent-
age points (95% CI 15.0–53.9; OR 6.79, 95% CI 1.92–28.30; 
RR 4.20, 95% CI 1.69–10.44; p<0.001), corresponding to 
one additional over-deep induction for every 2.8 junior-led 
inductions (95% CI 1.9–6.7; the reciprocal of the risk dif-
ference). Juniors reached the target range less often 
(43.3% vs 80.0%; RD −36.7 percentage points, 95% CI 

−55.0 to −14.4; p=0.001), whereas BIS >60 was equally un-
common (10.0% vs 8.9%; p=1.000). Hypotension occurred 
in 30.0% of junior-led and 17.8% of senior-led inductions 
(RD 12.2 percentage points, 95% CI −6.8 to 32.0; OR 1.96, 
95% CI 0.58–6.85; p=0.265). After Holm–Bonferroni ad-
justment across the four secondary outcomes, the differ-
ences in propofol dose (p<0.001) and BIS <40 (p=0.003) 
remained significant, whereas the difference in time to loss 
of consciousness did not (adjusted p=0.074). The CI of the 
risk difference for hypotension was wide; with 30 and 45 
patients, only a junior incidence of at least 48% (a differ-
ence of about 30 percentage points) would have been de-
tectable with 80% power. The standardized effects in this 
section derive from an extreme-groups comparison and 
overstate those expected across the full training range. 

 

Table 5. Induction outcomes in junior versus senior residents 

Outcome Junior (n=30) Senior (n=45) 
Difference (95% 

CI) 
Effect size (95% 

CI) p Holm p 

Propofol induction 
dose, mg/kg 

2.4 ± 0.3 1.9 ± 0.2 0.50 (0.37–0.63) g 2.02 (1.46–2.59) <0.001 <0.001 

Time to loss of 
consciousness, s 

75 ± 15 82 ± 12 −7.0 (−13.6 to 
−0.4) 

g −0.52 (−0.99 to 
−0.05) 

0.037 0.074 

BIS 2 min after in-
tubation 

40.5 ± 9.1 48.0 ± 7.6 −7.5 (−11.5 to 
−3.5) 

g −0.90 (−1.39 to 
−0.42) 

<0.001 — 

BIS <40, n (%) 14 (46.7) 5 (11.1) RD 35.6 pp (15.0–
53.9) 

OR 6.79 (1.92–
28.30); RR 4.20 

(1.69–10.44) 

<0.001 0.003 

BIS 40–60, n (%) 13 (43.3) 36 (80.0) RD −36.7 pp 
(−55.0 to −14.4) 

OR 0.20 (0.06–
0.60) 

0.001 — 

BIS >60, n (%) 3 (10.0) 4 (8.9) RD 1.1 pp (−12.4 
to 17.6) 

OR 1.14 (0.15–
7.31) 

1.000 — 

Hypotension (MAP 
fall >20%), n (%) 

9 (30.0) 8 (17.8) RD 12.2 pp (−6.8 
to 32.0) 

OR 1.96 (0.57–
6.85); RR 1.69 

(0.73–3.88) 

0.265 0.265 

Notes: BIS, bispectral index; g, Hedges g; MAP, mean arterial pressure; OR, conditional maximum-likelihood odds ratio with exact 95% CI; pp, percentage points; RD, risk difference 
(Newcombe hybrid score CI); RR, risk ratio. Continuous outcomes are mean ± SD and were compared with Welch's t test; binary outcomes with Fisher's exact test. Junior BIS values are 
pooled from semesters I–II and senior values from semesters V–VII; semester-level values for dose, time and hypotension were not reported, so semesters III–IV are not represented in 
this table. Holm p: Holm–Bonferroni adjustment across the four prespecified secondary outcomes (dose, time to loss of consciousness, BIS <40, hypotension). 

 
Figure 6. Standardized junior-minus-senior differences in induction outcomes. Diamonds are Hedges g for continuous outcomes and circles Cohen h for 
proportions, with 95% CIs; group values are given under each label. Grey lines mark conventional small (0.2), medium (0.5) and large (0.8) effects. 

3.6. Shape of the T2 trajectory 

In post hoc analyses of curvature, BIS at T2 rose by 2.47 
units per semester across semesters I–V (95% CI 1.00–
3.94; p=0.001) and did not change significantly across se-
mesters V–VII (−1.85 units per semester, 95% CI −4.65 to 

0.95; p=0.190); the quadratic contrast over all seven se-
mesters pointed to a concave trajectory (p=0.095). Omit-
ting any single semester left a positive linear trend (1.21–
2.03 units per semester; all p≤0.027). Mean ± 2 SD of BIS at 
T2 lay between 21.5 and 64.7 in every semester, within the 
bounds of the scale, consistent with approximately normal 



Journal of Anesthesiology and Clinical Research Vol. 6 · No. 2 · 2025 · pp. 201–217 

 

Suhadayanti et al. 210  

within-semester distributions. In every senior semester 
the interval extended below 40, in keeping with the five 
senior-led inductions that reached BIS <40. 

3.7. Sensitivity to clustering of patients within res-
idents 

Results of the design-effect analysis are presented in Table 
6 and Figure 7. The difference in propofol dose remained 
significant at every ICC examined, including 0.50 

(p<0.001). The junior–senior difference in BIS <40 lost sig-
nificance only at an ICC of 0.53, the junior–senior difference 
in mean T2 BIS at 0.50 and the linear trend across semes-
ters at 0.35; at an ICC of 0.20 the RD for BIS <40 was 35.6 
percentage points with a design-effect-adjusted 95% CI of 
7.9 to 60.1. Two results depended on the reference distri-
bution: the seven-group ANOVA for T2 (p=0.062) and the 
difference in time to loss of consciousness (p=0.052) were 
not significant when referred to resident-level degrees of 
freedom even at an ICC of 0. The difference in hypotension 
was not significant at any ICC. 

Table 6. Sensitivity of the main comparisons to clustering of patients within residents 

Comparison ICC 0 ICC 0.10 ICC 0.20 ICC 0.30 ICC 0.50 Tipping-point ICC 

Propofol dose, jun-
ior vs senior 

<0.001 <0.001 <0.001 <0.001 <0.001 >1 (significant at 
every ICC) 

BIS <40, junior vs 
senior 

<0.001 0.003 0.010 0.019 0.045 0.53 

T2 BIS, junior vs 
senior 

0.003 0.008 0.016 0.026 0.051 0.50 

T2 BIS, linear 
trend over semes-
ters 

0.005 0.014 0.027 0.042 0.075 0.35 

T2 BIS, seven-
group ANOVA 

0.062 0.151 0.256 0.358 0.530 not significant 
with resident-level 

df 

Time to loss of 
consciousness, 
junior vs senior 

0.052 0.094 0.135 0.173 0.239 not significant 
with resident-level 

df 

Hypotension, jun-
ior vs senior 

0.216 0.295 0.356 0.404 0.475 not significant at 
any ICC 

Notes: ICC, intraclass correlation coefficient of the outcome among patients managed by the same resident. Design effect = 1 + (m − 1) × ICC with m = 5 patients per resident; test 
statistics were divided by √(design effect). t-based tests use resident-level degrees of freedom (13 for junior vs senior; 14 for the seven-semester analyses), which is conservative even at 
ICC 0; z-based tests (binary outcomes) use the normal reference. Tipping-point ICC: value at which the adjusted p reaches 0.05. Binary outcomes are referred to the normal distribution 
because their test statistics are score statistics without a residual-variance estimate; continuous outcomes use t distributions with resident-level degrees of freedom, which makes their 
tipping points conservative. 

 
Figure 7. Sensitivity of the main comparisons to clustering of patients within residents. Curves show the p value after design-effect adjustment for five 
patients per resident as a function of the assumed intraclass correlation (ICC); circles mark the ICC at which p reaches 0.05. The gray band shows the 
provider-level ICC range reported for intraoperative drug use in a large multicenter cohort.26 

3.8. Bounds analysis 

The bounds analysis over all datasets consistent with the 
published margins is summarized in Table 7 and Figure 8. 
Within the junior stratum, 10 admissible 2×2 tables of BIS 
<40 by hypotension gave ORs from 0.027 to 57.0, with sig-
nificant associations in both directions (5 of 10 tables); 

within the senior stratum, 6 tables gave ORs from 0.35 to 
117.9. Across the 60 stratum combinations the Mantel–
Haenszel OR ranged from 0 to infinity, and 21 combina-
tions were significantly positive and 6 significantly negat-
ive. The association between BIS <40 and hypotension is 
therefore not identifiable from these data. In model A, the 
Firth-adjusted OR for BIS <40 in junior-led versus senior-
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led inductions remained at or above 5.99 (p ≤0.006) under 
every admissible allocation of ASA status and sex, with a 
median of 6.35 across sampled datasets and significance in 
all of them; the adjusted ORs for ASA II and male sex were 

themselves not identifiable. In model B, neither the adjus-
ted OR of hypotension for BIS <40 (median 0.99; significant 
in 2.6% of datasets) nor that for junior level (median 1.95; 
significant in 0.8%) was identifiable. 

Table 7. Sensitivity analysis over all datasets consistent with the published margins (bounds analysis) 

Analysis / coefficient Admissible datasets / 
central OR Attainable OR range Datasets with p<0.05 Finding 

Bivariate: BIS <40 → hypotension (exact enumeration) 

Junior stratum (30 patients; 
14 BIS <40; 9 hypotensive) 

10 tables 0.027 to 57.0 5/10 (both directions) Not identifiable 

Senior stratum (45 pa-
tients; 5 BIS <40; 8 hypo-
tensive) 

6 tables 0.35 to 117.9 3/6 (positive only) Not identifiable 

Stratified, Mantel–Haenszel 60 combinations 0 to ∞ 27/60 (21 positive, 6 nega-
tive) 

Not identifiable 

Multivariable Firth logistic regression (4,000 sampled datasets + hill-climbing) 

Model A, BIS <40: junior vs 
senior (adjusted for ASA II, 
male sex) 

median 6.35 (2.5–97.5th 
pct 6.11–7.77) 

5.99 to 222.7 100.0% Robust: least favourable OR 
5.99 (95% CI 1.91–18.77); 
p ≤0.006 in every dataset 

found 

Model A: ASA II median 1.07 (2.5–97.5th 
pct 0.30–3.02) 

→0 to >10⁴ 3.3% Not identifiable 

Model A: male sex median 1.02 (2.5–97.5th 
pct 0.32–3.20) 

→0 to >10⁴ 3.0% Not identifiable 

Model B, hypotension: BIS 
<40 (adjusted for level, ASA 
II, sex) 

median 0.99 (2.5–97.5th 
pct 0.23–3.42) 

→0 to >10⁴ 2.5% Not identifiable 

Model B: junior vs senior median 1.95 (2.5–97.5th 
pct 1.23–3.16) 

→0 to 6728.6 0.8% Not identifiable 

Notes: Patient-level cross-classification of BIS category, hypotension, ASA status and sex was not available. Bivariate bounds enumerate every 2×2 table compatible with the stratum 
margins (cell a = patients with both BIS <40 and hypotension); ORs use the Haldane–Anscombe correction for zero cells and p values are from Fisher's exact test. Multivariable bounds 
permute each variable within its training level (preserving every published margin), fit Firth-penalized logistic regression (Wald p) to 4,000 random admissible datasets, and add 12-
restart hill-climbing toward each coefficient's minimum and maximum. 'Not identifiable' = the attainable range spans OR = 1. 

 
Figure 8. Bounds analysis over all datasets consistent with the published margins. Left panel: odds ratio (95% CI) for hypotension given BIS <40 in each 
admissible 2×2 table within the junior (J) and senior (S) strata; a is the number of patients with both events, and filled markers indicate Fisher p<0.05. 
Right panel: Firth-adjusted odds ratios across admissible allocations of ASA status, sex and hypotension; bars span the 2.5th–97.5th percentiles of 4,000 
sampled datasets, black ticks mark medians, dotted lines the attainable range found by hill-climbing, and labels the percentage of datasets with p<0.05. 

3.9. Precision and sample sizes for future studies 

The 95% CI for BIS <40 among juniors spanned 33.6 per-
centage points, and estimating it to within ±10 percentage 
points would require 96 patients (Table 8). A two-group 
study powered at 80% to confirm the observed difference 

in BIS <40 would need 25 patients per group if patients 
were independent, or 9 residents per group with five pa-
tients each at an ICC of 0.20; detecting the observed differ-
ence in hypotension would need 191 patients per group, or 
69 residents per group at the same ICC (Figure 9). 
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Table 8. Precision of the present estimates and sample sizes for future cluster-aware studies 

Estimate Observed Width of Wilson 95% CI n for ±10 pp n for ±5 pp 

Precision of the present estimates 

BIS <40, junior (14/30) 46.7% 33.6 pp 96 383 

BIS <40, senior (5/45) 11.1% 18.7 pp 38 152 

Hypotension, junior (9/30) 30.0% 31.2 pp 81 323 

Hypotension, senior (8/45) 17.8% 22.0 pp 57 225 

Residents per group for a future two-group study (5 patients each; 80% power; α=0.05) 

Scenario Patients per group (inde-
pendent) 

ICC 0.10 ICC 0.20 ICC 0.30 

BIS <40: 46.7% vs 11.1% 
(observed) 

25 7 9 11 

BIS <40: 30% vs 15% 121 34 44 54 

Hypotension: 30.0% vs 
17.8% (observed) 

191 54 69 84 

Hypotension: 25% vs 15% 250 70 90 110 

Notes: pp, percentage points. Required n for a given half-width uses n = z²p(1 − p)/d². Two-group sample sizes use the normal approximation for two proportions and are inflated by 
the design effect 1 + 4 × ICC, then divided by 5 patients per resident (rounded up). 

 
Figure 9. Residents needed per group in a future two-group study with five patients per resident, 80% power and two-sided α=0.05, as a function of the 
intraclass correlation. Solid lines use the differences observed in this study and dashed lines smaller differences. Dotted horizontal lines mark the num-
bers of junior (6) and senior (9) residents in the present study. 

4. Discussion 

4.1. Principal findings 

In this study at Dr. Saiful Anwar Regional General Hospital, 
residents in their first year induced markedly deeper hyp-
nosis 2 min after intubation than residents in their final 
years, despite a standardized drug sequence, the same 

monitoring and in-room attending supervision. Nearly half 
of junior-led inductions produced BIS <40, compared with 
about one in nine senior-led inductions; mean BIS rose 
steadily from semester I to semester V and not thereafter; 
and juniors gave one-quarter more propofol per kilogram. 
The difference was confined to the deep tail of the distribu-
tion — light hypnosis was equally uncommon at all levels 
— and it was robust to any plausible confounding by ASA 
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status or sex and to within-resident clustering up to an ICC 
of 0.53. By 5 min after incision, depth no longer differed be-
tween semesters. Whether the deeper inductions caused 
more hypotension cannot be determined from the availa-
ble data. 

4.2. How deep is too deep after induction? 

A BIS below 40 two minutes after intubation is a single-
time-point measure and should not be equated with the cu-
mulative exposures studied in outcome trials. The trial that 
found a benefit of lighter anesthesia compared target val-
ues maintained throughout surgery,2 and those that found 
none did so even though EEG guidance halved the duration 
of suppression;3,4 in the BALANCED trial, targeting a BIS of 
50 rather than 35 did not significantly reduce 1-year mor-
tality.5 In a cohort of 5,927 older patients, cumulative time 
at BIS <40 during maintenance was not independently as-
sociated with 1-year mortality.58 Our patients were 18–65 
years old and ASA I–II, a population in which brief early 
suppression is unlikely to have measurable long-term con-
sequences, and depth had converged by T3. The finding is 
therefore best read as an indicator of titration skill rather 
than of patient harm. It nevertheless identifies the phase in 
which inadvertent suppression is generated: the drug-re-
lated EEG suppression associated with delirium in meta-
analyses is produced by the same propofol-dominated 
physiology,8,9,59 and audits show that sustained excess depth 
and inadvertent suppression are common in routine prac-
tice.1,10,11 

4.3. Why novices overshoot 

Several mechanisms, summarized in Figure 10, probably 
combine. The first is dose: after the same fentanyl–midazo-
lam co-induction, juniors gave 2.4 mg/kg and seniors 1.9 
mg/kg, a 26% difference in a drug whose hypnotic effect is 
steeply dose-dependent. The second is speed. Juniors 
reached loss of consciousness sooner despite the larger 
dose, which implies faster injection; in a randomized trial 
in older patients, faster propofol injection increased the in-
duction dose, the incidence of burst suppression and the 
depth of the BIS nadir.13 The third is the endpoint. Loss of 
the eyelash reflex occurs at BIS values of about 61–65,14 and 
because the effect-site concentration continues to rise for 
about 1–2 min after a bolus, an operator who injects until 
the reflex is unequivocally gone, or adds a 'safety' incre-
ment before giving a neuromuscular blocker, will carry the 
patient well below 40 by the time the airway is secured. 
Senior residents may anticipate this lag. Patient age, which 
lowers propofol requirements and raises BIS at equivalent 
exposure,12,60 cannot explain the gradient because patient 
age was identical across semesters, and the arousal pro-
duced by laryngoscopy, which can raise BIS after intuba-
tion,15 would if anything have narrowed the difference at 
T2. 

Behavioral explanations are consistent with these pharma-
cological ones. Novices manage a high intrinsic and extra-
neous cognitive load during induction — drug preparation, 
airway equipment, an unfamiliar team — which leaves lit-
tle capacity for continuous titration against a monitor. In 
simulation, novice anesthesia trainees fall into distinct per-
formance clusters that differ in reported task load,61 and 
virtual-reality versus manikin simulation can alter the 
mental demand that trainees report.62 Under such load, a 
rule-based dose is easier than a titrated one, and fear of 
awareness during neuromuscular blockade biases errors 
toward depth. The asymmetry of our result fits this inter-
pretation: juniors overshot into BIS <40, and there was no 

evidence that they more often left patients light, although 
the CI for the light tail (OR 0.93, 95% CI 0.43–2.03) does 
not exclude such an effect. 

4.4. Post-induction hypotension 

The 30.0% incidence of hypotension after junior-led induc-
tion and 17.8% after senior-led induction lie within the 
range of recent reports, which varies substantially with 
case mix and definition: one prospective cohort reported 
26.95%, whereas other cohorts reported 31.1% or 73–
82%.20–23 Propofol induction was identified as a risk factor 
for post-induction hypotension in an earlier large cohort,16 
propofol produced more hypotension than ciprofol or rem-
imazolam in randomized comparisons,17,18 and age and 
lower baseline pressure are established risk factors.19 A 
dose-dependent increase in hypotension among juniors 
would therefore be expected. Our data are compatible with 
a risk difference anywhere from −7 to +32 percentage 
points, the study could have detected only a difference of 
about 30 percentage points, and the bounds analysis 
showed that the published margins are equally compatible 
with deep inductions having caused all, none or the oppos-
ite of the excess hypotension. The correct conclusion is that 
the question remains open, not that over-deep induction is 
hemodynamically benign. Because post-induction hypo-
tension was not associated with 30-day mortality in a large 
cohort, whereas intraoperative hypotension was associ-
ated with mortality and organ complications,20,21 future 
studies should measure both. 

4.5. The shape of the learning curve 

The gradient across semesters resembles the learning 
curves described for procedural skills, but it differs in kind. 
CUSUM analyses define competence as a sustained success 
rate on a binary task — bronchoscopic intubation after 15 
procedures, hyperangulated videolaryngoscopy after a me-
dian of 12 attempts, caudal block after 9–13, transesopha-
geal echocardiographic views after about 20 — and they 
have limited accuracy when used for certification.33–37 Titra-
tion has no pass–fail endpoint, and the relevant unit is not 
the number of procedures but the accumulation of induc-
tions over months. Mean BIS reached its highest value in 
semester V and did not rise further, and the post hoc slope 
analysis showed a rise of about 2.5 units per semester up 
to semester V and no significant change thereafter, alt-
hough the formal test of curvature was not conclusive 
(p=0.095). This suggests that most of the learning occurs 
during the first two years of training, when structured 
teaching has been shown to shorten procedural learning 
curves in inexperienced trainees.38 

The size of the training-level effect should be judged 
against the variation already documented between quali-
fied clinicians. Provider-level variation explains 13–26% of 
the variance in neuromuscular blocker use,26 44% of the 
variation in nerve block use,27 variation in vasopressor se-
lection and inotrope use,28,29 and reliable differences in hy-
potension exposure between individual anesthesia profes-
sionals.24,25 That the junior–senior differences in BIS <40 
and in mean T2 BIS survived design effects corresponding 
to ICCs of 0.53 and 0.50 — although the linear trend did so 
only up to 0.35 — suggests that the training-level gradient 
is larger than the between-resident variation one would 
expect within a training level. The ICC for post-induction 
BIS itself is unknown, and the benchmark used here comes 
from neuromuscular blocker use. 
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4.6. Supervision and the resident–supervisor dyad 

Every induction in this study was supervised, so the out-
come measured is the performance of the resident–super-
visor dyad. Supervisors were asked to intervene only at 
hemodynamic and oxygenation thresholds, none of which 
concerned BIS. The deep inductions by juniors therefore 
occurred within a system that tolerated BIS values well be-
low 40 as long as hemodynamics remained acceptable. Su-
pervision intensity matters for patient outcomes in general 
— covering more overlapping rooms raises surgical mor-
bidity and mortality40 — and novices value direct attending 
supervision,41 and postoperative care guidelines require 
residents to assess recovery, determine readiness for dis-
charge and transfer care safely under supervision.42 Just-in-
time coaching before a high-stakes procedure improved 
first-attempt success and reduced cognitive load in inexpe-
rienced clinicians.49 The same approach applied to the mi-
nute before and after a propofol bolus — agreeing a target 
BIS, an injection rate and a stopping rule — is a natural ex-
tension that would make supervisors' expectations expli-
cit. Because supervisors were allocated by the on-call 
roster and their identity was not recorded, we cannot ex-
clude that senior residents more often worked with partic-
ular attendings whose own titration style contributed to 
the gradient; recording supervisor identity would allow 
this to be separated from resident learning. 

4.7. Implications for training 

Post-induction BIS is cheap, automatically recorded, avail-
able in routine practice and directly interpretable, which 
makes it attractive as one component of workplace-based 
assessment. Current EPA ratings in anesthesiology are only 
moderately reliable and require many observations,30,31 
milestone trajectories vary across both residents and pro-
grams,32 and EPA-based feedback shifts residents toward 
technical skills that can be observed.39 An objective, per-
case metric such as the proportion of inductions reaching 
BIS <40 or the time spent below 40 in the first 10 min could 
complement these ratings and provide the frequent low-
stakes data that reliable assessment requires. EEG literacy 
can be taught quickly43 and incorporated into residency 
curricula,44 and departmental education increases the use 
of processed EEG.45 Decision support may add what educa-
tion alone cannot: advisory displays reduced BIS <40 and 
severe hypotension,46 Bayesian advisory tools for propofol 
titration have been proposed specifically as teaching aids,47 
BIS-guided closed-loop delivery has been associated with 
lower propofol consumption than manual control,48 and an 
education program without software guidance did not 
change hypotension exposure.50 These observations sug-
gest a package to be tested rather than adopted: an agreed 
target BIS and stopping rule announced before each induc-
tion, injection at a stated rate with a pause to allow for the 
bolus–effect-site lag, a short post-case review of the BIS 
trend with the supervisor, and periodic simulation of the 
lag. Whether such feedback reduces over-deep induction is 
the question for the trial outlined below. 

4.8. Regional context 

These findings are relevant beyond a single teaching hos-
pital. Indonesian specialist training in anesthesiology is or-
ganized in semesters, so a semester-V resident is in the 
third year of training and the junior group comprised resi-
dents in their first year. In much of Southeast Asia and 
other low- and middle-income regions, anesthesiologists 
are scarce,51,52 residents carry a large share of the clinical 
workload, and depth monitoring is far from routine; only 

13.7% of anesthesiologists in a three-country Asian survey 
monitored depth in every patient.53 Where EEG guidance 
has been studied in the region it reduced anesthetic expos-
ure and burst suppression,54 and the BALANCED trial 
showed no significant difference in 1-year mortality be-
tween lighter and deeper BIS-targeted anesthesia.5 Compe-
tence can be assessed more systematically: Indonesian 
studies report improvement in clinical reasoning across 
training levels and better understanding of anesthetic 
pharmacokinetics after simulation, while the international 
ANTS framework supports assessment of nontechnical 
skills55–57 — and BIS-based measurement of induction depth 
fits naturally into this agenda because monitors are already 
available in teaching hospitals. 

4.9. Baseline BIS and the measurement of depth 

Baseline BIS differed between semesters by up to 10.6 
units, and three semester means were below 90 in awake, 
unpremedicated adults. Because the differences had no re-
lation to training level and the pooled baseline means of the 
three levels were identical, they do not explain the T2 gra-
dient, but they deserve comment. Awake BIS values below 
90 can arise from electromyographic interference, sensor 
placement or signal quality, and processed-EEG indices dif-
fer in how they respond to these factors and to age.60,63 Indi-
vidual sensitivity to anesthetics also varies widely,59 which 
is one reason why a fixed BIS threshold is an imperfect 
proxy for pharmacological depth. Future studies should 
record signal-quality and electromyography indices and 
the raw EEG alongside the processed number. They should 
also report the time course of BIS between induction and 
intubation rather than a single post-intubation value. 

4.10. Research agenda 

Three studies follow directly. First, a longitudinal cohort 
should follow the same residents from their first to their 
sixth semester, record every induction with continuous 
BIS, dose, injection rate, MAP and supervisor identity, and 
fit mixed-effects models with resident and supervisor ran-
dom effects; this would replace the cross-sectional infer-
ence used here and estimate the ICC directly. Second, a 
cluster-randomized trial should allocate junior residents to 
BIS-anchored coaching and post-case feedback or to usual 
supervision. With five patients per resident and an ICC of 
0.20, 9 residents per arm would detect a reduction in BIS 
<40 of the size observed here, 44 per arm a reduction from 
30% to 15%, and 69 per arm the observed difference in hy-
potension (Table 8 and Figure 9) — numbers that require 
a multicenter design in Indonesia. Third, the outcome set 
should include the time spent below BIS 40 and in burst 
suppression during the first 10 min, post-induction and in-
traoperative hypotension defined by both relative and ab-
solute thresholds, and patient-centered outcomes in older 
patients, in whom the consequences of excess depth are 
greatest. 

4.11. Strengths and limitations 

The study used a fully standardized drug sequence, pro-
spective recording by an independent assessor, equal num-
bers of residents from every semester and the same mon-
itor for every patient. The reports effect sizes with CIs for 
every comparison, uses exact tests where counts are small, 
quantifies the influence of clustering instead of ignoring it, 
and replaces untestable joint claims with a bounds analysis 
that distinguishes conclusions holding for every dataset 
compatible with the observations from those the data can-
not support. 
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The limitations are substantial. Linked patient-level data 
were not available for this analysis, so associations be-
tween dose, depth and hypotension within patients could 
not be estimated and were bounded instead; MAP and 
heart rate at T1–T3 could not be reported; and the inter-
mediate group's count of BIS <40 is known only to within 
one patient. The design is cross-sectional across training 
levels, so differences between semesters reflect both learn-
ing and differences between the particular residents en-
rolled; with three residents per semester, semester and 
resident identity are confounded. Patients were nested 
within residents, and the design-effect analysis is an ap-
proximation that assumes equal cluster sizes and a com-
mon ICC across outcomes. Supervision was not standard-
ized beyond the safety thresholds, supervisor identity was 
not recorded, and the result therefore describes resident–
supervisor dyads. The types of surgery were not available 
for analysis. Patients were young and ASA I–II, so the clini-
cal consequences of brief deep hypnosis in this population 
are likely to be small and cannot be extrapolated to older 
or sicker patients. Finally, the study was not powered for 
hypotension, and it was conducted at a single Indonesian 
teaching hospital whose curriculum and supervision cul-
ture may differ from those elsewhere. Secondary outcomes 
compared only the junior and senior extremes, which in-
flates standardized effects. The bounds search was not ex-
haustive, and the clustering benchmark derives from a dif-
ferent outcome. Several secondary comparisons were 
made; the main conclusions survive Holm adjustment, but 
the analyses of curvature were post hoc and should be re-
garded as exploratory. 

5. Conclusion 

At an Indonesian teaching hospital, junior anesthesiology 
residents induced deeper hypnosis than senior residents 
under the same protocol and the same in-room supervi-
sion. BIS <40 two minutes after intubation followed 46.7% 
of junior-led and 11.1% of senior-led inductions (risk dif-
ference 35.6 percentage points, 95% CI 15.0–53.9), juniors 
gave 0.50 mg/kg more propofol, and mean BIS rose by 
about 2.5 units per semester up to the fifth semester and 
not thereafter. The difference in BIS <40 is robust to plaus-
ible clustering of patients within residents and to any con-
founding by ASA status or sex compatible with the data, 
whereas the link between deep induction and post-induc-
tion hypotension cannot be determined from the available 
data. Because the patients were young and ASA I–II and 
depth converged within minutes, the finding indexes titra-
tion skill rather than patient harm. Post-induction BIS is a 
candidate objective metric for formative assessment dur-
ing the first two years of training. The next step is a multi-
center, cluster-randomized trial of BIS-anchored coaching 
— an agreed target and stopping rule, a stated injection 
rate and a post-case review — with resident and supervi-
sor identifiers, continuous BIS and patient-level hemody-
namic outcomes. 
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