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Purpose: To quantitatively analyze and compare the novice vitreoretinal surgeons’ per-
formance after various types of external exposures.

Methods: This prospective, self-controlled, cross-sectional study included 15 vitreoretinal
fellows with less than 2 years of experience. Surgical performance was assessed using the
Eyesi simulator after each exposure: Day 1, placebo, 2.5, and 5 mg/kg caffeine; Day 2, placebo,
0.2, and 0.6 mg/kg propranolol; Day 3, baseline simulation, breathalyzer reading of 0.06% to
0.10% and 0.11% to 0.15% blood alcohol concentration; Day 4, baseline simulation, push-up
sets with 50% and 85% repetition maximum; Day 5, 3-hour sleep deprivation. Eyesi-generated
total scores were the main outcome measured (0–700, worst to best).

Results: Performances worsened after increasing alcohol exposure based on the total score
(x2 = 7; degrees of freedom = 2; P = 0.03). Blood alcohol concentration 0.06% to 0.10% and
0.11% to 0.15% was associated with diminished performance compared with improvements
after propranolol 0.6 and 0.2 mg/kg, respectively (Δ1 = 222 vs. Δ2 = +13; P = 0.02; Δ1 = 243
vs. Δ2 = +23; P = 0.01). Propranolol 0.6 mg/kg was positively associated with the total score,
compared with deterioration after 2.5 mg/kg caffeine (Δ1 = +7 vs. Δ2 = 213; P = 0.03).

Conclusion: Surgical performance diminished dose dependently after alcohol. Caffeine
2.5 mg/kg was negatively associated with dexterity, and performance improved after 0.2
mg/kg propranolol. No changes occurred after short-term exercise or acute 3-hour sleep
deprivation.
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Transformational advances in vitrectomy tools and
microsurgical systems have expanded the indica-

tions for vitrectomy, enhanced surgeon capabilities, and

improved patient outcomes. Despite these advances,
vitrectomy and the microsurgical maneuvers enabled
by vitrectomy remain among the most challenging to
master, and notably, the surgical performance of inex-
perienced surgeons may vary, affecting their early sur-
gical outcomes. The steep learning curve associated
with vitrectomy results from many factors, including
those that are modifiable and those considered essen-
tially unmodifiable. Low-hand tremor and high dexterity
are examples of advantageous traits that are modifiable
only minimally through surgical teaching and are con-
sidered to some extent limited by innate physiologic
capabilities.1,2 The end result of optimizing each factor
is presumed to be net enhancement of microsurgical
effectiveness and performance.
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The current study examined five common external
factors that may be associated with the microsurgeon’s
performance, including caffeine, b-blockers, sleep dep-
rivation, physical exercise, and alcohol.3–5 Avoiding
alcohol and caffeine intake, sleep deprivation, and phys-
ical exercise in the hours before performing a procedure
may facilitate better surgical performance. However,
b-blockade reduces the effects of endogenous catechol-
amines, minimizing stress and anxiety, and it may be
beneficial.6 Virtual reality platforms,7 wet and dry labo-
ratory models,7 and the Ophthalmology Surgical Com-
petency Assessment Rubric for Vitrectomy created by
the International Council of Ophthalmology8 are some
of the available tools to assess surgical vitreoretinal
skills. Our group previously validated the method of
quantitatively evaluating surgical performance using
the Eyesi virtual reality surgical simulator parameters
(VRmagic, Mannheim, Germany) for propranolol and
caffeine.5 The methods were sufficiently sensitive to
detect significant dose-dependent differences in sur-
geon’s performance.5 The current study applies these
methods to multiple surgeon variables that were previ-
ously unstudied, potentially significant, and modifiable.

Materials and Methods

Study Population

The Ethics Committee in Research of the Federal
University of São Paulo, Brazil, approved this prospec-
tive, self-controlled, cross-sectional study, which
adhered to the tenets of the Helsinki Declaration. All
subjects were recruited and informed about the research
protocol, and each volunteer provided prospective writ-
ten informed consent. Fifteen vitreoretinal fellows with
less than 2 years of surgical experience were selected
from the Retina Division of the Federal University of
São Paulo from September 2018 to March 2020. The
exclusion criteria were usual daily caffeine consump-
tion of more than two 8-ounce cups; daily alcohol
intake greater than three standard drinks9; less than 2
hours of previous surgical experience with the Eyesi
simulator; or any medical history that required long-
term medication use that would interact with the test
agents, such as bronchial asthma, nervous or cardiac
conditions, or mental illnesses. Before entry into the
research protocol, each subject underwent an electrocar-
diogram and ingested an oral dose of 0.6 mg/kg pro-
pranolol to test for adverse reaction.

Study Protocol

The posterior-segment module of the Eyesi virtual
reality simulator software, Version 3.4.2, was used to

analyze surgical performance. We set a fixed sequence
of seven simulator tasks to be repeated throughout the
study with a maximal potential score of 700 (Figure 1).
The main outcomes evaluated were the Eyesi gener-
ated total score (0–700, worst to best), total time to
task completion (minutes), surgical tool-tip intraocular
pathway (millimeters), and tremor-specific task score
(0–100, worst to best). Figure 2 summarizes the study
flowchart for the 5 days of analysis. Before and after
each external exposure, the systemic blood pressure
and heart rate were measured, followed by recorded
and scored simulated surgical performance analysis.
To ensure a single-blinded study for placebo, pro-

pranolol, and caffeine intake, we used visually iden-
tical pills containing one of the three substances, such
that they were indistinguishable by the participating
surgeon. Each pill contained low unit doses of caffeine
or propranolol, allowing weight-adjusted dosing. For
alcohol, we used a calibrated Food and Drug
Administration–approved AT6000 Professional
Breathalyzer (Greenwon Technology Co, Ltd, Taiwan)
to estimate the blood alcohol concentration (BAC),
assuming a blood:breath ratio of 2,300:1.10

Sleep-deprived nights were analyzed using Somno-
logica polysomonography software, Version 3.2 (Em-
bla Co, Broomfield, CO). A 3-hour period was
prospectively determined to be the time in bed of sleep
deprivation during the previous 24-hour period.11 The
entire night was recorded polysomnographically, and
the surgical simulations were performed the next morn-
ing at 7 AM and then were compared with the average
baseline simulation, which was calculated as the mean
baseline performance for Days 1 to 4.
It is noteworthy that alcohol intake was guided

prospectively by applications of the Widmark model12

to calculate the BAC and that a safe place in the labo-
ratory was provided for the participants to rest after this
protocol day; the participants were permitted to leave
only after regaining sobriety. Finally, to avoid bias, the
number of push-up repetitions to be performed by each
individual was not fixed in the exercise protocol but
tailored to each participant using a single sequence of
push-ups that counted the repetition maximum (RM)13

number that each participant was able to perform. The
individual RM was established previously in a super-
vised session that occurred more than 1 week before the
exercise protocol. Participants performed a baseline sur-
gical simulation followed by four push-up sets at 2-
minute intervals with a load of 50 or 85% of the RM.

Statistical Analysis

The sample size calculation was prospectively
performed using PASS 14 (NCSS Statistical Software,

2164 RETINA, THE JOURNAL OF RETINAL AND VITREOUS DISEASES � 2021 � VOLUME 41 � NUMBER 10

Copyright © by Ophthalmic Communications Society, Inc. Unauthorized reproduction of this article is prohibited.



Kaysville, UT), and the data were analyzed by
repeated-measures analysis of variance with the
Geisser-Greenhouse–corrected F test. A sample size
of 15 participants provided 85% statistical power to
detect the following differences in the Eyesi-generated
total score compared with the baseline surgical simu-
lation performance: 25 points for caffeine, 20 points
for propranolol, 40 points for upper limb exercise, 40
points for alcohol, and 10 points for sleep deprivation.
Further statistical analyses were conducted using STA-
TA Version 12.0 (Stata Corporation, TX) and SPSS
version 20.0 (SPSS Inc, Chicago, IL). The demo-
graphic data were expressed as the mean ± SD and
performance values as the median (interquartile range:
25th and 75th percentiles).
Nonparametric procedures were used to analyze

the performance data: the Wilcoxon test for paired
comparisons and the Friedman test with the Dunn–
Bonferroni post hoc test for multiple comparisons.
Because a paired analysis was conducted, the
median delta was calculated as the median of the
performance data after each external exposure minus
the baseline performance (median [exposure2base-
line]) and not as the difference between the medians
(median [exposure]2median [baseline]). On Day 1
and Day 2 of the study, the baseline surgical per-
formance was established as the simulation after the
ingestion of single-blinded placebo pills. The tests
were 2 sided, and P values of ,0.05 were consid-
ered significant.

Results

Fifteen right-handed vitreoretinal surgeons (60%
men; mean age, 29.6 ± 1.4 years; mean body mass
index, 23.15 ± 2.9 kg/m2) with fewer than 2 years of
experience were recruited. Among the 15 participants,
four subjects did not undergo the sleep study protocol
as they moved during the study period and one subject
did not perform the exercise protocol because of the
inability to perform push-ups. The systemic blood
pressure and heart rate values were always equal to
or above 120/80 mmHg and 60 beats/minute, respec-
tively, and no adverse side effects were observed by
the test subjects after exposure to the physiologic or
pharmacologic agents.
Alcohol intake was the only factor found to be

independently associated with a change in the surgical
simulated performance, such that deteriorated hand
dexterity was observed in a progressive dose-
dependent manner as measured by the total Eyesi-
generated score (x2 = 7, degrees of freedom [df] = 2; P
= 0.03) and intraocular trajectory (x2 = 6.86; df = 2; P
= 0.03). Tremors increased with BAC of 0.06% to
0.10% and additional alcohol intake, resulting in
BAC of 0.11% to 0.15% that was negatively associ-
ated with the total simulated score, compared with
baseline. Regarding propranolol, the intraocular trajec-
tory was shorter after a 0.2 mg/kg dose, and the total
time to task completion was shorter after a 0.6 mg/kg
dose. Although 2.5 mg/kg caffeine was associated

Fig. 1. Illustration of modules. The surgical simulation sequence consists of four basic modules (upper row, navigation exercise, antitremor maneuver,
bimanual dumbbell touching, and bimanual cutting task, respectively) and three reality-based modules (lower row, posterior hyoid detachment, epi-
retinal membrane peeling, and inner limiting membrane peeling, respectively). Dr. Roizenblatt generated this figure using the Eyesi platform.
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with decreased intraocular trajectory, this exposure did
not significantly affect the total surgical score, and
there was no improvement in trajectory after intake
of 5.0 mg/kg of caffeine (Table 1).
When the effects of alcohol and propranolol were

compared, both BAC of 0.06% to 0.10% and 0.11%
to 0.15% were associated with worst performance.
This was compared with the improved performance
after the 0.6 and 0.2 mg/kg doses of propranolol
regarding the total score, antitremor task score, and
task completion time. Moreover, the intraocular
trajectory was longer after the BAC of 0.11% to
0.15% compared with the 0.2 mg/kg propranolol.
Although 2.5 mg/kg of caffeine was associated with
reductions in the task completion time and the
intraocular trajectory compared with the BAC of
0.11% to 0.15%, the total score after caffeine
ingestion was decreased compared with baseline.
The 2.5-mg/kg caffeine dose was associated with a
worse total score compared with the improvement
after the 0.6-mg/kg dose of propranolol (Table 2).
The exercise and sleep regimens did not produce any

significant changes in the quantifiable surgical per-
formance parameters studied. The median delta val-
ues of performance after each external exposure for
the total surgical score, tremor-specific task score,
intraocular trajectory, and total time to task comple-
tion are presented in Figure 3.

Discussion

To put the doses used in this study into perspective,
the 2.5-mg/kg caffeine dose corresponds to about one
25-mL cup of espresso14 or one 8-ounce cup of drip or
percolated coffee15,16 for a person weighing 70 kg and
represents the regular coffee intake among caffeine
consumers in the United States. The 5.0-mg/kg caf-
feine dose represents the 90th percentile intake for
all caffeinated beverages for all ages in the United
States.17 Regarding propranolol, the doses recommen-
ded to treat benign tremors range from 1.7 to 3.4 mg/
kg18 and for systemic hypertension, it ranges from 0.8
to 9.1 mg/kg19 for a person weighing 70 kg. The most
frequently assessed and published b-blocker on

Fig. 2. Study flowchart of
external interventions. A. Day 1,
caffeine exposure; (B) Day 2,
propranolol exposure; (C) Day
3, alcohol intake; (D) Day 4,
short-term upper limb exercise,
push-ups; and (E) Day 5, sleep
deprivation with a total sleep
time of 3 hours.
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manual dexterity is propranolol at fixed doses of 10
mg6,20 and 40 mg.21 Regarding an average male adult
weighing 70 kg, we established the approximate doses
of 0.2 mg/kg and 0.6 mg/kg of propranolol as the
weight-adjusted propranolol doses used in the current
study. Finally, BAC of 0.06% to 0.10% BAC were
achieved after intake of two large glasses of wine
(250 mL/glass) by a 1.8-m, 70-kg, 30-year-old man,
independent of the subject’s alcohol history because
the Widmark equation also can be used for alcoholics
with a low error.12,22

The results of the current study showed that
simulated surgical performance was negatively
associated with alcohol intake in a dose-dependent
way. In comparison, performance impairment after
two large glasses of wine was greater than after
ingestion of two 25-mL cups of espresso, the pre-
vious night’s 3-hour sleep restriction, or four push-
up sets with 85% RM for a 70-kg vitreoretinal sur-
geon with less than 2 years of surgical experience.
Furthermore, although propranolol was associated
with a faster procedure and shorter intraocular path-
way, a significant change in overall simulated per-
formance with propranolol intake was detected only
compared with alcohol use (greater difference) or
caffeine use (lower difference) with this number of
study participants.
The relative risk of a vehicle collision attributed to a

nondrinker increases dramatically starting at a BAC of
0.10%.23 Based on these data, beginning in 2002, all
US states reduced the legal BAC limit to operate a
vehicle from 0.10% to 0.08%.23 When analyzing the
relationship between BAC and reported physiologic
and behavioral effects, the impact of BAC ranging

from 0.01% to 0.05% might not be obvious by casual
observation. However, BAC of 0.06% to 0.10% is
often correlated with impaired coordination, decreased
attention/alertness, and reduced ability to make ratio-
nal decisions. Also, BAC of 0.11% to 0.15% may be
associated with judgment loss, slowed reactions, some
visual function impairment, and drowsiness.22 Based
on these values, our surgical simulations were per-
formed with BAC ranging from 0.06% to 0.10% and
0.11% to 0.15%. The Widmark modeling formula12

was applied prospectively to estimate the BAC, with
the constant calculated using the average of the
approaches presented by Forrest24 and Seidl et al.25

A final titration with additional alcohol intake or
increased time before the surgical simulation test was
applied whenever necessary to reach the target BAC
ranges. It is important to emphasize that the effect of
blood alcohol on surgical judgment, critical thinking,
risk-taking behavior, and other potentially affected
cognitive factors was not assessed by the Eyesi surgi-
cal simulator.
Although the negative effects of acute alcohol

intoxication of decreased cognitive function and motor
skills have been well documented, to the best of our
knowledge, no available studies have reported the
impact on vitreoretinal surgical skills. The correlation
between the BAC levels and the numerically quanti-
fied surgical performance presented in the current
article is innovative and has not been reported pre-
viously. The correlation between the BAC levels and
the time since the first drink can be calculated using
the Widmark formula. Using that formula, the time for
reaching 0.06% to 0.10% BAC in the elimination
periods of alcohol metabolism also represents the

Table 1. Median Comparison of Performance Data Between Different Levels of the Same Exposure With Corresponding P
Values

Baseline After Exposure P*

Alcohol
Score
Baseline versus 0.11%–0.15% BAC 596.5 (562.0–617.2) 537.5 (459.5–585.7) 0.02

Tremor-specific score
Baseline versus 0.06%–0.10% BAC 68.5 (46.0–80.7) 54.0 (42.00–63.2) 0.04
Baseline versus 0.11%–0.15% BAC 68.5 (46.0–80.7) 52.5 (36.50–63.2) 0.03

Propranolol
Time (min)
Baseline versus 0.6 mg/kg propranolol 13.53 (12.23–15.02) 12.29 (10.62–13.10) 0.006

Intraocular trajectory (mm)
Baseline versus 0.2 mg/kg propranolol 2,224.0 (2,033.2–2,570.1) 2,080.7 (1,895.7–2,360.8) 0.03

Caffeine
Intraocular trajectory (mm)
Baseline versus 2.5 mg/kg caffeine 2,390.7 (2,069.6–2,842.6) 2,298.6 (2,033.5–2,552.6) 0.02

The data are expressed as the median (interquartile range).
*Wilcoxon signed-ranks test.
Min, minutes; mm, millimeters.
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minimal time for the alcohol effect to be cleared
systemically and not affect the surgical dexterity.
When determining surgical dexterity after alcohol

intake compared with sleep deprivation, the literature
shows poorer performance on a laparoscopic surgical
simulator with alcohol,26 which agreed with our find-
ings for vitreoretinal microsurgery. These results sup-
port the necessity to define professional regulations
regarding alcohol consumption and surgical responsi-
bilities. There are currently no defined criteria for
acceptable intraoperative blood alcohol levels, short
of no observable evidence of intoxication.
The present findings indicated that a 2.5-mg/kg

caffeine dose was associated with a shorter intraocular
tool travel path and tended to reduce the task
completion time, but this caffeine-induced increase
in motor speed was commensurately associated with a

worst performance score. The faster physical perfor-
mance and shorter reaction times after caffeine
consumption are potentially offset by anxiety, tremor,
and others. All of the cognitive and motor effects of
caffeine remain to be defined during microsurgery. Of
note, the caffeine effects are partially attenuated by
tolerance.27 To obtain a homogenous study population
and avoid bias as a result of personal caffeine tolerance
or withdrawal, we excluded individuals with a daily
caffeine consumption of more than two 8-ounce cups
or alcohol intake greater than three standard drinks.
The detrimental effect of a 2.5-mg/kg caffeine on fine
dexterity compared with a 0.6-mg/kg propranolol
agrees with our previous study that showed that caf-
feine is negatively associated with surgical perfor-
mance in novice vitreoretinal surgeons and that the
outcome is partially neutralized by propranolol.5

Table 2. Comparison of the Median Delta of Performance Data Between Different Exposures, With Corresponding P
Values

Exposure 1 Exposure 2 P*

Alcohol versus propranolol
Score
0.11%–0.15% BAC versus 0.2 mg/kg propranolol 243.0

(2120.5 to 25.7)
+23.0

(229.0 to +54.0)
0.01

0.06%–0.10% BAC versus 0.6 mg/kg propranolol 222.0
(262.0 to +16.5)

+13.0
(212.0 to +49.0)

0.02

0.11%–0.15% BAC versus 0.6 mg/kg propranolol 243.0
(2120.5 to 25.7)

+13.0
(212.0 to +49.0)

0.007

Time (min)
0.11%–0.15% BAC versus 0.2 mg/kg propranolol +0.46

(20.52 to +2.91)
20.83

(22.76 to +0.94)
0.009

0.06%–0.10% BAC versus 0.6 mg/kg propranolol 20.05
(20.78 to +0.84)

21.35
(22.94 to 20.51)

0.005

0.11%–0.15% BAC versus 0.6 mg/kg propranolol +0.46
(20.52 to 2.91)

21.35
(22.94 to 20.51)

0.01

Intraocular trajectory (mm)
0.11%–0.15% BAC versus 0.2 mg/kg propranolol +204.8

(225.5 to +338.8)
2221.7

(2374.9 to +93.1)
0.006

Tremor-specific score
0.11%–0.15% BAC versus 0.2 mg/kg propranolol 215.0

(226.2 to +1.25)
+8.0

(211.0 to +25.0)
0.009

0.06%–0.10% BAC versus 0.6 mg/kg propranolol 27.5
(219.0 to +2.7)

+5.0
(214.0 to +20.0)

0.008

Alcohol versus caffeine
Time (min)
0.11%–0.15% BAC versus 2.5 mg/kg caffeine +0.46

(20.52 to +2.91)
20.71

(21.82 to +0.77)
0.009

Intraocular trajectory (mm)
0.11%–0.15% BAC versus 2.5 mg/kg caffeine +204.8

(225.5 to +338.8)
278.7

(2185.1 to +33.23)
0.008

Caffeine versus propranolol
Score
2.5 mg/kg caffeine versus 0.6 mg/kg propranolol 213.0

(49.0 to +12.0)
+7.0

(217.0 to +64.0)
0.03

The data are expressed as the median delta (interquartile range).
*Wilcoxon signed-ranks test.
Min, minutes (min); mm, millimeters.
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Propranolol has been used clinically to reduce
anxiety-related and tremor-related disorders.18 Intrao-
peratively, these sympathetic responses may jeopar-
dize a surgeon’s performance when a complex task
is underway. Among the most frequent adverse effects
associated with propranolol are hypotension, bradycar-
dia, bronchospasm, fatigue, nausea, and sexual dys-
function.28 Contraindications include asthma, chronic
obstructive pulmonary disease, and atrioventricular
block. Adverse effects related to propranolol are dose
dependent, and low-dose therapy is rarely associated
with severe adverse reactions.29 No side effects related
to low-dose propranolol were reported in this study.
Our results showed that propranolol was positively

associated with hand dexterity and with decreased
intraocular trajectory and surgical simulation comple-
tion time. This improvement was even more evident
when propranolol was compared with caffeine or
alcohol use. In the last comparison, even a 0.2-mg/
kg dose of propranolol was positively associated with
performance. b-Blockers are associated with a longer
reaction time; however, the total time to finish the
course was shorter compared with the participant’s
baseline surgical simulation. The present findings sug-
gested that the improved surgical performance follow-
ing propranolol agreed with previous reports.6,20,21

However, the weight-adjusted and quantitative com-

parison of propranolol versus alcohol, caffeine, exer-
cise, and sleep deprivation is innovative in the
vitreoretinal literature and potentially relevant to sur-
geon performance.
Intense exercise in the form of push-ups with a

loading dose of 85% RM and sleep deprivation in the
form of acute sleep interruption did not significantly
modify the simulated surgical performance. Push-ups
were chosen as a suitable exercise modality for this
protocol because the exercise allowed a weight
adjustment (“dosing”) similar to that for caffeine, pro-
pranolol, and alcohol exposures. The current exercise
protocol was adapted from the methodology of Gajew-
ski,13 who reported increased tremor amplitude after
four sets of bilateral elbow flexion/extension with a
barbell with a training load of 85% RM. Tremor was
not distributed equally along the frequency domain,
such that the greatest increases were found for rather
low frequencies (from 2 to 4 Hz) and high frequencies
(from 10 to 20 Hz). Interestingly, surgeon physiologic
hand tremor has approximately rhythmic and sinusoi-
dal frequencies predominantly in the six- to 12-Hz
range.30 Therefore, the difference in frequencies ana-
lyzed was consistent with the divergent results ob-
tained here.
Regarding sleep deprivation, our finding agreed

with those of Erie et al,31 who concluded that acute

Fig. 3. The boxplots show the median delta of performance after each external exposure for the total surgical score, tremor-specific task score,
intraocular trajectory, and total time to task completion. The length and position of each box represent the interquartile range of the data and the
horizontal line across indicates the median delta.
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sleep deprivation in nine post-call and sleep-deprived
(,3 hours sleep in previous 24 hours) ophthalmology
residents had no detectable effect on the simulated
surgical performance measured using the Eyesi surgi-
cal simulator. Likewise, Govindarajan et al32 con-
ducted a population-based study that analyzed the
surgical outcomes of 1,448 physicians during a day-
time procedure after treating patients from midnight to
7 AM or by the same doctors when stopping patient
care at midnight. They found no differences in deaths,
readmissions, or complications. Therefore, although it
is intuitive that acute sleep deprivation impairs vigi-
lance, alertness, and neurocognitive processes, the cur-
rent evidence does not yet provide compelling grounds
for drawing consistent conclusions about a quantifi-
able impact on surgical outcomes.
A strength of the current study is that it was a

prospective, self-controlled analysis that quantita-
tively compared the association of caffeine, pro-
pranolol, alcohol, physical exercise, and sleep
deprivation with simulated surgical performance in
a homogeneous sample of novice vitreoretinal
surgeons. In addition, all tested factors were based
on a weight-adjusted protocol, and caffeine and
propranolol administration was single blinded.
Finally, sleep deprivation in this protocol was
recorded objectively by polysomnography.
The study limitations were that some isolated

exposures trended toward progressive impairment in
the overall simulated score in a dose-dependent
manner, which did not reach significance in this
sample, even though our study was theoretically
powered to detect changes in the surgical simulated
performance. Second, the current findings were
restricted to a novice vitreoretinal surgeon popula-
tion, and further studies should be conducted to
determine their applicability to experienced sur-
geons. Third, no published evidence supports trans-
fer of the Eyesi-generated scores to the operating
room with consequent direct changes in patient
anatomic and functional outcomes. Therefore, our
findings are not considered recommendations for
novice surgeons to incorporate into their clinical
routines but rather emerging information on poten-
tial factors that may allow surgeons to favorably
modify performance factors during microsurgery. It
is worth mentioning that it is challenging to evaluate
the novice surgeon’s anxiety level as a variable.
Differences between simulator testing and actual
surgery, as well as differences in the effect of vari-
ous supervising faculty on an individual trainee, are
highly variable. No simultaneous or immediately
sequential exposure to multiple investigational fac-
tors was conducted in this study.

In conclusion, alcohol consumption in the hours
before a surgical procedure was the only external
exposure analyzed that was associated directly with
compromised performance in a dose-dependent man-
ner among novice vitreoretinal surgeons. The poten-
tially beneficial propranolol association with surgical
fine dexterity was evident when compared with
impairment after caffeine/alcohol consumption. There
was also no change in the simulated surgical perfor-
mance after 1 night of 3-hour sleep or after a short
session of upper limb physical exercise. The current
data should be considered when making recommen-
dations that guide novice vitreoretinal surgeons in
optimizing microsurgical performance.

Key words: alcohol, caffeine, novice surgeon, pars
plana vitrectomy, physical exercise, propranolol, sleep
deprivation, surgical performance.

Acknowledgments

Dr. Roizenblatt reports receiving research funding
from the Lemann Foundation, Vision Institute, Latin-
ofarma, and Coordination for the Improvement of
Higher Education Personnel. Dr. Gehlbach reports
receiving research funding from Research to Prevent
Blindness, New York, NY, and gifts by the J. Willard
and Alice S. Marriott Foundation, the Gale Trust, Mr.
Herb Ehlers, Mr. Bill Wilbur, Mr. and Mrs. Rajandre
Shaw, Ms. Helen Nassif, Ms. Mary Ellen Keck, Don
and Maggie Feiner, and Mr. Ronald Stiff. Drs. Maia
and Belfort Jr. report receiving research funding from
the National Council for Scientific and Technological
Development. The abovementioned institutions had no
role in the data collection or study preparation. Finally,
the authors thank all the research participants who
voluntarily agreed to participate in this study without
compensation or incentives.

References

1. Ebrahimi A, He C, Roizenblatt M, et al. Real-time sclera force
feedback for enabling safe robot-assisted vitreoretinal surgery.
Eng Med Biol Soc 2018;2018:3650–3655.

2. Roizenblatt M, Edwards TL, Gehlbach PL. Robot-assisted vit-
reoretinal surgery: current perspectives. Robot Surg 2018;5:1–
11.

3. Belykh E, Onaka NR, Abramov IT, et al. Systematic review of
factors influencing surgical performance: practical recommen-
dations for microsurgical procedures in neurosurgery. World
Neurosurg 2018;112:e182–e207.

4. Fargen KM, Turner RD, Spiotta AM. Factors that affect phys-
iologic tremor and dexterity during surgery: a primer for neu-
rosurgeons. World Neurosurg 2016;86:384–389.

5. Roizenblatt M, Dias Gomes Barrios Marin V, Grupenmacher
AT, et al. Association of weight-adjusted caffeine and
b-blocker use with ophthalmology fellow performance during

2170 RETINA, THE JOURNAL OF RETINAL AND VITREOUS DISEASES � 2021 � VOLUME 41 � NUMBER 10

Copyright © by Ophthalmic Communications Society, Inc. Unauthorized reproduction of this article is prohibited.



simulated vitreoretinal microsurgery. JAMA Ophthalmol 2020;
138:819–825.

6. Pointdujour R, Ahmad H, Liu M, et al. Β-blockade affects
simulator scores. Ophthalmology 2011;118:1893–1893.
e1893.

7. Lee R, Raison N, Lau WY, et al. A systematic review of
simulation-based training tools for technical and non-
technical skills in ophthalmology. Eye 2020;34:1737–1759.

8. Golnik KC, Law JC, Ramasamy K, et al. The ophthalmology
surgical competency assessment rubric for vitrectomy. Retina
2017;37:1797–1804.

9. Schuckit MA. Alcohol-use disorders. Lancet 2009;373:492–
501.

10. Jones AW, Jonsson K. Determination of ethanol in breath and
estimation of blood alcohol concentration with alcolmeter—S-
D2. In: Alcohol, Drugs and Traffic Safety. Cologne, Germany:
TuV Rheinland; 1993:423–429.

11. Rupp TL, Wesensten NJ, Bliese PD, Balkin TJ. Banking sleep:
realization of benefits during subsequent sleep restriction and
recovery. Sleep 2009;32:311–231.

12. Widmark EMP. Die theoretischen Grundlagen und die prak-
tische Verwendbarkeit der gerichtlich-medizinischen Alko-
holbestimmung. Baltimore, MD: Urban & Schwarzenberg;
1932.

13. Gajewski J. Fatigue-induced changes in tremor caused by
physical efforts of different volume and intensity. Acta Bioeng
Biomech 2006;8:103.

14. Caprioli G, Cortese M, Maggi F, et al. Quantification of caf-
feine, trigonelline and nicotinic acid in espresso coffee: the
influence of espresso machines and coffee cultivars. Internat
J Food Sci Nutr 2014;65:465–469.

15. Lieberman HR. The effects of ginseng, ephedrine, and caffeine
on cognitive performance, mood and energy. Nutr Rev 2001;
59:91–102.

16. Glicksman JT, Curhan SG, Curhan GC. A prospective study of
caffeine intake and risk of incident tinnitus. Am J Med 2014;
127:739–743.

17. Mitchell DC, Knight CA, Hockenberry J, et al. Beverage caf-
feine intakes in the US. Food Chem Toxicol 2014;63:136–142.

18. Haubenberger D, Hallett M. Essential tremor. N Engl J Med
2018;378:1802–1810.

19. Wong GW, Wright JM. Blood pressure lowering efficacy of
nonselective beta-blockers for primary hypertension. Cochrane
Database Syst Rev 2014:Cd007452. doi: 10.1002/
14651858.CD007452.pub2

20. Humayun MU, Rader RS, Pieramici DJ, et al. Quantitative
measurement of the effects of caffeine and propranolol on
surgeon hand tremor. Arch Ophthalmol 1997;115:371–374.

21. Elman MJ, Sugar J, Fiscella R, et al. The effect of propranolol
versus placebo on resident surgical performance. Trans Am
Ophthalmol Soc 1998;96:283–291. discussion 291-294.

22. Cowan DM, Maskrey JR, Fung ES, et al. Best-practices
approach to determination of blood alcohol concentration
(BAC) at specific time points: combination of ante-mortem
alcohol pharmacokinetic modeling and post-mortem alcohol
generation and transport considerations. Regul Toxicol Phar-
macol 2016;78:24–36.

23. Grant D. A structural analysis of US drunk driving policy. Int
Rev L Econ 2016;45:14–22.

24. Forrest A. The estimation of Widmark’s factor. J Forensic Sci
Soc 1986;26:249–252.

25. Seidl S, Jensen U, Alt A. The calculation of blood ethanol
concentrations in males and females. Int J Leg Med 2000;
114:71–77.

26. Mohtashami F, Thiele A, Karreman E, Thiel J. Comparing
technical dexterity of sleep-deprived versus intoxicated sur-
geons. JSLS 2014;18:e2014.00142.

27. Jacobson BH, Winter-Roberts K, Gemmell HA. Influence of
caffeine on selected manual manipulation skills. Percept Mot
Skills 1991;72:1175–1181.

28. Frishman WH. Beta-adrenergic receptor blockers. Adverse
effects and drug interactions. Hypertension 1988;11:Ii21–29.

29. Schadt CR, Duffis EI, Charles PD. Pharmacological treatment of
disabling tremor. Expert Opin Pharmacother 2005;6:419–428.

30. Roizenblatt M, Grupenmacher AT, Belfort R Jr, et al. Robot-
assisted tremor control for performance enhancement of retinal
microsurgeons. Br J Ophthalmol 2019;103:1195–1212.

31. Erie EA, Mahr MA, Hodge DO, Erie JC. Effect of sleep dep-
rivation on the performance of simulated anterior segment sur-
gical skill. Can J Ophthalmol 2011;46:61–65.

32. Govindarajan A, Urbach DR, Kumar M, et al. Outcomes of
daytime procedures performed by attending surgeons after
night work. N Engl J Med 2015;373:845–853.

IMPROVING PERFORMANCE OF NOVICE SURGEONS � ROIZENBLATT ET AL 2171

Copyright © by Ophthalmic Communications Society, Inc. Unauthorized reproduction of this article is prohibited.


