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Abstract

Objective: To assess the effects of prior caffeine intake on tremor control and internal limiting membrane peeling
proficiency of experienced retinal surgeons using a microsurgical simulator.

Methods: Experienced vitreoretinal surgeons were included. On two separate days, each subject underwent a
test on a level 4 anti-tremor test and internal limiting membrane peeling test on a microsurgical simulator (Eye-Si/
Series 199, VRMagic, Sofware 2.9, Mannheim, Germany) first with no caffeine intake and after 40 minutes of taking
an oral dose of caffeine (200 mg and 400 mg). Each subject underwent blood pressure and heart rate
measurements before and 40 min after caffeine intake. The same technician measured both surgical performances.

Results: Mean age was 46.4 ± 10.1 years. All subjects were male. The mean anti-tremor results were: baseline
scores 61.2 ± 19.15, 200 mg 61.6 ± 12.63 and 400 mg 75.4 ± 15.09. The mean internal limiting membrane peeling
results were: baseline score 55.9 ± 5.46, 200 mg 54.8 ± 10.05 and 400 mg 62.6 ± 9.63. Blood pressure and heart
rate remained stable. After consumption of higher doses of caffeine some adverse effects were reported such as
headache and a transient episode of anxiety.

Conclusion: Caffeine consumption prior to surgery is discouraged by microsurgeons due to potential adverse
effects. Our results showed no significant change on the surgical ability after 200 and 400 mg of oral caffeine. There
was a non-significant improvement on the overall score after 400 mg.
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Background
Caffeine is one of the most widely consumed behaviorally active

substances in the world. It mainly acts upon the central nervous
system, with widely known physiological and psychological effects
(increased alertness, enhanced vigilance, reduced fatigue) [1-6]. All its
effects are through the antagonism of the A1 and A2 subtypes of the
adenosine receptor, potentiating the effects of sympathetic nervous
system stimulation [6].

However, there are negative aspects of caffeine intake: a high dose
can result in a state of excitement and anxiety including adverse
reactions like tachycardia, headache, palpitations, insomnia,
restlessness, nervousness, and tremor. Dose response and tolerance to
regular consumption vary between individuals; so, for some people,
even a single cup may cause sleeplessness with a racing mind, while for
others, drinking ten times this amount can still be pleasant and not
interfere with sleep [6]. Caffeine has a half-life of approximately 4-6 h,
with a plasma peak time concentration following it ingestion between
30-60 minutes (average 40) [7].

Microsurgeons may choose to avoid caffeine to prevent potentially
deleterious caffeine-induced tremor and a possible detrimental effect

on surgical performance, despite the fact that an adverse effect on
surgical skills has never been shown [8].

Simple simulators, or “box trainers” emerged and facilitated the
development of surgical skills, and the surgeons who practiced with
box trainers or simulators arrived to the operating room with greater
skill, with shorter learning curves. In the area of ophthalmology, the
Eye-Si (Eye-Si/Series 199, VRMagic, Software 2.9, Mannheim,
Germany) has been scientifically validated for most ophthalmologic
microsurgical tasks; novices perform worse than experts who already
have the skill that is to be taught on the simulator [9-11]. A direct
correlation has been found between surgical experience and the
performance of the navigation task. Surgical experience was associated
with fewer retinal contacts per average time and shorter membrane
peeling time, indicating that training results in better surgical skills
and that the vitreoretinal surgical simulator has the potential to
evaluate specific surgical skills that are training-related. The Eye-Si
simulator also has the capability of training surgeons in new
techniques and has the potential to model and simulate surgical
scenarios to assist surgeons defining strategies before human
intervention [12].

In this study, we aimed to investigate the association between
caffeine intake and microsurgical performance by having experienced
retinal surgeons perform standardized tasks in a microsurgical
simulator under different doses of caffeine (0 mg, 200 mg and 400 mg).
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Design
Cross sectional and interventional study.

Carried out in Asociación para Evitar la Ceguera en México,
Hospital “Luis Sánchez Bulnes”, University hospital.

Participants or samples
Vitreoretinal surgeons with at least 5 years of experience, female/

male, without previous consumption of any form of caffeine (at least 6
hours) and any associated motor pathology (e.g. Parkinson, Corea,
Arthritis), exercise or prior performance of intraocular surgery.

Methods
The study was conducted on a single center. The study was approved

by the local institutional review board and was conducted according to
the tenets of the declaration of Helsinki and good clinical practice
guidelines. All sensitive data were handling according to the Health
Insurance Portability and Accountability act of 1996 and its Mexican
counterpart: the Federal law for Protection of Personal Data in
Possession of Individuals (NOM-024-SSA3-2010). All participants
signed an informed consent form prior to enrollment. Vitreoretinal
surgeons with at least five years of experience after completion of
fellowship were included in this study. A validated retinal
microsurgical simulator (Eye-Si Series 199, VRMagic, Sofware 2.9,
Mannheim, Germany) was used. The simulator platform provides a
virtual operating microscope, a model eye and handheld probes (cut-
suction probe, light probe, forceps, diamond-dusted scraper) that are
inserted into the model eye. The simulator generates a virtual
stereoscopic image through the oculars, and provides several different
modules with different levels of difficulty (in the vitreosurgical module:
one to four from easiest to most difficult). The simulator calculates a
performance score between 0 and 100 for each interaction and gives
metrics providing feedback on microscope handling, tissue treatment,
target achievement, efficiency and instrument handling. All subjects
underwent a level 1 test-run simulation that was not graded, in order
to become familiarized with the instruments and images provided by
the simulator. The simulations performed by each subject were:

Anti-Tremor Test Level 4: A spiral trajectory is displayed inside the
vitreous. A sphere marks the starting point of the trajectory. The

sphere turns green when the instrument tip is within the sphere. Then
the surgeon guides the sphere along the trajectory to the end point.
The sphere will follow the instrument tip as long as the tip of the
instrument is inside the sphere. The goal is to train manual dexterity,
learn how to perform accurate movements and reduce tremor (Figure
1).

Figure 1: Antitremor test level 4. The Sphere travels through the
spiral only when the tip is touching the center. Once it started
moving, the surgeon must keep the tip on the center at all times
while "pushing" it, following the spiral pathway. If the tip loses the
center, the sphere will change color to red and the sphere will not
move further, until the tip touches the center again. The software
takes away points, if the tip loses the center, if the exercise last too
long and if the instrument is pulled out of the simulated eye.

ILM-Peeling Test Level 4: The internal limiting membrane (ILM)
has to be removed. The ILM shows as a lightly ICG-stained surface
membrane. The goal is to create a flap, with a strong adherent ILM that
fragments easily. ILM should be peeled with end-gripping forceps on a
circular fashion. Training goal is to control the movements of
instruments inside the eye (Figure 2).

Figure 2: Internal limiting membrane-peeling test level 4. Left, creating the flap. Right, peeling the membrane with the forceps. The surgeon
will be qualified according to the amount of ILM left after the exercise, the amount and extension of the retina damage/bleeding and the time
needed for completion of the exercise.

On a random day, having abstained from caffeine for at least 6
hours, all subjects underwent blood pressure and heart rate

measurements and performed both simulations. After finishing the
simulations, surgeons ingested 200 mg of caffeine, and after 40
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minutes, blood pressure and heart rate were measured and both
surgical feats were performed.

Figure 3: Anti-Tremor Test Overall Scores. Discrete improvement on 400 mg caffeine intake.

Figure 4: ILM Peeling Test Overall Scores. Slight improvement of performance on 400 mg caffeine intake.
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On another random day two month later, all measurements and
processes were performed again, but caffeine intake increased to 400
mg. The same technician measured all surgical performances (baseline,
200 mg and 400 mg). The final score was calculated by the simulator’s
software, provided by the manufacturer and according to their
instructions. The score for each test was used for statistical analysis.
Statistical analysis was done using an excel spreadsheet (Excel 2007;
Microsoft Corp., Redmond, WA). Changes in final scores of each test
were assessed using Kruskal-Wallis test with an alpha value of 0.05 or
less for statistical significance.

Main outcome measures
Final Scores of each 4 level test (anti-tremor test and ILM-peeling

test).

Results
Five experienced retinal surgeons, who fulfill the inclusion/

exclusion criteria, were consented and enrolled on the study; all
participant were healthy with no history of previous diseases like high
blood pressure, diabetes mellitus, thyroid diseases or tremor diseases.
The mean age was 46.4 ± 10.1 years, all male subjects. After three
different measurements on each subject, Anti-Tremor results were:
baseline score mean 61.2 ± 19.15, 200 mg group mean 61.6 ± 12.63 and
400 mg group mean 75.4 ± 15.09. ILM-Peeling results were: baseline
scores 55.9 ± 5.46, 200 mg 54.8 ± 10.05 and 400 mg 62.6 ± 9.63.
Systolic blood pressure (SBP) was 116.1 ± 11.59 at baseline, 118.4 ±
4.77 after 200 mg and 117.6 ± 18.33 after 400 mg. There was no
statistically significant difference between groups (Kruskal-Wallis p-
value 0.298 Anti-Tremor Test versus p-value 0.3772 ILM-Peeling Test).
(Figures 3-4) Diastolic blood pressure (DBP) was 74.4 ± 10.97 at
baseline, 69.6 ± 8.26 after 200 mg and 74 ± 8.39 after 400 mg. Heart
rate was 64.1 ± 9 beats per minute (BPM) on baseline, 65.8 ± 8.25 BPM
after 200 mg and 63.6 ± 6.42 BPM after 400 mg. Blood pressure
remained stable, maintained in ranges between 90/60 and 140/90
mmHg and heart rate between 51 to 80 BPM. The Kruskal-Wallis test
showed no differences (p=0.882). After consumption of 400 mg of
caffeine some adverse effects were reported as headache (2 subjects)
and transient episode of anxiety (1 subject).

Discussion
Caffeine is a xanthine derivative present in tea (black/green), coffee

(mostly depends of variety of brewed coffee and tea) and, to a lesser
extent, chocolate [2,13]. Caffeine consumption enhances alertness and
concentration, which could be useful for a microsurgeons embarking
on a lengthy procedure. Most studies appear to indicate that the
tremor-inducing effect of caffeine is dose-dependent. In ophthalmic
surgeons, 100 mg caffeine consumption failed to increase operative
hand tremor measured using a noncontact position tracking system,
whereas 200 mg caffeine increased hand tremor amplified by a hand-
held laser pointer, without evidence of changes on surgical skills. In
low-caffeine users, moderate doses (2.5 mg/kg body weight) elicited
hand tremor and high doses (5 mg/kg) worsened dexterity [8]. Under
the effect of relatively high doses of caffeine (200 mg and 400 mg) our
experienced retina surgeons, who consume caffeine on a daily basis
(180-240 mg equivalent to 1 to 3 cups of regular coffee), did not
experience change on their microsurgical skills. On the contrary, there
was a slight tendency to improve, which was statistically non-
significant.

Coffee consumption has been associated with acute increases in
blood pressure (BP) in caffeine-naive people but exerts negligible
effects on the long-term levels of BP in habitual coffee drinkers. The
acute effects of coffee are transient, and, with regular intake, tolerance
develops to its hemodynamic and humoral effects [14,15]. A recent
meta-analysis of 10 randomized controlled trials and 5 cohort studies
assessed BP and the incidence of arterial hypertension in coffee
consumers did not find significant changes in mean systolic or diastolic
BP in coffee drinkers compared with the control group. Evidence
analyzed from this large study showed no clinically important effects of
long-term coffee consumption on BP or risk of arterial hypertension
[7,15-17]. Considering the effects of caffeine, controlled interventional
studies show that in normal adults, even high-dose caffeine does not
affect prevailing cardiac rhythm and rate. Moreover, it does not cause
clinically significant ventricular or supraventricular arrhythmias
[14,18,19]. As shown in this study, there were no blood pressure or
heart rate abnormalities in any of the subjects, and all fluctuations were
between normal ranges.

In addition to the small sample and therefore a possible type 2 error;
our study has several limitation that we would like to address: First, we
considered the coffee tolerance intake of the study subjects, who have a
daily intake of 1 to 3 cups of coffee (180-240 mg of caffeine) that
probably create a “resistance” or tolerance to its effect on performing
microsurgical procedures. Second, the number of study subjects
restricts the collection of statistically significant data.

Caffeine consumption enhances alertness and concentration,
although adverse effects such as tremor or anxiety discourage its
consumption by some microsurgeons (in training or seasoned
experienced). Most studies appear to indicate that its effects are dose
dependent. Its regular use typically causes mild physical dependence as
evidenced by the development of tolerance, withdrawal symptoms and
cravings with abstinence. In this study, microsurgical performance had
a slight tendency to improve with caffeine intake in a dose-dependent
fashion, but results were statistically non-significant. The small number
of subjects limited meaningful results; a study with larger numbers of
subjects probably would yield significant data.
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