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Intraocular Pressure Fluctuations and 24-Hour Continuous
Monitoring for Glaucoma Risk in Wind Instrument Players

Ronald M.P.C. de Crom, MD,* Carroll A.B. Webers, MD, PhD,*
Marina A.W. van Kooten-Noordzij, MD,† Agnes C. Michiels, MD,‡
Jan S.A.G. Schouten, MD, PhD,* Tos T.J.M. Berendschot, PhD,*

and Henny J.M. Beckers, MD, PhD*

Purpose: The purpose of this study is to investigate the influence of
playing a wind instrument on intraocular pressure (IOP) and to
monitor 24-hour (IOP) fluctuations in wind musicians of symphony
and wind orchestras to compare IOP levels during normal daily
activities with IOP levels during playing.

Methods: Professional and amateur musicians of symphony and
wind orchestras were invited to participate. A total of 42 partic-
ipants, 9 with glaucoma, underwent a routine ophthalmologic
examination. IOP measurements were taken before and immedi-
ately after 20 minutes of playing wind instruments. In addition, 6
participants underwent 24-hour IOP monitoring with the Trigger-
fish (Sensimed AG, Switzerland) sensing contact lens, during which
they kept an activity logbook.

Results: Eleven professionals and 31 amateur musicians participated
in the study. A total of 7 eyes of 6 patients underwent additional
24-hour IOP monitoring. Mean IOP before playing was
13.6±2.6mmHg, IOP change after playing was +1.5±2.2mmHg
with a significant difference between professionals (2.5±1.5mmHg)
and amateurs (1.1±2.3mmHg). There were no significant differences
in IOP change between subjects with or without glaucoma. During
24-hour IOP monitoring there were slight increases in IOP while
playing an instrument, but also during other activities and overnight.
These latter IOP levels were similar or even higher than the IOP rise
caused by playing a wind instrument.

Conclusions: IOP often rises after playing wind instruments, but
similar or even higher IOP levels seem to occur during common
other daily activities or at night. These peaks may be relevant for
glaucomatous field progression and treatment of glaucoma patients.

Key Words: glaucoma, wind instruments, triggerfish sensing contact
lens, continuous IOP measurement

(J Glaucoma 2017;26:923–928)

Glaucoma is the second leading cause of irreversible
blindness in the world.1 It is a neurodegenerative eye

disorder with characteristic excavation of the optic nerve
and visual field loss, in which intraocular pressure (IOP) is
an important risk factor.

The influence of playing a wind instrument on IOP and
its relation to the development of glaucoma in wind musicians
is still not clearly elucidated. In addition, the magnitude of
musicians who are at risk is not known. Both the type of wind
instrument and the amount of time that people play their
instrument could probably play a role in the development of
ocular hypertension (OHT) or glaucoma.2–4

There are only few studies on the effects on IOP
related to playing a wind instrument. A study of Aydin
et al2 showed an increase of IOP in musicians after playing
for 90 minutes on their instrument. In a study by Schuman
et al4 IOP and uveal thickness were measured by pneu-
motonometry and ultrasound bio microscopy during
playing a wind instrument. In this study an increase in IOP
in musicians was observed during the playing of both high-
resistance and low-resistance wind instruments and it was
suggested that this IOP rise was the result of a Valsalva
maneuver during playing, causing an increase in uveal
volume. The level of IOP rise was dependent on the tone
frequency, duration, and intensity of playing. They also
found that high-resistance wind instrument players had a
greater incidence of visual field loss than other musicians,
related to the life hours of playing an instrument.
A study by Schmidtmann et al5 investigated the effects of
IOP and blood pressure of playing brass and wind instru-
ments. They found a temporary elevation in IOP and blood
pressure after playing tones on wind instruments, the
magnitude depending on the tone frequency. In addition,
10 minutes of practicing showed a temporary IOP rise in
both brass and woodwind instrument musicians.

The Sensimed Triggerfish sensing contact lens (Sensimed
AG, Lausanne, Switzerland) is a wireless silicon contact lens
sensor, which can be used for recording an IOP related pattern
(in “arbitrary units”) over a 24-hour period, with minimal
disturbance to people’s daily routines and during sleeping
periods. In multiple studies6–14 the contact lens was shown
to be safe and well tolerated in healthy subjects, glaucoma
suspects, and glaucoma patients.

For our present study we wanted to investigate the
impact of wind instrument playing on IOP under normal
conditions (by simulating a real life situation) and in com-
parison to other daily activities to obtain information on the
glaucoma risk for wind instrument players. Therefore,
we firstly assessed the magnitude of IOP increase in wind
instrument players under normal playing conditions.
Secondly, we compared these findings to IOP fluctuations
during 24-hour monitoring with the sensing contact lens, in
an ambulatory mode and during normal activities (including
practicing instruments at home, rehearsals, rest, meals, and
at night).
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METHODS

Subjects
Members from 3 Dutch professional and 3 amateur

symphony or wind orchestras were invited by letter to par-
ticipate in the study. All participants were firstly asked to fill
in a questionnaire on visual complaints and/or eye con-
ditions resulting from and/or interfering with playing in the
orchestra.15 After completing the questionnaire, interested
wind instrument musicians were given the opportunity to
undergo glaucoma screening with routine ophthalmologic
examination and IOP-assessment after playing wind
instruments. Interested musicians of other orchestras who
were not invited could also participate in the glaucoma
screening on their request (study part 1). From this group,
randomly selected subjects were also asked to partake in
24-hour IOP monitoring with the Triggerfish sensing contact
lens (study part 2).

Musicians who participated all gave their written informed
consent to take part in the study, which was performed with
approval of the Ethics committee of the Maastricht University
Medical Center of the Netherlands. The study was conducted
according to the principles of the Declaration of Helsinki
(version 2008, Seoul) and in accordance with the Medical
Research Involving Human Subjects Act (WMO).

All subjects underwent complete ophthalmic examination
including visual acuity, Goldmann applanation tonometry,
gonioscopy, pachymetry, anterior chamber assessment with
anterior segment optical coherence (AS-OCT, Visante; Carl
Zeiss Meditec Inc, Dublin, CA) and visual field testing with
Humphrey perimetry (Carl Zeiss Meditec).

Part 1: Ophthalmologic Examination and
IOP-assessment After Playing Wind Instruments

After determining baseline IOP with Goldmann applana-
tion tonometry, participating subjects were asked to play a
familiar music piece under normal conditions on their wind
instruments uninterruptedly for 20 minutes. Directly (within 15 s)
after playing, IOP was measured again with Goldmann appla-
nation tonometry.

Part 2: 24-Hour IOP Monitoring With Triggerfish
Sensing Contact Lens

The subjects who agreed to participate in this part of
the study underwent an ophthalmologic examination
including corneal topography (Pentacam, Oculus Optikg-
eräte GmbH) and Goldmann applanation tonometry. After
examination, the size of the sensing contact lens was deter-
mined. For all subjects, sensors with a base curve radius of
8.7 mm were appropriate and chosen. The device was fitted,
IOP recording initiated and continued for 24 hours,

including the nocturnal period with undisturbed sleep.
When applicable, subjects were instructed to instill IOP-
lowering medication according to their usual treatment
schedule during IOP monitoring. In addition, subjects were
asked to register their daily activities, music practicing/
rehearsals and sleeping time in an activity logbook. The
Sensimed Triggerfish uses a circular strain gauge and addi-
tional telemetry technology embedded in a disposable sili-
cone contact lens. This strain gauge detects circumferential
fluctuations at the limbal-corneal transition corresponding
with IOP fluctuations.16 The wireless sensor is powered from
a battery containing portable recorder where monitoring
data are stored for the duration of the 24-hour monitoring
session. After 24 hours, the monitoring data were downloaded
onto the ophthalmologist’s computer using custom-made
software. A qualitative fluctuation profile was produced, based
on the median of the approximately 600 sensor output values
recorded over 60 seconds once every 10 minutes during the
monitoring session.

These qualitative fluctuation profiles were linked to the
daily activities of the study subjects with help of their activity
logbooks.

RESULTS

Part 1: Ophthalmologic Examination and
IOP-assessment After Playing Wind Instruments

A total of 42 musicians (26 male) participated in this
study, 11 professional (9 male) and 31 amateur (17 male)
musicians (Table 1). Mean age was 50.2± 13.1 years (range,
22 to 74 y) for the total group, 42.5± 8.0 years for pro-
fessional musicians, 52.9±13.5 years for amateur musicians
(P= 0.026). The mean number of instrument playing hours
during a week was 11.4± 9.9 hours in the total group,
23.5±6.7 hours in the professional group and 7.1±6.3 hours
in the amateur group (P< 0.001). The mean number of
years playing a wind instrument was 29.5±16.2 years in the
total group, 33.2±7.1 years in the professional group
and 28.1±18.4 years in the amateur group (P= 0.38).
The instruments played on were: oboe (8 musicians), trumpet
(5), French horn (3), bassoon (3), bugle (1), and tuba (1)
(high-resistance instrument group) and clarinet (7 musicians),
euphonium (5), trombone (4), saxophone (3), bagpipe (1)
and flute (1) (low-resistance instrument group). Mean
IOP before playing was 13.6± 2.6mmHg in the total
group, 13.9±2.6mmHg in the professional group and
13.5±2.6mmHg in the amateur group (P= 0.51). Mean IOP
change after playing for 20 minutes was 1.5±2.2mmHg in
the total group (range, −2 to 10), 2.5± 1.5mmHg in
the professional group (range, 0 to 4) and 1.1±2.3mmHg
in amateur group (range, −2 to 10) (P= 0.012). In the

TABLE 1. Demographics, Playing Characteristics, and Results of IOP Assessments Before and After Playing a Wind Instrument

Sex

n Age (y) M F
No. Hours

Playing Per Week
No. Years Playing

Instrument
IOP Before Playing
Instrument (mmHg)

IOP Change 20 min After
Playing Instrument (mmHg)

Total group 42 50.2± 13.1 26 16 11.4± 9.9 29.5± 16.2 13.6± 2.6 1.5± 2.2
Professionals 11 42.5± 8.0 9 2 23.5± 6.7 33.2± 7.1 13.9± 2.6 2.5± 1.5
Amateurs 31 52.9± 13.5 17 14 7.1 ± 6.3 28.1± 18.4 13.5± 2.6 1.1± 2.3
P 0.021 0.11 < 0.001 0.38 0.51 0.012

Values are indicated as means ± SD.
F indicates female; IOP, intraocular pressure; M, male.
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total group there was a correlation coefficient of r= 0.31
(P= 0.005) between IOP change after 20 minutes of instru-
ment playing and the total playing hours a week (Fig. 1).
In the correlation calculation we excluded 1 subject with an
IOP change of 10mmHg after 10 minutes of playing, who
stopped playing prematurely.

All participants with a rise in IOP had open angles on
gonioscopy and anterior segment OCT. There were no
statistically significant changes between the high-resistance
instrument group versus the low-resistance group.

In the total group, 9 of 42 subjects were treated for
glaucoma, 8 amateurs and 1 professional (Table 2). All of
these subjects were already diagnosed with glaucoma and
were treated by an ophthalmologist. In 8 subjects glaucoma
was stable in 1 subject glaucoma was slightly progressive in
1 eye. Subjects in the glaucoma group were treated with
topical IOL lowering medication (6 subjects; mean, 1.7
medications), laser peripheral iridotomy and laser irido-
plasty (1 subject), trabeculectomy (1 subject) and 1 patient
was currently off medication. Mean IOP in the glaucoma
group versus the other participants was 14.6± 3.0 mmHg
and 13.3± 2.4 mmHg (P= 0.07). Mean deviation on the
recorded visual fields in both groups were respectively
−7.0± 7.5 dB and −1.5± 2.1 dB (P< 0.001). Mean corneal
thickness was 543± 31 μm, with no statistical difference
between glaucoma patients and the other participants.
Mean IOP change after 20 minutes of playing a wind
instrument was 1.6±3.3mmHg (range, −2 to 10) in the
glaucoma patients group and 1.4±1.8mmHg (range, −2 to 5)
in the nonglaucoma group (P= 0.77).

Part 2: 24-Hour IOP Monitoring With Triggerfish
Sensing Contact Lens

The characteristics of the study participants for IOP
monitoring with the Triggerfish sensing contact lens are
shown in Table 3. All participants completed their 24-hour
measurement. A total of 7 eyes were monitored of 6 wind
instrument players, 1 professional, and 5 amateur musicians.
There were 2 high-resistance wind instruments (hobo, horn,)
and 5 low-resistance wind instruments (trombone, clarinet,
tuba). Mean age of the subjects was 60.7 ± 12.3 years, with a
range of 37 to 75 years. Five of 7 subjects had no preexistent
ophthalmic pathology. Two of 7 subjects received prior
treatment for glaucoma (1 subject trabeculectomy, 1 subject
topical glaucoma medication and laser treatment).

Four musicians showed an IOP rise in study part 1
after playing 20 minutes on their wind instrument. The
mean IOP increase was 3.75 ± 0.38 mmHg. For the others
there was no change in IOP. The IOP fluctuation profiles as
measured by the sensing contact lens of the participants are
shown in Figure 2. The 24-hour monitoring sessions of 2
persons (#3 and #7) showed some disturbances: 1 session
(#3) did not record data for 2 hours and stopped recording 3
hour prematurely. The other session (#7) did not record
data for 6 hours.

In the IOP fluctuation profiles, IOP fluctuations during
daily activities were seen in 5 of 7 profiles. Daily activities
which led to a registered rise in IOP were cycling (11/17
daily activity fluctuations), walking (4/17 daily activity
fluctuations), car driving (1/17) and washing/getting dressed/
making breakfast (1/17). IOP increases during daily

FIGURE 1. Association between playing hours/week and IOP change. The correlation coefficient between IOP change after 20 minutes of
instrument playing and the total playing hours a week was r=0.31 (P=0.005). Most professional musicians had more playing hours a
week and showed a larger IOP change in comparison with amateur musicians.
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activities were similar or often larger in comparison with the
IOP rise while playing a wind instrument or during
the night.

DISCUSSION
In this study we estimated the impact of wind instrument

playing on IOP in the context of the participants’ daily life
situation. We want to mention the high prevalence of glaucoma
in our study (9/42 subjects), which can be explained by the fact
that especially musicians who were already known in our or
other departments wanted to participate in this study. We
examined all participants and measured the IOP rise after
20 minutes of normal playing. The rationale of a 20-minute
playing interval was an empirical decision, because there is no
evidence concerning the optimal duration of a playing period
that will be short or long enough to measure clinical relevant
changes. We have chosen this playing interval for the reason
that most players would practice for at least 20 minutes at a
time, to reflect daily life conditions.

After 20 minutes of playing, we mainly found relative
minor IOP increases, which may be because of the playing
under physiological conditions that we asked our partic-
ipants to do. We did not ask to over exert the participants as
we aimed to simulate daily life conditions. However,
although these changes were mostly small, they may be
significant for individual participants, especially glaucoma
patients.17 In professional musicians we found a larger IOP
elevation when compared with the amateur musicians. In
both groups we found a larger IOP rise in the subjects with
glaucoma in comparison to subjects without glaucoma. We
found no differences between high-resistance or low-resistance
instrument players. Our study showed lower IOP elevations in
comparison with the study of Schuman and colleagues. In their
study IOP elevations of 20 and 22mmHg were found in
2 patients with glaucoma. Their measurement conditions
differed, as IOP measurements were taken in supine position
and after prolonged playing of loud high notes, which may
reflect extreme conditions. We were interested if a similar

increase in IOP would be found during or after playing in more
physiological conditions, which would more represent daily
life. Because our subjects played for 20 minutes, the process of
autoregulation may have played a role, but this assumption
needs further proof. However, even during more physiological
playing conditions, in our study also several patients showed
IOP changes up to 10mmHg after 20 minutes of playing.

Because IOP measurements could be influenced by cor-
neal thickness and/or anterior segment anatomy we performed
pachymetry and gonioscopy. There were no differences
in pachymetry or anterior chamber angle width (no angle
closure) between musicians with or without an IOP elevation
after playing an instrument.

The difference between professional and amateur
musicians in IOP elevation (2.5 mmHg vs. 1.5 mmHg) is
surprising and difficult to explain but there is a difference in
weekly playing hours and overall playing years. Professional
musicians mentioned slightly more playing years (33.2 vs.
28.1 y), but much more weekly playing hours compared with
amateurs (23.5 vs. 7.1 h). For the total group we found a
correlation between the IOP rise after 20 minutes of
instrument playing and the total of playing hours per week
(with both the IOP rise as the amount of playing hours
highest in professionals). There were no correlations
between baseline IOP before playing and IOP change after
playing. It is assumed that professional musicians have
better playing techniques. It may be that they have a more
effective or more powerful way of playing leading to higher
IOP levels, but it is unclear how this works, for example, by
repeated Valsalva like maneuvers or otherwise. We need
further study to elucidate the exact mechanisms. The dif-
ferences in IOP fluctuation between subjects with and
without glaucoma in the total group (1.61 vs. 1.41 mmHg)
are in line with the larger diurnal IOP fluctuations generally
found in glaucoma patients when compared with normals. It
may suggest impaired auto regulation of IOP.

With the Triggerfish sensing contact lens we monitored
IOP for 24 hours to compare the IOP increase as a result of

TABLE 2. Characteristics of Glaucoma Patients Versus Other Participants

n
Mean Deviation
Visual Field

IOP Before
Playing Instrument

IOP Change 20 min
After Playing Instrument

Total group 42 −2.6 ± 2.6 13.6± 2.6 1.5± 2.4
No glaucoma 33 −1.5 ± 2.1 13.3± 2.4 1.44± 1.79
Glaucoma 9 −7.0 ± 7.5 14.6± 3.0 1.61± 3.26
P P< 0.001 P= 0.07 P= 0.77

Values are indicated as means ± SD.
Mean deviation of visual field in Decibels (dB), intraocular pressure (IOP) in mmHg before playing a wind instrument and

IOP change 20 minutes after playing.

TABLE 3. Participant Characteristics of 24-hours IOP Measurement With the Sensimed Triggerfish Sensing Contact Lens

Sex Age (y) Instrument Eye IOP Change (mmHg) Ophthalmic History Glaucoma Medication

#1 M 37 Trombone OD 4 — —
#2 F 60 Oboe OS 4 — —
#3 M 75 Clarinet OS 3 — —
#4 F 68 Trombone OD 4 Trabeculectomy —
#5 F 68 Trombone OS 0 Trabeculectomy, Re-trabeculectomy —
#6 F 57 French horn OD 0 Iridoplasty, iridotomy timolol-dorzolamide
#7 M 59 Tuba OS 0 — —

F indicates female; IOP, intraocular pressure; M, male; OD, right eye; OS, left eye.
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#1  Playing Trombone Sleeping period

#5 Playing Trombone Sleeping period Activities: cycling, cycling, walking

#6 Playing French Horn Sleeping period Activities: walking, walking

#2 Playing Oboe Sleeping period Activities: cycling, dressing, cycling,
cycling, cycling

#3 Playing Clarinet Sleeping period Activities: cycling, cycling, car
driving

#4 Playing Trombone Sleeping period Activities: walking, cycling, cycling, 
walking

#7 Playing Tuba Sleeping period 

FIGURE 2. Results of 24-hour monitoring with the Triggerfish sensing contact lens. The IOP fluctuation profiles of each individual
participant are shown. The red arrows indicate a period of playing a wind instrument, the green arrows a period of daily activity and the
blue arrows a period of sleeping. The IOP fluctuation profile of participant #1 shows 2 periods of playing a wind instrument and 1 period
of sleeping. Profile #2 shows 5 periods of daily activities, 1 period of playing a wind instrument and 1 period of sleeping. Profile #3 shows 3
periods of daily activities, 1 period of sleeping and 1 period of measurement disturbance. Profile #4 shows 2 periods of playing a wind instrument, 3
periods of daily activities and 1 period of sleeping. Profile #5 shows 6 periods of playing a wind instrument, 3 periods of daily activities and 1 period
of sleeping. Profile #6 shows 4 periods of playing a wind instrument, 2 periods of daily activities and 1 period of sleeping. Profile #7 shows 2 periods
of playing a wind instrument, 1 period of sleeping and 1 period of measurement disturbance.
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wind instrument playing to other activities that may also
influence IOP. Surprisingly, we found that the IOP increase
during normal daily activities, such as cycling, was similar
or higher than the increase resulting from playing. The
activities subjects had performed included no strenuous
activities, but were considered normal activities, for which it
was not likely that a Valsalva was involved. No uphill or
increased resistance walking or cycling was performed. In
several cases, nocturnal IOP levels also exceeded IOP peaks
from playing. One study subject participated in the study
with both eyes. This participant was known with primary
open angle glaucoma and showed a slightly progressive
visual field loss in the right eye after trabeculectomy,
whereas her left eye remained stable after trabeculectomy
and retrabeculectomy. After playing in the first part of the
study we found an IOP elevation of 4 mmHg in the right eye
and a stable IOP in the left eye. With 24-hours IOP monitoring
(Fig. 1, #4 and #5) we found IOP elevations in both eyes while
playing a wind instrument and during other activities. Although
this patient had a good (posteriorly located) bleb formation
which did not influenced contact lens fitting, the effect of a
created osteum by trabeculectomy, however, could influence the
IOP measurement by Triggerfish lens by altered biomechanical
condition of the eye. The measurements with the Triggerfish
contact lens had some limitations. Only 6 persons (7 eyes) par-
ticipated in 24 hour IOP monitoring. Although costly, we would
have liked to include more participants in this part of the study.
However, participants had to combine the monitoring with their
daily life activities which also had to include practicing or
rehearsing. This proved to be a too large hurdle for many sub-
jects who found it too difficult to participate. Another limitation
was the measurement disturbances in 2 of 7 measurements
(#3 and #7). These disturbances were probably because of
connection problems between the sensor and the antenna. In 1
session recording stopped prematurely, probably because of
problems with the recorder. With regard to the increase or
changes of contact lens signal with wind-instrument activity or
other daily activities, we would like to make several remarks. We
know that the total IOP level as measured by the Triggerfish
contact lens is influenced by intraocular volume changes, bio-
mechanical aspects of the eye and the IOP itself. It is thinkable
that instrument playing or other activities (for example bicycle
riding) could influence the output signal of the contact lens
because of possible changes at the level of the corneoscleral
junction. We have evaluated the different CLS curves in order to
see if there were any changes in CLS signal during the specific
activities, compared with the other measured points. The most
obvious difference in CLS signal was found during the night,
where the signal showed less disturbances and amplitude, an
effect because of an absence of blinking during sleep and lack of
activity by the subject. Because of the low number of Triggerfish
measurements in our study (7 subjects) and measurement dis-
turbances in 2 of 7 subjects, further statistical analysis of our data
was not performed. Another limitation of this method is the fact
that the IOP profile is generated in arbitrary units and not in mm
Hg. Only fluctuations in IOP can be observed and compared
within 1 monitoring session. The exact IOP, for example,
measured in mm Hg by Goldmann tonometry, cannot be
defined or extracted from the fluctuation profiles.

Despite this, our study shows that under normal conditions,
IOP often increases after playing wind instruments. This IOP rise
is mostly mild and although higher in professionals, probably
not harmful for subjects without glaucoma. Glaucoma patients
showed a larger IOP rise after playing compared with the other
participants, which might be relevant for their risk of visual field

progression. However, other daily activities were also found to
lead to higher IOP levels. Therefore, it remains difficult to advise
glaucoma patients with regard to wind instrument playing. When
in doubt if IOP is under control, it can be helpful to invite them
to the office and measure IOP after playing. In our study, several
subjects showed IOP rises of 5 to 10mmHg after 20 minutes of
playing a wind instrument. In case of a significant IOP rise,
treatment can be intensified to promote a more stable diurnal
curve (eg, trabeculoplasty, incisional surgery). However, in
advanced glaucoma cases or in patients who have progressive
glaucoma we have to be careful in our advice with regard to
continuing playing their wind instrument until we have more
evidence.
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