Graefe's Archive for Clinical and Experimental Ophthalmology (2022) 260:1237-1244
https://doi.org/10.1007/500417-021-05374-y

GLAUCOMA q

Check for
updates

Measurement of the retinal venous pressure with a new instrument
in healthy subjects

Richard Stodtmeister'® . Emilie Wetzk' - Robert Herber’ - Karin R. Pillunat’ - Lutz E. Pillunat’

Received: 17 March 2021/ Revised: 15 July 2021 / Accepted: 6 August 2021 / Published online: 9 September 2021
© The Author(s) 2021

Abstract

Background The retinal venous pressure (RVP) is a determining factor for the blood supply of the retina as well as the optic
nerve head and until recently has been measured by contact lens dynamometry (CLD). A new method has been developed,
potentially offering better acceptance. The applicability and the results of both methods were compared.

Methods The type of this study is cross sectional. The subjects were 36 healthy volunteers, age 26+ 5 years (mean =+s).
Tonometry: rebound tonometer (RT) (iCare). The measurements were performed during an increase in airway pressure
of 20 mmHg (Valsalva manoeuvre). Principle of RVP measurement: the central retinal vein (CRV) is observed during an
increase of intraocular pressure (IOP) and at the start of pulsation, which corresponds with the RVP. Two different instruments
for the IOP enhancement where used: contact lens dynamometry and the new instrument, IOPstim. Principle: a deflated bal-
loon of 8 mm diameter—placed on the sclera laterally of the cornea—is filled with air. As soon as a venous pulsation occurs,
filling is stopped and the IOP is measured, equalling the RVP. Examination procedure: randomization of the sequence: CLD
or IOPstim, IOP, mydriasis, IOP three single measurements (SM) of the IOP with RT or of the pressure increase with CLD
at an airway pressure of 20 mmHg, 5 min break, IOP, and three SM using the second method at equal pressure (20 mmHg).
Results Spontaneous pulsation of the CRV was present in all 36 subjects. Pressures are given in mmHg. IOP in mydriasis
15.6 £3.3 (m=+s). Median RVP (MRVP)) of the three SM: CLD/IOPstim, 37.7 +5.2/24.7 +4.8 (¢ test: p<0.001). Range
of SM: 3.2+ 1.8/2.9+1.3 (7 test: p=0.36). Intraclass correlation coefficient (ICC) of SM: 0.88/0.83. ANOVA in SM:
p=0.48/0.08. MRVP CLD minus MRVP IOPstim: 13.0 +5.6. Ratio MRVP CLD/MRVP IOPstim: 1.56 +3.1. Cooperation
and agreeability were slightly better with the IOPstim.

Conclusion This first study with the IOPstim in humans was deliberately performed in healthy volunteers using Valsalva
conditions. As demonstrated by ICC and ANOVA, reproducible SM can be obtained by both methods and the range of the
SM does not differ greatly. The higher MRVP in CLD could be explained by the different directions of the force vectors.

Keywords Venous pressure - Retina - Dynamometry - Glaucoma - Valsalva manoeuvre

Key messages
® Retinal venous pressure (RVP): a potent risk factor in glaucoma
® [OPstim: new instrument for measurement of RVP

® [OPstim: good reliability and good acceptance

Introduction

Bailliart first described the use of dynamometry to measure

>4 Richard Stodtmeister the blood pressure of the eye [1]. The term technically means
stodtmeister @t-online.de the measurement of force. A force needs to be applied to the
! Univ. Klinikum Carl Gustay Carus, TU Dresden, eye to induce a rise in intraocular pressure (IOP), which elic-
Fetscherstrasse 74, 01307 Dresden, Germany its pulsation of the retinal vessels on or near the optic disc.

@ Springer


http://orcid.org/0000-0002-8689-2913
http://crossmark.crossref.org/dialog/?doi=10.1007/s00417-021-05374-y&domain=pdf

1238 Graefe's Archive for Clinical and Experimental Ophthalmology (2022) 260:1237-1244

Different instruments have been invented: the first one was
developed by Bailliart [1]; the impression dynamometer was
developed by Miiller [2]; and the concave lens dynamometer
[3], the angiotonometer [2, 4], the suction cup dynamom-
eter [5] and the contact lens dynamometer (CLD) have
been developed [6]. With the exception of the CLD these
instruments were calibrated in arbitrary units that had to be
converted into intraocular pressure units. This conversion
showed considerable variability [7]. To overcome this disad-
vantage, a new instrument was developed in which the artifi-
cially enhanced IOP is measured by commercially available
tonometers that have been officially verified. The advantages
of this instrument over many of the abovementioned instru-
ments are that it can be handled by a single examiner and
that it does not need official verification because the meas-
urement itself is used for tonometry. In the present study,
the instrument is described for the first time, and the reti-
nal venous pressure measurement results obtained with this
instrument are compared with those obtained by the CLD
in healthy subjects. The applicability and reliability of the
instrument in humans were also assessed.

Methods
Instruments

The new instrument (Fig. 1) enhances the IOP by the infla-
tion of a balloon of 8§ mm diameter mounted on a cup. The
balloon is positioned laterally to the cornea on the globe.
Surface anaesthesia is recommended (Fig. 2). The expend-
able balloon is mounted on a spectacle-like frame and con-
nected by a flexible silicone tube to a motor pump that is
operated by a foot switch. The measurement process is as
follows: the frame is mounted on the head of the subject,
and the central unit with the motor pump is activated. At this
stage, the balloon has the shape of a hemisphere due to its

AERE . -

Fig. 1 The IOPstim positioned at the eye. Copyright: TU Dresden.
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Fig.2 Measurement of the retinal venous pressure by contact lens
(CL) dynamometry. The Goldmann 3-mirror CL is held in place
by the ring mount which is connected with the CL by strain gauges
whose signal is sent to the central unit by a flexible cable

material stiffness. As soon as it touches the globe, its pres-
sure is reduced to — 12 mmHg. Due to this pressure change,
the balloon is pulled into the cup, which is positioned on
the globe with a force that is as small as possible. Then,
the central retinal vein (CRV) and its branches on the optic
disc or close to it are inspected. In case one of these vessels
pulsates, the IOP is measured by a commercially available
tonometer, and the measurement value is noted as the reti-
nal venous pressure (RVP). If there is still no pulsation, the
motor pump is started to increase the pressure in the balloon.
With this procedure, the balloon enlarges. This procedure
in turn exerts force on the globe, resulting in an increase in
the IOP. As soon as the CRV pulsates, the motor pump is
stopped, the IOP is measured immediately, and the balloon
is deflated. The measured IOP is the RVP.

The instrument is called IOPstim because it may stimu-
late the retinal vessels to pulsate. It is manufactured by Ime-
dos Health GmbH in Jena, Germany.

Contact lens dynamometry

The results obtained with this new method were compared
with those obtained by a contact lens dynamometer (CLD).
The CLD has, until now, been the method of choice to meas-
ure the RVP [6]. The instrument consists of a commercially
available Goldmann 3-mirror contact lens that is connected
by strain gauges to a metal ring. The signals of these sensors
are processed in a central unit, and the result is displayed as
an increase in the intraocular pressure. In the measurement
of the retinal venous pressure, the instrument is attached to
the eye, and the optic nerve head with its vessels is examined
while the force of attachment is gradually increased. As soon
as the CRV pulsates, the measurement is stopped, and the
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increase in intraocular pressure is read from the liquid crys-
tal display on the central control unit. The RVP is calculated
as the sum of the initial intraocular pressure and this reading.
A more detailed description of the measurement procedure
is given in an earlier publication [8].

Subjects and procedure

This cross-sectional study was performed in accordance
with the Declaration of Helsinki and was approved by the
institutional ethics committee of the Technical University
of Dresden (EK 322062019). The measurements were per-
formed in 36 healthy Caucasian volunteers (Table 1) who
provided informed consent. The inclusion criteria were as
follows: healthy subjects aged 18—49 years with a pupil
diameter in mydriasis of > 6 mm. The exclusion criteria were
as follows: extraocular and intraocular inflammation, retinal
detachment, corneal scars, blurred optical media, monoph-
thalmia, spherical refraction equivalent of < —5 dioptres,
arterial hypertension, nephropathia, diabetes mellitus, cold
extremities, cardiopathies, earlier eye surgery, glaucoma and
insufficient compliance. Every subject included in this study
could be measured by both methods and no one had to be
excluded because of insufficient compliance. The left eye
was examined. The order in which the instruments were used
(IOPstim or CLD) was determined by an urn model without
replacement in groups of ten. The protocol was as follows:
initial rebound tonometry (RT; iCare, Tiolat Oy, Vantaa, Fin-
land), mydriasis, RT, semiautomatic systemic blood pressure
measurement (Omron 5 Professional, Omron, Kyoto, Japan)
and three measurements of RVP by the IOPstim or CLD in
quick succession during the Valsalva manoeuvre (VM) at an
airway pressure of 20 mmHg. During the VM, the subject
blew into a flexible tube connected to an aneroid manometer,
which is used for manual BP measurement (Fazzini, Vimo-
drone, Italy), positioned in front of the right eye, RT. The
procedure was repeated with the second instrument.

The cooperation of the subjects was rated using 4
classes: (1) the lids were fully slack, indicating excellent

cooperation; (2) there was low lid tension, indicating good
cooperation; (3) it was very difficult to attach the instrument
to the globe, indicating fair cooperation; (4) the examina-
tion was terminated early, indicating insufficient coopera-
tion. Agreeability was assessed by a 5-stage classification
system: (1) contact was sensed, and there was no irritation,
indicating an excellent outcome; (2) contact was sensed, and
it was well tolerated, indicating a good outcome; (3) contact
was poor, and it was tolerated for some minutes only, indi-
cating a fair outcome; (4) contact was painful, and it was
nearly intolerable; (5) the examination disrupted because of
pain. Parametric and non-parametric descriptive tests were
performed, depending on the distribution of the variables.
In the examination session, the patient was asked about the
subjective comfort of the two methods, and the examiner
reported which of the two methods was easier to handle.

The statistical analysis was performed using spreadsheet
software (Excel 2016 software, Microsoft Corp.) to collect
the data as well as SPSS (version 25, IBM Corp.) and Sta-
tistica (version 12.1SP1, Statsoft, Europe) to perform the
statistical tests. The normality of the data was assessed by
p-p diagrams. Different test methods were used according to
whether the data were normally distributed. A p value lower
than 0.05 was considered statistically significant. The repeat-
ability of three consecutive measurements was assessed by
the intraclass correlation coefficient.

Results

The demographic characteristics of the study population are
presented in Table 1. The RVP values (Table 2) measured
by the CLD were evidently higher than the values obtained
with the IOPstim (Fig. 3). The CLD/IOPstim ratio was
1.57+0.31 (mean +s). The three single measurement val-
ues obtained by CLD did not differ significantly (Friedman
ANOVA: p=0.64). However, as measured by the [OPstim,
the median of the third value was 0.9 mmHg smaller (Fried-
man ANOVA: p=0.03) (Fig. 3). For the three measurements

Table 1 Description data of the

. . N=36

subjects. BPsys, systolic blood

pressure; BPdia, diastolic blood m/f: 13/23

pressure; Init. JOP, intraocular -

pressure before mydriasis. HF, Min Ql Med Q3 Max IQR

heart rate frequency, beats per ]

minute: BCVA, best corrected Age, years 19.9 22.7 24.6 294 404 6.7

visual acuity. Abbreviations: Q1 BPsys, mmHg 92 108 118 127 164 19

first quartile, O3 third quartile, BPdia, mmHg 67 74 80 86 105 12

IQR interquartile range HF, bpm 35 66 72 79 98 13
BMI, kg/m? 18.7 20.7 21.8 23.8 29.0 3.0
Init. IOP, mmHg 11.8 15.2 16.4 18.1 244 29
BCVA, dec 0.8 1.0 1.0 1.0 1.3 0.0
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Table 2 Retinal venous pressure values measured by contact lens
dynamometry (CLD) and with IOPstim at an airway pressure of
20 mmHg. For each method, 3 readings were taken in rapid succes-

sion. Abbreviations: CLD contact lens dynamometry, /OPstim 10P
stimulator, Min minimum, Q1 Ist quartile, Med median, Q3 3rd quar-

tile, Max maximum, /QR interquartile range

N=36
Reading Min Ql Med Q3 Max IQR
CLD 1 22.2 34.6 37.6 40.4 53.3 6.1
2 21.3 35.2 37.3 41.0 48.4 5.8
3 19.6 34.5 38.2 40.4 47.3 5.9
IOPstim 1 15.0 21.2 24.9 29.6 36.8 8.4
2 15.8 21.2 24.7 28.3 34.5 7.1
3 15.3 21.0 24.0 28.1 33.8 7.0
55 8 -
° N=36 N=36 N=36 CLD N=36 |OPstim
2 50 > © ° -
£ T T Friedman's ANOVA I - T
£ 45 T p=0.03 g 4 - T
S 40 ] g 2
73 o o @ - ICC=0,89 £5
3 35 o 2
& 1l T T T g8 o |°
2 30 — oa ° ° ° °
3 T M 28 2
& 25 a o . ae
= ° L'J L g -4
S 20 2 5 —I— = - +
© 15 Friedman's ANOVA J_ = 6 Of;e Sampl_eot-test: L S ==
x P=0.64 9 B reference =
10 0.67 025 042 ‘ 0.19 004 040
1 2 I K 2 3 10

Number of measurements
Contact lens dynamometer IOPstim

Fig.3 Box plots of RVP at the three measurement time points at an
airway pressure of 20 mmHg. Abscissa: number of measurements.
Left side: RVP measured by the CLD. Right side: RVP measured
by the IOPstim. Ordinate: RVP. Abbreviations: RVP =retinal venous
pressure. CLD=contact lens dynamometer. IOPstim=intraocular
pressure stimulator

determined by the CLD, the intraclass correlation coefficient
was 0.88 (95% confidence interval: 0.801-0.931), and in
the IOPstim measurements, it was 0.89 (95% confidence
interval: 0.83-0.94). The median differences in the meas-
urement values for one subject across the 3 single meas-
urements (Fig. 4) did not differ significantly from zero
with the CLD method (CLDM) (one sample ¢ test, refer-
ence =0: p=0.25). There was a slight difference between
the second and third measurements with the IOPstim method
(I0OPstimM) (p =0.04). The median range of the three sin-
gle measurements was 2.7 mmHg with the CLDM and
2.9 mmHg with the IOPstimM (Table 3). The differences of
the RVP values measured by [OPstim minus measured by
CLD were — 13.0+5.6 mmHg.

When the CLD or the IOPstim were attached to the globe,
a force was needed. The median IOP increase induced by
that force (Table 4) was 10.0 mmHg with the CLDM and

@ Springer

2-1 3-2 3-1 2-1 3-2 3-1
Differences across 3 consecutive time points

Fig.4 Differences in the retinal venous pressure (RVP) values taken
in rapid succession by contact lens dynamometry (left) and by IOP-
stim (right). Abscissa: 2—1: Time point (TP) 2-TP 1; 3-2: TP 3-TP 2;
3—1: TP 3-TP 1. Ordinate: RVP difference in mmHg, negative values:
decrease in the RVP. Airway pressure 20 mmHg. For abbreviations,
see Fig. 2

2.2 mmHg with the IOPstimM (p <0.001). The variability
was higher with the IOPstimM.

The median IOP decreased by 3.8 mmHg from baseline
to the end of the experimental session. This difference was
statistically significant (p <0.001). For the CLDM, the RVP
is defined as the sum of the IOP prior to the insertion of the
CLD and the pressure increase induced by the instrument
displayed on the LCD screen: RVP =10P + AIOP.

The cooperation of the subjects was significantly better
with the IOPstimM than with the CLDM (Fig. 5). The agree-
ability of the subjects with the two methods, as assessed by
a five-stage classification system, did not differ significantly
(p=0.23). The measurement did not need to be interrupted
because of pain for any of the subjects (Fig. 6). Twenty-four
of the 36 subjects preferred the IOPstim for comfort, and the
examiner reported that in 21 of the 36 subjects, the IOPstim
examination was easier to execute.
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Table 3 Median range of the

N=36
three measurements of the
retinal venous pressure taken Method Min Ql Med Q3 Max IQR
with the two methods at an
airway pressure of 20 mmHg CLD 1.0 2.2 2.7 4.4 8.8 2.2
IOPstim 0.8 2.2 2.9 3.4 6.2 1.3
Table 4 Increase in the N=36
intraocular pressure induced by
positioning the inst}rur.nents at Instrument Min Q1 Median Q3 Max IQR Wilcoxon test: p <0.001
the eye. For abbreviations, see CLD 50 3.8 10.0 112 128 25
Table 2
IOPstim -6.0 -0.3 2.2 54 16.2 5.6
Discussion IOPstim is shown in Fig. 5: in 30 of 36 subjects, the lids
were fully slack, and in the remaining four subjects, the
Reliability lid tension was low. For comparison, in 21 of the subjects

The first question of the study was as follows: what is the
reliability of the measurements? To answer this question,
we calculated the median differences of the measurement
values across the three consecutive time points of meas-
urement for each of the two methods. Figure 4 shows that
with the CLDM, there was a slight decrease by less than
2 mmHg from the first to the third measurement. For
the IOPstimM, there was a minor increase in the median
from the second to the third time point, which may be
attributed to an increase in the range to higher values.
Overall, the differences in the medians were minor in
relation to the range shown by the box plots in Fig. 4 and
in Table 3. This wide range may be attributed to the fact
that all measurements of RVP were performed during the
VM with an airway pressure of 20 mmHg. In the CLD
measurements during the VM at an AirP of 20 mmHg
in 42 subjects, the range of three readings had the same
order of magnitude: 2.2 (1.8) mmHg) (median (interquar-
tile range)). In 16 glaucoma patients, however, the CLD
measurements (unpublished) without the VM showed a
lower median of 1.5 (1.4) mmHg for the readings. Thus,
it may be assumed that a considerable part of the vari-
ability of the RVP values in this study may be due to
inter-individual effects of the AirP on the RVP caused
by the peculiarities of the venous system [9].

Despite this wide range, the reliability showed good
agreement, with ICC of 0.88 with the CLDM and 0.89
with the IOPstimM.

Cooperation

The second question was as follows: would subjects coop-
erate with the measurement process? The answer for the

for whom the CLD was used, the lids were fully slack, and
in 10 subjects, contact was sensed, but the severity was
tolerable. In five subjects, contact with the CLD was poor
and tolerable for some minutes only. In comparison with
the contact lens method used in daily clinical diagnostics,
the IOPstim is well tolerated, and the cooperation is even
better than that with the CLD.

Agreeability

After the development of the IOPstim, the urgent question
was: would subjects or patients tolerate measurements with
the instrument? Therefore, we prepared a questionnaire:
according to Fig. 6, eighteen subjects reported sensation
after contact with the IOPstim but felt no irritation. An
additional fourteen subjects distinctly sensed the contact and
tolerated it well. Four subjects sensed the contact as poor but
could tolerate it during the measurement. For comparison,
the agreeability of the previously used CLDM was slightly
less than that of the IOPstim. The difference was not statisti-
cally significant (Fig. 6).

Why were measurements performed
during the Valsalva manoeuvre?

The present study is the first to assess the applicability of
the IOPstim in humans. For ethical reasons, the study was
planned in healthy subjects. The vast majority of healthy
subjects, however, show spontaneous pulsation of the CRV
[10, 11], which indicates that the retinal venous pressure
is equal to or slightly higher than the intraocular pres-
sure [12, 13]. In these subjects, tonometry is sufficient to
obtain an estimate of the RVP. Thus, a study in healthy
subjects without this characteristic would probably have
failed because of an insufficient number of eligible volun-
teers. When the RVP rises by 15 mmHg during the VM,
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Table 5 Intraocular pressure

. . . N=36
at three time points: baseline,
after mydriasis and after the Time point Min Ql Med Q3 Max IQR
last IOP measurement. For
abbreviations, see Table 2 Baseline 11.8 12.2 16.4 18.1 24.4 2.9
After mydriasis 12.1 13.5 14.6 17.1 29.8 3.6
Last IOP 7.0 10.8 12.6 14.0 21.6 32

Cooperation of the subjects

35
IOPstim N=36
30
p<0.001
25
> CLD
2 20
(0]
3
o
® 15
-
CLD
10 f
IOPstlmH cLD
5
0
Excellent Good Fair

Class of cooperation

Fig.5 Frequency (ordinate) of classes corresponding to the level of
cooperation of the subjects during the measurement

Agreeability of RVP measurement

20
18 10Pstim N=36
p=0.23
16
Classes:
14 1= excellent
2= good
12 3= fair

4= nearly intolerable

Frquency
)

CLD

o N A O @

Class of agreeability

Fig.6 Agreeability of the subjects with the two different methods.
Ordinate: frequency

no spontaneous pulsation of the CRV—a prerequisite of
the measurement of RVP—can be observed. Blood pres-
sure measurement at the upper arm is not possible if there
is Korotkoff noise at a cuff pressure of zero. Despite the
wide variability of the RVP values (interquartile range:
18 mmHg) in the presence of an AirP of 20 mmHg, we
decided to conduct the measurements in the presence of a

@ Springer

high AirP because the coefficient of variation was accept-
able, with a mean of 8.1% [14].

Peculiarity in RVP measurement

The arterial pressures measured by dynamometry [15] are
generally considerably higher than the IOP. In these cases,
the small IOP increase caused by the initial contact of the
instrument with the globe does not affect the measure-
ment. In the RVP measurement, however, different condi-
tions exist. In cases of no pulsation of the CRV, pulsation
may occur after the attachment of the CLD, even with the
slightest possible force. The reason may be that the small
IOP increase caused by this attachment leads the RVP to
exceed the threshold. In these cases, the amount by which
the value exceeds the threshold is unclear. This induced
pressure increase is dependent on the lid tension, and the
median was 10.0 mmHg with the CLDM and 2.2 with the
IOPstimM (Table 4). The variability, however, described
by the interquartile range, was considerably smaller with
the CLDM. The negative values seen with the IOPstimM
may also be due to the variability caused by tonometry.
It can be expected that smaller RVP values would be
recorded using the IOPstim than using the CLD.

Changes in IOP

The IOP after dilation of the pupil was 1.8 mmHg lower
than the initial value and remained 2.0 mmHg lower
after the examinations. This last pressure decrease must
be attributed to the so-called tonographic effect, which
decreases the IOP. In RVP measurement, the threshold
pressure is defined as the sum of the pre-existing IOP
and the artificially induced increase in IOP. If the pre-
existing IOP is low, a larger artificially induced increase
in IOP is needed to reach the threshold pressure. This
means that higher CLD readings may be caused by the
tonographic effect. We used the IOP measured directly
prior to the RVP measurement in the calculation of the
RVP using the following equation: RVP =10P + AIOP.
For the IOPstimM, the tonographic effect does not
play a role because the IOP is directly measured by
tonometry.
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Higher RVP with the CLDM

An unexpected finding was that the median RVP values
(Fig. 2 and Table 2) were 13 mmHg higher (p <0.001)
with the CLDM than with the IOPstimM. It may be dis-
cussed whether this difference may be caused by a cali-
bration error in the CLDM. Morgan et al. [16], however,
showed that calibration results were not significantly dif-
ferent from the CLD that we used [17]. Thus, a calibration
error may be improbable. In addition, in this study, the
median RVP values are 37.3-38.2 mmHg (Table 5) and
hence in the same order of magnitude as in the healthy
subjects in a different study in which the mean RVP was
35 mmHg at 20 mmHg of airway pressure [14]. This com-
parison may be a hint that the results of the CLDM in this
study are not an exception.

A calibration error in the /OPstimM is not probable
because the artificially increased IOP during the measure-
ment of the RVP was performed by the standardized iCare
tonometer. The purpose of the IOPstim is only the increase
of IOP and its maintenance during a short time span in
which the increased IOP is measured.

A tonographic effect may be discussed in the IOPstimM
because there is a maximal time span of 1 min between the
observation of the pulsation and the measurement of the IOP.
According to Ulrich and Ulrich, the pressure drop during this
interval may approximately be 1.4 mmHg [18]. In this study,
the IOPstim values were smaller by 13 mmHg than the values
obtained by the CLDM. Thus, a possible tonographic effect
may maximally contribute to this difference by 11%.

Another reason may be that we conducted measurements
under Valsalva conditions, in which an increase in central
(cerebral) venous pressure takes place [19]. These authors
invasively measured the pressure in the jugular vein during
the VM. In their investigations, this pressure was as high
as the airway pressure. A congestion in the cerebral veins
may therefore be assumed, as this congestion causes an addi-
tional pressure increase in the cerebral tissue. Because of
the enclosure in the skull, the intracranial pressure may have
also increased, which in turn compresses the CRYV, increasing
its resistance. The main vector with the CLDM is directed
toward the apex of the orbit, where it contacts the congested
tissue, additionally increasing its pressure. It may be hypoth-
esized that this special condition causes the RVP to increase
with the CLDM.

In contrast, with the IOPstimM, the main vector of the
applied force is directed toward the medial wall of the orbit.
Additionally, it may be assumed that the tissue pressure in
the orbit is lower than in the skull during the VM because the
frontal orbital wall is distensible. Thus, the resulting tissue
pressure on the CRV outside the eye may be less with the
IOPstimM than with the CLDM. Consequently, the CRV is

associated with a smaller resistance and, therefore, a smaller
pressure within the eye.

In the IOPstimM, the globe is deformed by the balloon.
This condition may influence the physical properties of the
cornea what in turn may alter the measurement values of the
iCare tonometer. We cannot exclude this possibility but there
are to the best of our knowledge no results in the literature
which may back this hypothesis.

Whether the difference in the measurement values
between the two methods is due to technical differences or
due to the VM may be determined by the measurements with-
out the VM. This investigation may be possible in glaucoma
patients, as the SVP is not present in approximately 50% of
these individuals [10, 20].

Limitations

To test the new IOPstim in healthy volunteers, measurements
had to be taken during the VM. As we pointed out, this condi-
tion may be the major reason for the significant change in the
median by 13 mmHg.

The subjects included Caucasians only. The question of
whether the IOPstim may also be applicable in subjects or
patients with narrower palpebral fissures remains.

The judgments regarding cooperation and agreeability are
subjective. Because the results are positive, we feel it justifi-
able to use the IOPstim in patients.

Conclusion

The new IOPstim was well accepted by the subjects and
by the examiner. The results show good reliability. The use
of this instrument in clinical diagnostics seems justified. A
further study in glaucoma patients is necessary in order to
investigate whether the difference in the results of the two
methods of measuring the RVP used here may also be present
in glaucoma patients in which no VM is necessary because
the pulsation of the central retinal vein is absent in about
half of them.

Funding Open Access funding enabled and organized by Projekt
DEAL.

Declarations

Ethics approval and consent to participate All procedures performed
in this study were in accordance with the ethical standards of the
institutional ethics committee of the Technical University of Dresden
(EK 322062019) and with the 1964 Helsinki Declaration and its later
amendments. Informed consent was obtained from all individual par-
ticipants included in this study.

@ Springer



1244 Graefe's Archive for Clinical and Experimental Ophthalmology (2022) 260:1237-1244

Conflict of interest The study was funded by Imedos GmbH, Jena,
Germany. This company provided the IOPstim instrument and the
iCare tonometer. The corresponding author received a travel grant by
Imedos GmbH and is consultant to this company.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Bailliart P (1917) La pression arterielle dans les branches de
I’artere centrale de la retine; nouvelle technique pur la determiner.
Ann Ocul 154:648-666

2. Niesel P (1970) Ophthalmodynamometrie. In: Straub W (ed) Die
ophthalmologischen Untersuchungsmethoden. Ferdinand Enke
Verlag, Stuttgart, pp 383418

3. Sisler HA (1972) Optical-corneal pressure ophthalmodynamom-
eter. Am J Ophthalmol 74:987-988

4. Baurmann M (1951) Ein verbessertes Dynamometer.
BerDtschOphthalmolGes 57:330-333

5. Mikuni M, Iwata K (1965) Perilimbal suction cup in glaucoma.
Acta Med Biol (Niigata ) 13:161-171

6. Loew B (1997) Kontaktglasdynamometrie. Klin Monatsbl Augen-
heilkd 210:131

7. Stodtmeister R, Pillunat L, Mattern A, Polly E (1989) [Relation of
negative pressure difference and artificially elevated intraocular
pressure using the suction cup method]. Die Beziehung zwischen
negativer Druckdifferenz und kunstlich erhohtem Augeninnen-
druck bei der Saugnapfmethode. Klin Monatsbl Augenheilkd
194:178-183

8. Stodtmeister R, Ventzke S, Spoerl E, Boehm AG, Terai N,
Haustein M, Pillunat LE (2013) Enhanced pressure in the cen-
tral retinal vein decreases the perfusion pressure in the prelami-
nar region of the optic nerve head. Invest Ophthalmol Vis Sci
54:4698-4704. https://doi.org/10.1167/iovs.12-10607

@ Springer

9. Gelman S (2008) Venous function and central venous pressure: a
physiologic story. Anesthesiology 108:735-748. https://doi.org/
10.1097/ALN.0b013e3181672607

10. Morgan WH, Hazelton ML, Yu DY (2016) Retinal venous pul-
sation: expanding our understanding and use of this enigmatic
phenomenon. Prog Retin Eye Res 55:82—107. https://doi.org/10.
1016/j.preteyeres.2016.06.003

11. Meyer-Schwickerath R, Kleinwachter T, Firsching R, Papenfuss
HD (1995) Central retinal venous outflow pressure. Graefes Arch
Clin Exp Ophthalmol 233:783-788

12. Duke-Elder WS (1926) The venous pressure of the eye and its
relation to the intra-ocular pressure. J Physiol 61:409-418

13. Westlake WH, Morgan WH, Yu DY (2001) A pilot study of
in vivo venous pressures in the pig retinal circulation. Clin Experi-
ment Ophthalmol 29:167-170

14. Heimann S, ;Stodtmeister,R.Pillunat,L.E.;Terai,N.; (2020) The
retinal venous pressure at different levels of airway pressure.
Graefes Arch Clin Exp Ophthalmol in press

15. Ulrich WD (1976) Grundlagen und Methodik der Ophthalmody-
namometrie, Ophthalmodynamographie. Temporalisdynamogra-
phie. VEB Georg *Thieme, Leipzig

16. Morgan WH, Cringle SJ, Kang MH, Pandav S, Balaratnasingam
C, Ezekial D, Yu DY (2010) Optimizing the calibration and inter-
pretation of dynamic ocular force measurements. Graefes Arch
Clin Exp Ophthalmol 248:401-407

17. Loew UG (2002) Kalibrierung des Kontaktglasdynamometers an
enukleierten Schweineaugen und klinischer Vergleich zwischen
dem Kontaktglasdynamometer und der Smartlens. Medizinische
Fakultaet der Universitaet des Saarlandes.

18. Ulrich C, Ulrich WD (1987) OPT - Okulo-Pressions-Tonometrie
zur Bestimmung der AbfluBleichtigkeit und Kammerwasserbil-
dung des Auges. VEB Georg Thieme, Leipzig

19. Pott F, Van Lieshout JJ, Ide K, Madsen P (1985) Secher NH
(2000) Middle cerebral artery blood velocity during a valsalva
maneuver in the standing position. J Appl Physiol 88:1545-1550

20. Seo JH, Kim TW, Weinreb RN, Kim YA, Kim M (2012) Relation-
ship of intraocular pressure and frequency of spontaneous retinal
venous pulsation in primary open-angle glaucoma. Ophthalmol-
ogy 119:2254-2260. https://doi.org/10.1016/j.ophtha.2012.06.007

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1167/iovs.12-10607
https://doi.org/10.1097/ALN.0b013e3181672607
https://doi.org/10.1097/ALN.0b013e3181672607
https://doi.org/10.1016/j.preteyeres.2016.06.003
https://doi.org/10.1016/j.preteyeres.2016.06.003
https://doi.org/10.1016/j.ophtha.2012.06.007

	Measurement of the retinal venous pressure with a new instrument in healthy subjects
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Instruments
	Contact lens dynamometry
	Subjects and procedure

	Results
	Discussion
	Reliability
	Cooperation
	Agreeability
	Why were measurements performed during the Valsalva manoeuvre?
	Peculiarity in RVP measurement
	Changes in IOP
	Higher RVP with the CLDM
	Limitations

	Conclusion
	References


