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Comparison of two rebound tonometers in healthy horses
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Tonovet Plus® rebound tonometers. Horses’ mean age was 10.7 (range 6-17) years.

ics, with minimal restraint.

Results: Calculated reference intervals (the CLSI robust method) were 14.4-
27.2 mmHg for Tonovet® and 16.0-26.1 mmHg for Tonovet Plus®. Mean values (+
standard deviation, SD [+ coefficient of variation, CV]) obtained with Tonovet Plus®
(21.6 + 2.45 mmHg [11.3%]) were on average 0.6 mmHg higher than with Tonovet®
(21.0 + 3.14 mmHg [15.0%]), and a negligible statistical difference between the de-
vices was found using the paired sample t test (P = .049). The correlation coefficient
for the averaged triplicate measurements was 0.73. The average CV was 4.6% and
4.4% for Tonovet® and Tonovet Plus®, respectively.

Conclusions: The repeatability of measurements was very good with both devices.
The readings between the two devices differed statistically significantly, but the cor-
relation was considered good and the variation was numerically small, and thus, the
difference was considered clinically irrelevant. When monitoring disease process or
treatment response in an individual patient, repeated readings are best performed
using a similar device to avoid false interpretation of results.
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1 | INTRODUCTION monitoring of diseases affecting IOP such as uveitis and glau-

coma."? Alongside the clinical signs associated with these
Assessment of intraocular pressure (IOP) using tonometry disease entities, tonometry is needed in assessing patients with
is an essential part of a complete ophthalmic examination in orbital trauma, blunt force trauma to the globe, lens luxation,
horses. Tonometry allows differentiation, diagnostics, and suspected decrease in visual function, or blindness.>”
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Manometry is the most accurate way to record IOP, but it is
invasive and not feasible in clinical settings.1 Indirect tonom-
etry is a noninvasive method of evaluating IOP by measuring
corneal tension.! Both applanation and rebound tonometry
have been validated in horses, and light hand-held devices
are commercially available.®® Repeatability plays a major
role in accurate interpretation of IOP results when evaluating
response to treatment. Previously published reference ranges
for IOP in healthy horses are device-specific, and thus, con-
sistency in device used is strongly recommended when mon-
itoring clinical cases.'>7*10 Tonovet® rebound tonometer
(Icare Finland) has been shown to provide accurate results
with low interobserver variability in both human and animal
patients,“'13 while Tono-Pen® applanation tonometer is more
prone to inaccuracy due to incorrect technique.12 A recent
study showed significantly lower inter-user and intra-user
variation in unsedated horses and lower intra-user variation
in sedated horses with Tonovet® than with Tono-Pen®.'* In
dogs and cats, Tono-Pen® has been found to provide accurate
readings in the physiological range of IOP, but has a tendency
to underestimate IOP in the high range and to overestimate
IOP in the low rangc:.lz’15 On the other hand, Tonovet® has
shown accuracy outside the physiological range, particularly
in the high IOP range.'?

Rebound tonometry is a noninvasive and clinically appli-
cable method in which the hand-held tonometer device pro-
pels a small probe with a round plastic tip to bounce from
the surface tension of the cornea and evaluates IOP by the
velocity with which the probe bounces back.® Six successful
probe-cornea contacts are needed for obtaining one reading.
The device automatically discards the highest and the low-
est values and calculates the result from the four remaining
values using calibration curves set in the software by the
manufacturer. Rebound tonometry does not require topical
anesthesia and the device is very light, making it an excellent
tool in equine ophthalmology, including ambulatory equine
practice.®

Recently, an updated model of Tonovet® rebound tonome-
ter has been introduced to the market. The new Tonovet Plus®
utilizes similar principles of rebound tonometry as the previ-
ous model, but offers improved ease of use with automated
sensors ensuring that suitable distance from the cornea and
correct plane and position of the device are achieved prior to
obtaining readings. The device gives simple indicative mes-
sages on a color screen instead of the error codes featured in
Tonovet®. It also allows the examiner to obtain the six mea-
surements needed for one reading with a single press of the
measure button, thus speeding up the measurement process.
The software in both Tonovet® and Tonovet Plus® has a cali-
bration setting for horses.

To the authors' knowledge, no published studies on the
use of Tonovet Plus® in horses are available to date. A single
study performed in rabbits states the accuracy of Tonovet®
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Plus to be improved compared with Tonovet®.'® In addition,
a recent study compared the two devices in healthy dogs
and found 4.2 mm Hg higher average readings with Tonovet
Plus® than with Tonovet®."” The objectives of this study were
to obtain a reference range for evaluation of IOP in horses
using Tonovet Plus®, to compare the IOP readings obtained
with Tonovet® and Tonovet Plus®, and to evaluate the repeat-
ability of readings.

2 | MATERIALS AND METHODS
The study protocol was approved by the Viikki Campus
Research Ethics Committee in accordance with legislation
concerning animal welfare and research. The animals studied
were examined with permission of the owners.

The sample size needed was calculated with Sealed
Envelope™ calculator, setting significance level at 5% and
power at 90%. Thirty-two privately owned horses with no
signs of illness were examined in their normal stable sur-
roundings with minimal restraint, reducing stress related to
the examination and, thus, diminishing the effect of anxiety
on IOP."* No sedatives, local anesthetic blocks, or topical oc-
ular anesthesia were used. Two of the horses did not tolerate
handling of the head without apparent stress and misbehavior
and were thus discarded from the study. A complete ophthal-
mic examination was performed by a board-certified oph-
thalmologist (EP) using biomicroscopy (Kowa SL-15, Kowa
Company Ltd.) and direct ophthalmoscopy (Heine Beta 200
ophthalmoscope, HEINE Optotechnik GmbH & Co. KG).
None of the 30 horses had findings consistent with active oc-
ular disease or other ocular abnormalities potentially affect-
ing the results, and thus were included in the study. Incidental
findings interpreted as insignificant regarding the tonometry
readings consisted of the following lesions: congenital focal
pigment spot in anterior lens capsule (n = 3), minor periph-
eral corneal scar (n = 2), minor cystic changes in corpora
nigra (n = 2), minimal lens opacities (n = 2), “bullet hole”
chorioretinal lesions (n = 2), and focal iris naevi (n = 1).

The IOP was evaluated with both Tonovet® (Icare Finland
Oy) and Tonovet Plus® (Icare Finland Oy) tonometers from
both eyes in all enrolled horses. The order of performing
measurements between the left and right eye and the order
of operating the devices were randomly assigned with Latin
square design. The head of the horse was maintained in an
upright position above heart level for two minutes prior to
measurement, avoiding the potential effects of posture on
j(0) During the measurement, the upper eyelid was held
gently open to avoid interference with the ciliae, unless the
horse spontaneously had the eyelids wide open without blink-
ing. Care was taken to avoid digital pressure on the globe and
the resulting IOP-elevating effect of eyelid manipulation.19 A
minimum interval of five minutes was maintained between
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operating the two devices to minimize any tonographic effect
on the results described after repeated rebound tonornetry.20
Three consistent IOP readings were recorded in each eye with
each tonometer using the species-specific calibration setting
for horses. Results showing the display sign of great standard
deviation were discarded in accordance with the manufac-
turer instruction manual, and the measurement was repeated.
The disposable probe was replaced between every horse and
change of device, and within measurements when such was
indicated by a device error message. All measurements were
performed by a single observer (MM) and were taken be-
tween 9 aM and 3 ™.

The repeatability of each tonometer was assessed by cal-
culating the average of the coefficient of variation (CV) for
the triplicate results. For other statistical analyses, triplicate
measurements were averaged for each eye and device. Mean
values (£SD [+CV]) were calculated. The measurements
from the devices were compared using a Bland-Altman plot.
The method differences were plotted against the means of
both methods, and the line of equality and 95% confidence
intervals for the limits of agreement were calculated. The
correlation coefficient was calculated, and the measurement
results were plotted in a scatter diagram. A simple linear re-
gression was calculated to predict IOP based on age for each
device separately. The paired sample ¢ test was used to assess
differences between the measurements of the Tonovet® and
Tonovet Plus® devices. The Mann-Whitney U test was used
to evaluate differences between the right and left eye mea-
surements. Normal distribution of the differences between

the devices was assessed using the Shapiro-Wilk test. A P-
value <0.05 was considered significant in all tests. Also, ref-
erence interval calculations were performed for both devices
using the CLSI robust method (n = 60). The Bland-Altman,
reference interval calculations, and scatter diagram were
performed using MedCalc (v. 19.1. MedCalc software). All
other tests were done using IBM SPSS Statistics (v. 25, IBM
Corp).

3

| RESULTS

Of the 30 horses included in the study, 26 were warm-
blooded and 4 cold-blooded breeds. Nineteen were geldings
and 11 mares. The median age of the horses was 10 (range
6-17) years. Data for the difference between the devices were
normally distributed (P = .774, Shapiro-Wilk; Figure 1).
The average CV was 4.6% and 4.4% for the Tonovet® and
Tonovet Plus® devices, respectively.

The correlation coefficient for the averaged trip-
licate measurements was 0.73 (Clgsq, 0.58-0.82). The
agreement between the two devices is demonstrated
in Figure 2. There was a negligible statistical differ-
ence between the readings obtained with Tonovet®
(mean = 21.0 + 3.14 mmHg [CV =+ 15.0%]) and Tonovet
Plus® (mean = 21.6 + 2.45 mmHg [CV + 11.3%]) devices
using the paired sample t test (#(59) = —2.01, P = .049).
When the results were analyzed with Wilcoxon signed-rank
test, separating the readings from the right and left eye, a
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TABLE 1 Intraocular pressure readings (mmHg) obtained with Tonovet® and Tonovet Plus® rebound tonometers (n = 60 eyes total)
Tonovet® Median (min to Tonovet Plus® edian (min Tonovet® Tonovet Plus® P-
Eye max) to max) Men + SD Mean + SD value”
Right eye 20.3 (15.3-30.0) 21.0 (17.0-26.7) 20.7 +3.1 214+24 .057
Left eye 22.0 (16.0-29.3) 21.3 (17.7-27.7) 21.7+£32 21.7+2.5 .346

*Wilcoxon signed-rank test, P < .05.

TABLE 2 Calculated reference intervals (mmHg) for Tonovet®

and Tonovet Plus® rebound tonometers using the CLSI robust method
Lower limit (90%
Device CI)

14.4 (13.3-15.7)
16.0 (15.2-17.1)

Upper limit
(90% CI)

27.2 (25.9-28.4)
26.1 (25.1-27.1)

Tonovet®

Tonovet Plus®

statistical difference was no longer observed (Table 1). No
significant difference existed between measurements from
the right and left eyes for either Tonovet® (P = .233) or
Tonovet Plus® (P = .656) device (Mann-Whitney U test).
Calculated reference intervals for both tonometers are pre-
sented in Table 2. IOP was not associated with age with
either device according to linear regression (Tonovet®
P = 347 (F(1,28) = 0.914, R* = .032); Tonovet Plus®
P = .655 (F(1,28) = 0.204, R* = .007)).

4 | DISCUSSION

Proper evaluation and care of an ophthalmic patient neces-
sitate the ability to interpret IOP readings correctly. Previous
studies have demonstrated variation in tonometrically

evaluated normal IOP range values in horses and in other ani-
mals, and thus, it is mandatory for the clinician to consider
the information available for the device used.®™!321-*

In this study, the readings between the two devices differed
significantly when all 60 eyes were evaluated as a whole, but
significance was no longer observed when readings between
the devices were evaluated by analyzing the right eyes and the
left eyes separately, and a strong linear relationship (R = .73)
of the readings between the two devices was found. Although
statistically significant, the difference was very small, with
Tonovet Plus® presenting on average 0.6 mmHg higher read-
ings than Tonovet®. Only healthy horses were enrolled in this
study, and thus, the overall variation of readings was not great.
Very small numerical changes resulted in differences that are
statistically significant, although clinically irrelevant. An av-
erage difference of 0.6 mmHg is not likely to have much clin-
ical significance in patient care, as slight inherent variability
can never be completely eliminated. Repeated IOP readings
tend to differ by 2-3 mmHg or more in humans even when the
gold standard method of tonometry is used.” In our data, the
average CV of repeated readings was considered very good
for both devices. The tonographic effect of repeated rebound
tonometry in equids is unknown and can possibly influence
the results. This effect has earlier been detected in mice, but

not in children.?*2
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The mean readings of 21.0 + 3.14 mmHg (CV + 15.0%)
obtained with Tonovet® were only slightly lower than read-
ings reported by Knollinger et al® of 22.1 + 5.9 mmHg
(CV = 26.7%) in horses without sedation or auriculopal-
pebral (AP) block, and somewhat lower than readings re-
ported by Holve et al’ of 24.3 + 3.09 mmHg (CV =+ 12.7%)
and Lewin et al' of 25.4 + 7 mmHg (CV + 27.6%) in
horses without sedation but with AP block. The mean
readings of 21.6 + 2.45 mmHg (CV + 11.3%) obtained
with Tonovet Plus® were very close to those reported by
Knollinger et al.®

Intraocular pressure is known to be lower in infants than
in adults and to decrease again with age in humans, dogs,
cats, and lions.>* A recent study suggested that IOP may
decrease with age also in miniature donkeys.22 Newborn
foals have been reported to have IOP readings similar to adult
horses.?”*® While in this study, IOP was not found to be as-
sociated with age, all of the horses were adults and only two
were older than 15 years (data not shown). A larger number
of individuals with a wider age range is needed to further
evaluate the relationship between age and IOP in horses. The
low number of horses and the lack of individuals with abnor-
mal IOP were the major limitations of this study. Future stud-
ies are needed to evaluate the function of rebound tonometers
in horses in the lower and higher ranges of IOP, as in uveitis
and glaucoma.

A previous study in dogs indicates substantial under- and
overestimation of IOP with rebound tonometer in patients
with corneal pathology. At the same time, this study de-
scribes the small diameter of the rebound tonometer probe
to enable avoiding suspected falsification of IOP readings
caused by focal corneal abnormalities by simply targeting an
area of normal cornea.”> A similar benefit of this property of
rebound tonometry has been described in human patic:nts.29
Keeping in mind that misalignment of the rebound tonome-
ter probe will affect the IOP 1readings,23’30 we included two
patients with one eye each having a minor peripheral scar
in the study, as these lesions were not located in the central
part targeted when performing the tonometry. The IOP read-
ings between the two eyes in both of these horses were very
symmetrical with both tonometers used, and thus, the minor
peripheral corneal scars were considered unlikely to have im-
pacted the readings.

The amplitude of the IOP circadian rhythm in the horse
has been found to be approximately 4-5 mmHg, with IOP
peaking at the end of the light phase of the daly.31 In this
study, the IOP readings were performed between 9 am and
3 pMm. The horses were living in normal stable surroundings
with large windows allowing access of outdoor light. During
the time of performing this study, the sun rose at approxi-
mately 4 am and set at approximately 11 pm. Considering the
previously stated amplitude of variation®! and the fact that
the readings were obtained over a 6-hour period during the

light phase of the day, circadian rhythm probably had little
influence on the results.

In this study, we chose to perform tonometry without the
use of any pharmacological agents, thus avoiding their poten-
tial effects on the readings and aiming to describe the read-
ings in healthy eyes in circumstances as natural as possible.
Often cooperative horses without any ocular pain allow the
clinician to obtain readings without the use of sedation or
AP block. It has been initially suggested that AP block could
result in more reliable IOP readings in horses by minimiz-
ing tension on the globe caused by the eyelids.7’32 However,
more recent studies have repeatedly found AP block to cause
no significant effect on the results or have observed a negli-
gible statistical difference assumed to have no clinical rel-
evance, %2233 Nevertheless, in an unsedated horse, holding
the upper eyelid open to avoid tonometer probe contact with
the eyelid cilia is often required. Careless eyelid manipula-
tion has been established to influence the IOP readings, and
thus, care should be taken when handling the eyelid.'’ Some
individuals tolerate even gentle eyelid manipulation poorly,
and the attempts of the horse to squint will cause a similar ef-
fect on the IOP. Also, the pull with the strong retractor bulbi
muscle in horses may cause a significant transient increase in
IOP. These effects are marked in a horse with a painful eye,
and in these cases, the use of AP block is recommended. >3
On the other hand, not all individuals allow performing the
AP block without sedation. Sedation efficiently eases the
handling, as it minimizes the head movements and relaxes
the patient, decreasing reactivity to eyelid manipulation, but
several sedatives have a strong effect on IOP. Acepromazine,
detomidine, romifidine, and xylazine have all been shown to
decrease IOP significantly, and this should be taken into ac-
count in clinical cases.”!*37 Sedation also relaxes the horse
and results in lowering of the head. Lowering of the head
below heart level has been reported to significantly increase
the IOP readings in 87% of horses, and thus, supporting the
head is necessary when performing tonometry on a sedated
horse.'®

The position and attitude of the horse were taken into
consideration while performing tonometry in this study.
Although it was a priority to make the handling and exam-
ination as comfortable as possible, the surroundings and be-
havior of the horses were impossible to control completely.
Thus, demeanor, alertness, and attitude most likely had some
impact on IOP readings at different time points. It has been
previously noted that physiological variables, such as blood
pressure, pulse, respiration, and anxiety, can cause major
changes in IOP over short periods and can at least be partially
diminished with sedation."® The variation in readings caused
by changes in the alertness and attitude of the animal could
have been minimized by an acclimation period, during which
the horses would have become adapted to rebound tonometry
using positive reinforcement as described by Von Zup et al.*®
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In dogs, misalignment of the rebound tonometer during
measurement has been found to result in underestimation of
IOP.*** The equine cornea is larger, and thus, central place-
ment is easy to achieve, but in an unsedated horse, the height of
the patient relative to the height of the examiner can occasion-
ally pose challenges and lead to misalignment of the device.
While performing this study, Tonovet Plus® was subjectively
easier than Tonovet® for obtaining accurate readings in unse-
dated horses without AP block, as the improved features for
guiding the device position and measuring with a single button
press facilitated a faster procedure. Right-handedness appears to
make the IOP measurement more difficult on the left eye, pre-
sumably due to the position of the left hand holding the eyelids
open in relation to the equine head conformation. This could ex-
plain the difference between mean and median readings of the
right and left eye, observed especially while using Tonovet®. A
similar difference, albeit to a greater degree, was suspected to
be examiner-related in a previous report of Tonovet® in cattle,
sheep, and goats.39

In conclusion, Tonovet Plus® is an updated model of
Tonovet® with some new features aimed at increasing com-
fort during use. The difference in readings between the two
devices is not likely to be significant in a clinical setting.
Nevertheless, in order to avoid false interpretation of re-
sults, the device used should always be taken into consid-
eration and a similar device preferred when monitoring
the disease process or treatment response in an individual
patient.
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