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Intraocular pressure (IOP) of canine patients may be altered by multiple reasons, including 
physiological factors, several drugs, and ocular and systemic pathologies, as well as the 
elements in the tonometry procedure itself. One of the suggested constituents affecting IOP 
in dogs during a veterinary visit is the stress factor of the unfamiliar situation.  
The objective of this final thesis is to measure IOP in dogs before and after a stressful event 
in order to determine, whether the stress could significantly alter the tonometry readings 
and thus affect the clinical decision making, and to aid in choosing the suitable timing for 
tonometry procedure during the veterinary visit. IOP of 44 clinically healthy dogs was 
measured before and after a routine vaccination procedure.  
The mean IOP after the vaccination was lower than the mean IOP before the procedure. 
The mean difference in IOP was 1.5 mmHg as the arithmetical means of both eyes (OU) 
were compared. However, the difference is not statistically significant (p = 0.398), which 
suggests that the stress associated with this procedure does not significantly alter the 
intraocular pressure in dogs and that the tonometry results are equally reliable before and 
after the procedure. Yet, it should be considered, that it is challenging to isolate stress as a 
single contributing factor to IOP, as several other factors may affect IOP simultaneously.  
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Kaitsmiskoht ja -aasta: Tartu 2022 

Koerte silmasisest rõhku (IOP) võivad muuta mitmed tegurid, sealhulgas füsioloogilised, 
mitmed ravimid ning silma- ja süsteemsed patoloogiad, aga ka rõhumõõtmise protseduuri 
elemendid. Üks oletatavatest teguritest, mis mõjutab koerte silma siserõhku 
veterinaarvisiidi ajal, on stress seoses võõra olukorraga. 
Selle lõputöö eesmärk on mõõta koerte silmasisest rõhku enne ja pärast stressi põhjustavat 
olukorda, et teha kindlaks, kas stress võib olulisel määral muuta tonomeetria näitu ja seega 
mõjutada kliinilist otsust, ning valida tonomeetria protseduuri jaoks sobivat ajastust 
veterinaarvisiidi ajal. 44 kliiniliselt tervel koeral mõõdeti silma siserõhku enne ja pärast 
rutiinset vaktsineerimise protseduuri. 
Keskmine IOP pärast vaktsineerimist oli madalam kui keskmine IOP enne protseduuri. Kui 
võrreldi mõlema silma (OU) aritmeetilisi keskmisi, oli silmasisese rõhu keskmine erinevus 
1.5 mmHg. Erinevus ei ole aga statistiliselt oluline (p = 0.398), mis viitab sellele, et stress 
seoses  antud protseduuriga ei muuda koertel oluliselt silma siserõhku ja et tonomeetria 
tulemused on võrdselt usaldusväärsed nii enne kui pärast protseduuri. Siiski tuleb 
arvestada, et stressi kui ühe IOP-i mõjutavat teguri eraldamine on keeruline, kuna mitu 
muud tegurit võivad samaaegselt mõjutada silma siserõhku. 

Märksõnad: Tagasilöögi tonomeetria, silmasisene rõhk, stress 
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LIST OF ABBREVIATIONS  
 

CCT = central corneal thickness  

IOP = intraocular pressure   

IAP = intra-abdominal pressure  

OD = oculus dexter, right eye  

OS = oculus sinister, left eye   

OU = oculus uterque, both eyes  

NSAID = non-steroidal anti-inflammatory drug  

T1 = time point before vaccination procedure and clinical examination   

T2 = time point after vaccination procedure and clinical examination   
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INTRODUCTION  
 

Intraocular pressure (IOP) measurement is a basic method in an ophthalmological examination, 

and it can be used to detect both chronic and acute diseases. Even though in most cases an abnormal 

IOP is caused by ocular disorders, it can also be caused by underlying systemic diseases. Thus, 

measuring IOP has a high diagnostic value in veterinary medicine. The everyday veterinary 

practice relies on an indirect, non-invasive method of measuring IOP, tonometry. There are various 

types of tonometers available for et al., 2018).  

In addition to pathologies, several other factors cause fluctuations in IOP in dogs. These factors 

include for example restraint, diurnal variation, and pharmaceuticals (Mughannam et al., 2004; 

Kovalcuka et al., 2017). As IOP is maintained by the production and outflow of the aqueous humor 

within the eye, certain drugs affecting these processes influence IOP (Jang et al., 2021). 

Furthermore, any factor influencing the inflow or outflow of blood to the eye may lead to changes 

in IOP (Almeida et al., 2004).  

Exposure to a new environment, such as a veterinary clinic, commonly causes psychogenic stress 

in domesticated animals, including dogs. During a stressful situation, adrenalin is released in the 

body, which increases heart rate and respiratory rate (Juodzente et al., 2018). Also, the blood 

pressure of the dog rises at the clinic environment, compared to blood pressure levels at home 

(Bragg et al., 2015). Studies both in dogs and humans have recorded higher IOP in the first eye 

which was measured during an ophthalmological examination, and anxiety and stress of the 

subjects were introduced to be possible affecting factors (Pekmezci et al., et al., 2021). 

The theory in these studies was that as the procedure becomes more familiar, the stress relieves, 

which leads to a decrease in IOP.  

This thesis focuses on studying the effect of stress on IOP during a routine vaccination visit at the 

veterinary clinic. The objective is to determine, whether the stress factor could change IOP of dogs 

in clinically significant amounts that could affect the decision-making in everyday diagnostics and 

if so, what would be the best time to obtain reliable tonometry results during the veterinary visit.   
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1. LITERATURE REVIEW

1.1  Physiological control of intraocular pressure 

IOP is the pressure, that is exerted against the fibrous tunic by the components of the eye (Jang et 

al., 2021). Factors determining IOP include aqueous and vitreous humor volume, choroidal blood 

volume, scleral compliance, the tone of the extraocular muscles and any possible external pressure 

(Almeida et al., 2004). 

Steady state of IOP is maintained by a balance of constant production and drainage of aqueous 

humor in the posterior and anterior chamber of the eye (Renwick, 2014). Intraocular fluid 

production and outflow are regulated by central nervous system (Jang et al., 2021). Aqueous 

humor is produced by the ciliary body by both active secretion and ultrafiltration. Aqueous humor 

then moves through pupil to the anterior chamber, and in dogs, most of it is drained via structures 

of iris root, corneoscleral tissue and the base of the ciliary body. This area of drainage is often 

called filtration angle or drainage angle (Renwick, 2014). Drainage angle can be affected by 

dilation of the pupil and choroidal blood volume. Factors affecting the choroidal blood volume 

include many extra- and intraocular components, such as vasomotor tone changes, recumbency or 

pressure on jugular vein. Vasodilation leads to larger blood volume in choroid, which decreases 

the aqueous outflow and increases the IOP (Pierce-Tomlin et al., 2020). Aqueous humor is forced 

to leave the eye by pressure gradient. In normal condition, this pressure gradient is equal to IOP 

subtracted the episcleral venous pressure (Almeida et al., 2004). 

Normal IOP in canine patients falls between 15-25 mmHg (Featherstone and Heinrich, 2021). 

Especially in case of unilateral ocular disease, a comparison between IOP results of right and left 

eye is important, and the difference between left and right eye IOP should not be more than 8 

et al., 2021). 

1.2  Factors affecting intraocular pressure and tonometry results 

1.2.1 Internal factors 
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Limits for normal IOP vary between different species, but no difference between dog breeds is 

reported. Also, no there is no difference between sexes (Mughannam et al., 2014).   

It is possible to detect diurnal variation in IOP, values commonly being higher in the morning than 

in the evening (Mughannam et al., 2014). In a study by Giannetto et al. (2009) was discovered that 

in 12 beagle dogs IOP exhibited a diurnal peak, with the highest IOP readings at midday. In another 

study, conducted by Martin-Suarez et al. (2014), no significant difference between IOP readings 

from 8 am to 3:30pm were detected, but the readings taken after 3:30 pm the IOP were significantly 

lower. The difference between the highest and the lowest IOP during the day can reach up to 8 

mmHg. Martin-Suarez et al. (2014) suggests that IOP measurement results should be interpreted, 

both in diagnostics and monitoring, keeping in mind the possibility of IOP change due to the 

cicardian rhythm rather than a real change in IOP.  

As animal ages, IOP has been reported to decrease (Renwick, 2014). However, a study by 

Mughannam et al. (2004) with Labrador Retrievers showed that the normal limits of IOP are same 

in adult dogs and puppies. IOP of dogs was measured at the age of six weeks and again at the age 

of one year, and the difference was not statistically significant, even though it was marginally 

higher in one year of age. However, it is not possible to rule out that there exists a relationship 

between expansion of the globe during maturation and IOP. During the first few weeks after birth, 

IOP values increase significantly in puppies. This should be taken into account when interpreting 

IOP values of neonatal dogs (Verboven et al., 2014).  

IOP can be altered by factors influencing the blood flow into or out from the eye. Intraocular 

vascular tonus creates variations in intraocular blood flow. Central venous pressure fluctuations 

cause changes in intraocular vessels diameter and thus in venous outflow and drainage of 

intraocular fluid, which leads to changes also in IOP (Almeida et al., 2004). Partial pressure of 

carbon dioxide in arteries influences intraocular vascular tonus, which may influence the 

retrobulbar and choroidal blood volumes. In case of hypoventilation, the venous blood pressure 

increases, causes choroidal vasodilation and leads to elevation of IOP. Respiratory alkalosis has a 

decreasing effect on IOP, due to decreased choroidal blood volume, decreased blood circulation 

to ciliary body, decreased aqueous humor filtration and carbonic anhydrase inhibition (Almeida et 

al., 2004). 
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Arterial blood pressure changes do not have a significant effect on IOP, but elevations in systolic 

arterial pressure may lead to temporary alterations in IOP. Elevated systolic arterial pressure leads 

to increase in choroidal blood volume and ciliary arteries (Almeida et al., 2004). 

IOP increases, as intra-abdominal pressure (IAP) increases. A possible contributing factor for this 

phenomenon might be that increased IAP could lead to decrease in cerebral venous outflow, since 

venous pressure is increased in the abdominal and thoracic cavities, which causes elevation in IOP 

measurements (Jang et al., 2021).  

Alterations in pupil size also have a potential to alter IOP. Miosis increases aqueous humor 

drainage, which reduces IOP, but mydriasis narrows the iridocorneal angle and may lead to 

elevation of IOP (Gomez-Martinez et al., 2019). 

 

1.2.2 External factors  
 

IOP increases due to external compression of eye, such as pressure directed on the orbicularis 

muscle of the eye or contraction of the extraocular muscles. During ocular surgery, eyelid 

retractors and fixation sutures might cause temporarily increased IOP (Almeida et al., 2004).  

Ideally, minimal restraint of the animal should be used during IOP measurement, and head should 

be in a horizontal position (Heinrich, 2014). It is important not to restrain the animal too tightly 

from the neck, since compression of the jugular vein leads to increased IOP. Too tight grip around 

the neck area can lead to the rise of IOP to around 30 mmHg, but the pressure promptly reduces 

back to normal when the grip is loosened (Renwick, 2014). Increased IOP due to pressure on 

jugular vein due to restraint or too tight collar is especially seen in brachycephalic dogs 

(Featherstone and Heinrich, 2021). A study by Pauli et al., (2006) demonstrated, that IOP increases 

significantly when a collar is applying pressure to neck area, but a harness did not have a similar 

effect. 

Attention should be paid on how the eye is held open during the tonometry procedure. Pressing 

the globe when holding the eyelids open can cause an increase in the pressure, especially in 

brachycephalic breeds. Also, excessive manual stretching of the eyelids should be avoided for the 
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same reason. Best way to hold the eye open is by gently pressing the eyelids with fingers placed 

on the bony orbital rim (Renwick, 2014).  

Different measurement instrumentation can have an influence on IOP, for example in Schiøtz 

readings of IOP (Renwick, 2014). Changes in head posture affect the hydrostatic factors, and 

especially when head is positioned above the horizontal level, they might affect venous pressure 

and IOP (Almeida et al., 2004). In a study by Almeida et al. (2004) was detected, that during 

sevoflurane anesthesia in dogs with left lateral recumbency, there was statistically significant 

increase in IOP in the left eye but not in the right eye. It was concluded, that compression to left 

eye and its extraocular musculature together with hydrostatic changes in the eye due to lateral 

recumbency might have affected the results. Postural alterations affect also on central venous 

pressure which further effects intraocular volume and drainage of aqueous humor (Almeida et al., 

2004). 

 

1.2.3 Corneal characteristics and intraocular pressure 
 

IOP results are affected by corneal characteristics (Von Spiessen et al., 2015). Central corneal 

thickness (CCT) and corneal rigidity can affect the tonometry readings, with bigger alteration with 

rebound tonometer than with applanation tonometers (Ahn et al., 2012). Ocular rigidity is caused 

by the resistance of the fibrous tunics, cornea and sclera, to fluctuations in intraocular volume. For 

example, cornea of dogs and cats cause less resistance in indentation tonometry, since they have 

higher scleral elasticity than humans. (Featherstone and Heinrich, 2021).  

A study conducted by Park et al. (2011) showed that as CCT is elevated 100 µm, IOP is increased 

by 1 mmHg in applanation tonometry (TonoPen XL®) and by 2 mmHg in rebound tonometry 

(TonoVet®).  For example, dogs that have undergone corneal reparative surgery for perforated 

keratitis or severe ulceration, or individuals with chronic ocular disease, might have altered CCT 

(Kato, 2014). As cornea is thickened, the rebound motion of the probe in rebound tonometer is 

increased, which decreases the deceleration of the probe. On thickened cornea, more pressure is 

required to flatten the cornea in applanation tonometry, which leads to increase in IOP estimate in 
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eyes with higher CCT. CCT results should also be taken into account when IOP results are 

interpreted, since CCT is positively correlated with IOP results (Park et al., 2011). However, a 

study by Kato (2014) showed that CCT did not significantly affect IOP results obtained with 

applanation tonometry in a study group consisting of both healthy dogs and dogs with ocular 

disease.  

In addition to CCT, other corneal surface conditions, such as precorneal tear film and the corneal 

curvature are likely to have effect on the IOP results in indentation tonometry and applanation 

tonometry methods (Park et al., 2011). It is important to keep in mind that corneal pathologies can 

lead to over- or underestimation of IOP, depending on the type and degree of the corneal pathology 

(Von Spiessen, 2015). For example, corneal surgeries that will lead either to increase or decrease 

in CCT can pose a challenge for accurate IOP measurement later in life (Martin-Suarez et al., 

2014). Also, pathologies of the iridocorneal angle significantly affect the IOP in dogs (Gomez-

Martinez et al., 2019). 

1.2.4.  Stress and intraocular pressure 

et al. (2021) had purpose to determine, whether the order of IOP measurement 

affects the results depending on which eye is measured first in healthy dogs. First eye in which 

IOP was measured was chosen randomly, and after measurement of first eye the fellow eye, and 

again the first eye IOP were measured. The dogs were let to rest for 15 minutes, and the 

measurements were repeated in reverse order. The results showed that IOP in the first eye 

measured was higher than in the other eye, no matter which eye was measured first. There was 

also a statistically significant yet small decrease between the first and second time the measurement 

was repeated in the same eye. These findings may not be clinically relevant, since average 

difference between eyes was only 2 mmHg. On the other hand, there were some individuals in 

which the difference exceeded 30% between readings, which may already affect the clinical 

et al., 2021). 

Similar findings have been reported in humans, with IOP in the first eye measured significantly 

higher than in the second eye measured. Also, IOP results decreased between the first and second 
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visit to the ophthalmologist. Anxiety and stress were pointed out to be plausible explanations for 

these findings (Pekmezci et al., 2011). Also, the fact that the group of patients, that underwent a 

sham tonometry procedure before the actual measurements, had 2mmHg lower IOP measurements 

than the patients without sham tonometry, supports this explanation. In humans, also attempt to 

squeeze the eye closed during the IOP measurement procedure has been shown to increase IOP 

results. Ocular squeezing occurred more frequently during earlier than later sets of tonometry. 

Findings suggest that unfamiliarity to the tonometry procedure leads to higher IOP results. It is 

also known, that breath-holding and eccentric or upward gazing have an elevating effect in IOP. 

All these aforementioned behavior patterns may arise in stressful situation and thus elevate IOP 

results (Pekmezci et al., 2011).  

In rabbits, in which the IOP was measured always first in the right eye, a similar phenomenon was 

pointed out, as the mean IOP result was significantly higher in the right eye than in the left eye 

(Wang et al., 2013). Similar results of these studies with dogs, humans and rabbits might be related 

et al., 2021). In humans 

levels in clinical setting. Despite incomplete understanding of the pathophysiology of this 

syndrome, psychological factors such as anxiety and stress are the proposed etiology (Nuredini et 

al., 2020). Results from a study by Mendez-Ulrich et al. (2018) suggest common mechanism 

behind anxiogenic variability in both heart rate and IOP in humans, and it appears that reduction 

of parasympathetic activity is behind this phenomenon. 

 

1.2.5 Pharmaceuticals  
 

Drugs with effect on aqueous humor production and outflow rates, and drugs that have 

parasympathetic or sympathetic effect on the extraocular muscle tone, can affect IOP (Jang et al., 

2021). Also, pharmaceuticals causing alterations in intraocular blood volume or vascular 

resistance, lead to changes in IOP measurements (Almeida et al., 2004). It is crucial, that effect of 

drugs to IOP is taken into account, when composing an anesthetic protocol for ophthalmic 

examination or surgery (Gomez-Martinez et al., 2019). 
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Topical mydriatics can significantly increase IOP in canine patients (Kovalcuka et al., 2017). Thus, 

tonometry should be performed before applying any topical mydriatics (Featherstone and 

Heinrich, 2021). These eyedrops include active ingredients such as tropicamide, phenylephrine 

hydrochloride or atropine sulphate, which are used in canine patients for dilating the pupil before 

examination of the posterior segment of the eye (Kovalcuka et al., 2017). The most likely 

explanation behind this is decreased aqueous outflow due to change in iridocorneal angle, as the 

pupil dilates (Pierce-Tomlin et al., 2020). This is important to keep in mind when planning the 

order of ophthalmological examination, and in patients with breed predisposition to glaucoma or 

animals with dysplastic changes in iridocorneal angle (Kovalcuka et al., 2017).   

Topical non-steroidal anti-inflammatory drugs (NSAID) are used for example perioperatively to 

reduce inflammation and prevent miosis in cataract surgery. Topical NSAIDs flurbiprofen and 

bromfenac may result in ocular hypertension postoperatively (Lu et al., 2017). Another topical 

NSAID, diclofenac, did not significantly increase IOP in healthy Beagles in a recent study by 

Martabano et.al (2020). 

The effect of different anesthetic drugs to IOP has been studied widely for over 40 years (Pierce-

Tomlin et al., 2020). If animal is sedated or anesthetized, the IOP can be altered (Heinrich, 2014). 

The effect of anesthetics to IOP is important factor to be taken into account during intraocular 

surgeries, since excessive changes in IOP can negatively affect the outcome of the surgery and 

lead to complications during postoperative period (Almeida et al., 2004).  

Out of most common drugs used for premedication, midazolam and diazepam have shown to have 

no effect on IOP (Hofmeister et al., 2006; Gunderson et al., 2013). Acepromazine has been shown 

to increase IOP in study by Micieli et al. (2018), but caused no changes in IOP in another study 

(Mrazova et al., 2018). Medetomidine and dexmedetomidine have been shown to have no effect 

on IOP in multiple studies (Kanda et al., 2015; Micieli et al., 2018; Mrazova et al., 2018), but in 

a study by Norman et al. (2008) medetomidine administration caused decrease in IOP and in a 

study by Artigas et al. (2012) dexmedetomidine caused a decrease IOP in dogs. Decrease in IOP 

-adrenergic agonists is believed to be multifactorial, including attenuation of aqueous 

humor production due to suppression of noradrenalin release after the stimulation of presynaptic 

- -receptors. 

Medetomidine and dexmedetomidine also cause miosis, which also has a decreasing effect on IOP. 
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-adrenergic agonists are used in combination with opioids, the effect on IOP may be 

inconsistent (Gomez-Martinez et al., 2019).  

All the most used induction agents, alfaxalone, propofol and ketamine have been shown to increase 

IOP (Kovalcuka et al., 2013; Webb et al., 2018). The IOP increase due to ketamine administration 

could be attributed to its muscle tone increasing properties (Pierce-Tomlin et al., 2020). 

The effect of opioids to IOP, when given in isolation without other drugs, was described in the 

study by Mrazova et al. (2018). Fentanyl was found to have an increasing effect on IOP, whereas 

butorphanol had no effect on IOP in dogs. However, another study showed that also butorphanol 

has a potential to increase IOP (Douet et al., 2019; Gomez-Martinez et al., 2019). Opioids, 

especially fentanyl, can cause hypoventilation, which may elevate IOP (Gomez-Martinez et al., 

2019).  

In a study by Almeida et al. (2004), is stated that sevoflurane and desflurane anesthetic gases are 

safe to use in dogs during ophthalmic surgeries. In the study the IOP remained within normal limits 

in dogs during inhalation anesthesia, even though IOP elevated significantly from the initial values 

during use of desflurane. 

 

1.3 Tonometry  
 

The only way to accurately estimate IOP in clinic conditions is by tonometry. Manual assessment 

should not be used due to inaccuracy of the method (Heinrich, 2014). For example, use of digital 

pressure by pressing the eyes through closed eyelids does not provide accurate information about 

IOP (Plummer, 2020). There are available different types of tonometers for veterinary patients, 

which provide a noninvasive, reliable way to assess IOP. However, most forms of tonometry 

include pressing or touching the eye, which inevitably changes its biomechanical properties for 

the measuring moment for some extent. While tonometry, the measurement of corneal tension, is 

an indirect form of IOP measurement, a direct measurement method, manometry, remains the only 

method to obtain true IOP values. As manometry requires cannulation of the eye, it is limited for 

research purposes (Von Spiessen et al., 2015; Featherstone and Heinrich, 2021). Because 
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tonometry is a method to measure IOP indirectly through the cornea, there is always a possibility 

of errors in IOP values (Park et al., 2011). 

Ideally, a tonometer should be simple to use, atraumatic for the eyes and require minimal restraint 

of the animal for measuring. The results obtained by the ideal tonometer are accurate and 

repeatable. Thanks to wide variety of species in veterinary medicine, the tonometer should be 

usable in multiple species with different eye anatomy (Featherstone and Heinrich, 2021). 

There are three main tonometry methods used in clinical practice: indentation tonometry, 

applanation tonometry and rebound tonometry, which all function by measuring the bulbar tonus. 

Principles of indentation and applanation tonometry are based on Imbert-Flick law, which states 

that the external force (W) applied to spherical structure equals the pressure inside the spherical 

structure (Pt) multiplied by the area (A) that is flattened by the force. Rebound tonometry, on the 

other hand, relies on estimating the IOP by evaluating the kinematics of a probe that is 

electromagnetically shot against the cornea (Von Spiessen et al., 2015). 

A study carried out by Park et al. (2011) recorded a statistically significant difference between 

values measured with applanation tonometry and rebound tonometry in 60 beagle dogs. 

Applanation tonometer (TonoPen XL®) gave higher results than rebound tonometer (TonoVet®). 

There was a correlation between the IOP values obtained by the two types of tonometry (Park et 

al., 2011). 

The golden standard of tonometry in human medicine is Goldmann applanation tonometry. 

Unfortunately, this method can not be used in veterinary medicine, since it requires high level of 

co- et al., 2018). 

1.3.1 Indentation tonometry 

Indentation tonometry, utilizing a Schiøtz tonometer, works by indenting the corneal surface of 

the patient (Heinrich, 2014). In this tonometry technique, a known weight is applied to the corneal 

surface to create an indentation, which is recorded (Pierce-Tomlin et al., 2020). The tonometer has 

a small plunger, which is used for this purpose by carefully resting it on the corneal surface. The 

plunger connects to a scale, where the result can be read (Heinrich, 2014). The scale does not show 
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IOP result in mmHg, but on a scale from 1-20, from which it is converted into mmHg according 

et al., 2018). Measurement is repeated more than once to get 

an accurate reading (Heinrich, 2014). If IOP is more than 25 mmHg, the measurement should be 

repeated with the next additional weight (Cho, 2020). 

Advantages of Schiøtz tonometry include inexpensive maintenance and easy disinfection. This 

tonometry method also has good correlation of the results with manometry. However, it is difficult 

to use in young or lively patients, since obtaining accurate IOP results with this method requires 

the animal to hold the head still and the eyelids open for approximately 30-60 seconds 

et al., 2018). 

Schiøtz tonometer is an inexpensive equipment, but it is not commonly used in veterinary patients 

due to its disadvantages. It takes time to practice measuring in order to achieve reliable readings, 

especially in stressful and acute situations. Measurement with Schiøtz tonometer requires 

horizontal position of the eye and topical anesthesia (Heinrich, 2014). During the measurement 

procedure, the animal must be positioned so that the iris is parallel to the floor. This can be 

achieved in dorsal recumbency or in a sitting position with nose pointed upwards (Cho, 2020). The 

instrument has to be assembled and can be laborious to use. Schiøtz tonometer should not be used 

in dogs with extensive eye surface pathology, for example severely ulcerated cornea or granulation 

tissue formation (Heinrich, 2014). As the footplate of the tonometer is designed for human eyes, 

it might not ideally match the corneal curvature of all veterinary patients and may thus lead to 

inaccurate results. For the smallest veterinary patients, the 9mm diameter of the footplate is too 

wide. On the other hand, indentation tonometry is impractical in horse and other large species, 

since obtaining the optimal position of the eye for procedure would require general anesthesia 

(Featherstone and Heinrich, 2021). 

Despite its drawbacks, Schiøtz tonometry still has supporters thanks to the fact that it is 

inexpensive compared to the more recent tonometers. In human medicine, it has been replaced 

almost completely by applanation and non-contact methods of tonometry, such as 

pneumotonometry (Wrze et al., 2018). 
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1.3.2 Applanation tonometry  
 

In applanation tonometry, the force required to flatten a small area of cornea with the tonometer 

tip is converted to IOP result in mmHg. This method of tonometry is reported to be easy, and it 

can be used in many species, including dogs. It is possible to use applanation tonometer in animal 

with any position, but care must be taken to restrain the animal in a way that does not cause increase 

in IOP (Heinrich, 2014). The tonometer should be perpendicular to the eye, so that the tip is parallel 

to corneal surface during measurement procedure. The measurement is repeated several times 

(Cho, 2020). The most popular applanation tonometer in todays practice, Tono-Pen Vet®, 

calculates the mean value of three to six measurements and shows it in mmHg on the digital screen. 

This device possesses many advantages, such as small size, light weight and ease of storage and 

et al., 2018). 

Unfortunately, applanation tonometers tend to be relatively expensive. If they are used in incorrect 

or rough manner, they can damage the eye surface. Topical anesthetic has to be applied before use 

of applanation tonometer. To prevent spreading infectious microorganisms between patients, a 

clean disposable cover has to be used for the tip of the tonometer (Heinrich, 2014). Tono-Pen Vet® 

et al., 2018). 

 

1.3.3 Rebound tonometry  
 

Rebound tonometry measures IOP indirectly by detecting the deceleration of a probe after its 

impact on the cornea. The magnetized stainless-steel probe with rounded tip is launched from the 

tonometer towards the cornea, from where it returns back to the sleeve of the tonometer due to 

rebound effect. The higher the IOP, the faster the probe returns to its sleeve (Von Spiessen et al., 

2012). 

For measuring, the tonometer is held at a 4-8mm distance from the eye surface. Digital rebound 

tonometers, such as TonoVet®, gives the result in mmHg (Heinrich, 2014). TonoVet® gives 

accurate results, since it is calibrated specifically for use in dogs, unlike other tonometers, which 

are developed for use in human patients (Ahn et al., 2012). In a study by Görig et al. (2006) the 

IOP results obtained by TonoVet® showed a strong linear relationship with manometry results. 
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Recently introduced, new model TonoVet Plus® is recalibrated for dog, cats, rabbits and horses 

(Featherstone and Heinrich, 2021).  

Rebound tonometry is reported to pose the lowest risk for corneal damage, so it is a better option 

in brachycephalic breeds and in patients with corneal pathologies. Thanks to the gentle 

measurement technique, no topical anesthesia is required for the procedure (Heinrich, 2014). 

TonoVet® is highly tolerated and causes minimal stress in canine patients (Verboven et al., 2014). 

Rebound tonometry seems to be more valuable than applanation tonometry in measuring IOP of 

patients with ocular pathologies, such as glaucoma or corneal disorders (Von Spiessen et al., 

2015).  Thanks to the small diameter of the probe head, selective IOP measurement from the 

normal cornea areas in patients with focal corneal lesions is possible. Because the probe tips are 

disposable, they prevent cross-contamination between patients (Shim et al., 2021).  

Drawback of rebound tonometry is that it is difficult to use in recumbent patients, since the 

instrument has to be held in upright position with the probe horizontally (Heinrich, 2014). If 

manufacturer's instructions are not followed correctly, IOP measurements are not always reliable. 

For example, if the angulation of the probe is wrong during measurement, IOP may be 

underestimated. If the distance between the probe and cornea is too short, or the probe is directed 

towards peripheral cornea, IOP may be overestimated (Verboven et al., 2014). 

1.4 Tonometry as a diagnostic tool 

Mild elevation of IOP might not cause any visible clinical symptoms in dogs. This is why 

tonometry is a valuable diagnostic tool in early detection of abnormal IOP values that might 

indicate disease, as an early intervention can save the vision of the animal (Mughannam, 2004). 

Tonometry is also important in managing lenticular, corneal and vitreoretinal diseases and in 

postoperative control of ophthalmic surgeries (Giannetto et al., 2009). IOP measurement before, 

during and after ophthalmic procedure or surgery affects the success of the operation (Pierce-

Tomlin et al., 2020). The most important feature of tonometry as a diagnostic tool is the 

et al., 2018). 
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Rapid and excessive increase in IOP can lead to progressive optic nerve damage and thus severe 

complications with vision (Jang et al., 2021). Elevated IOP predisposes the eye for a risk of 

rupture, globe integrity and increased surgical trauma (Pierce-Tomlin et al., 2020). 

Patients, that exhibit corneal edema, dilated pupils or conjunctival hyperemia should always 

undergo tonometry to estimate IOP (Plummer, 2020). Also, history of lens luxation or glaucoma 

of the opposite eye are indications for tonometry (Featherstone and Heinrich, 2021). Increased IOP 

values indicate glaucoma, while decreased IOP values suggest uveitis. In many other causes of so-

gs, such as in conjunctivitis, keratitis and episcleritis, IOP typically remains 

et al., 2021).  

Tonometry has also diagnostic value in detecting systemic diseases, since some of these diseases 

have an impact on IOP. These systematic diseases include for example heart, kidney and parasitic 

et al., 2018). 

 

1.4.1 Glaucoma 
 

Tonometry is a fundamental method in diagnosing glaucoma and in monitoring the response to 

treatment (Renwick, 2014). It is recommended, that a same form of tonometry is used thorough 

the treatment and follow-up course of the glaucoma patient, since results from rebound tonometry 

and applanation tonometry can vary significantly as the IOP rises (Von Spiessen, 2015). 

Tonometry examinations should be continued regularly with a goal to keep the IOP within normal 

limits. As glaucoma progresses, more frequent control visits may be indicated (Plummer, 2020).  

Etiology behind glaucoma is the impediment of aqueous humor outflow, which leads to elevated 

IOP. Glaucoma can be primary, secondary or congenital, and it can be acute or chronic. (Plummer, 

2020).  

The main goal of treatment of different types of canine glaucomas is the maintenance of IOP within 

normal limits, in order to prevent damage to retina and optic nerve. This can be achieved by 

decreasing the production and facilitating the outflow of aqueous humor by different combinations 

of topical drugs. For example, cholinergic miotics constrict the ciliary musculature, which 

facilitates the outflow of aqueous humor through the trabecular meshwork (Plummer et al., 2021). 
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Active aqueous humor production can be reduced via inhibiting the carbonic anhydrase enzymatic 

process within the ciliary body epithelium by carbonic anhydrase inhibitors such as dorzolamide. 

Also, adrenergic drugs, such as beta-blockers, lower IOP by reducing the aqueous humor 

formation. Prostaglandin analogs work by increasing the uveoscleral aqueous humor outflow. In 

initial treatment of acute glaucoma, hyperosmotic agents such as intravenous mannitol may be 

used, which increases blood osmolarity leading to water removal from aqueous humor and vitreous 

body (Plummer et al., 2021). 

1.4.2 Uveitis 

Inflammation of anterior segment can result in a drop of IOP in uveitis patients. On the other hand, 

patients with uveitis are at risk in developing secondary glaucoma. This is why tonometry is a 

useful tool in uveitis diagnosis and management (Renwick, 2014). 

Material, such as whole blood, white blood cells or fibrin, within the aqueous humor in the anterior 

chamber can occlude the drainage angle of the eye with uveitis, which leads to disruption of the 

normal flow of the drainage. This may lead to increase in IOP and secondary glaucoma (Chen, 

2020). To monitor these changes and to be able to start treatment of secondary glaucoma on time, 

tonometry should be performed during every control visit of uveitis patients. First recheck should 

be 7 days after the initial visit, and if the eye is responding well, next control visits can be done 

every 2 to 4 weeks until the eye normal. Close monitoring is indicated, since inflammation may 

worsen as treatment frequency is prolonged (Chen, 2020). 

1.5 Conclusions 

Tonometry is a beneficial diagnostic method in canine ophthalmic and systemic disorders, since 

this is the only method to accurately evaluate the IOP in clinical setting. Most importantly, it is 

used in diagnosing glaucoma and uveitis. Tonometry is a crucial method in monitoring the 

response to treatment of these disorders. At its best, tonometry is fast, easy, reliable and well 

tolerated diagnostic method in canine patients. 



21 

To achieve reliable results, it is important to keep in mind the factors that may affect IOP and 

tonometry results. IOP is maintained by production and outflow of aqueous humor, and changes 

in these factors lead to change in IOP. There are multiple factors affecting IOP, such as manual 

restraint, diurnal variations, stress and different drugs. Errors in tonometry procedure itself may 

also lead to unreliable results.  

Each of the three most common tonometry methods have their advances and drawbacks. The 

traditional indentation tonometry with Schiøtz tonometer is inexpensive, but it is not suitable for 

the most active and smallest veterinary patients due to its requirements for positioning of the 

appliance. Applanation tonometry is more expensive, but retains its function with animals in any 

position, including recumbency. Rebound tonometry has the smallest risk for corneal damage, and 

it is the safest option for patients with corneal pathologies. However, rebound tonometry is 

impractical in recumbent patients, and the probe has to be directed in a correct angle to obtain 

reliable results.  

The IOP results should be interpreted by keeping in mind the medications the animal has received. 

The effect of drugs to IOP may be intentional, for example in glaucoma treatment, or unintentional, 

for example in the anesthetic protocol. The drugs increasing IOP include for example topical 

mydriatics, ketamine, propofol and fentanyl, whereas medetomidine, cholinergic miotics, carbonic 

anhydrase inhibitors and prostaglandin analogs have a decreasing effect to IOP.  

As the tonometry procedure is carried out correctly and the multiple factors affecting IOP are taken 

into account when interpreting the tonometry readings, the tonometry procedure provides valuable 

information about the health of the animal. 
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2. AIMS OF THE STUDY  
 

This final thesis aims to determine, whether psychogenic stress has a significant effect on IOP 

readings in dogs in a clinical setting, and how to take this into account when applying the 

tonometry results in diagnosis and treatment. The information from the study aids in determining 

the suitable timing for obtaining reliable IOP measurements during the veterinary visit.   

The hypothesis is that the stress associated with these procedures increases the intraocular pressure 

in dogs, and as the tonometry procedure becomes familiar to the subject, and the stress associated 

with the vaccination and clinical examination relieves, the IOP is lower at the time of the second 

set of measurements.  
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3. MATERIALS AND METHODS

3.1  Study design 

To evaluate the difference of IOP in dogs before and after vaccination and clinical examination, 

tonometry was performed both before and after the procedures. Measurement results and 

signalment, including age, sex, and breed of the dog, were recorded for further statistical analysis. 

In addition, a routine ophthalmic examination was performed in each case, including examination 

of the cornea, anterior chamber, iris, and lens, performed by direct ophthalmoscopy before the 

tonometry procedure. The history of possible eye diseases was discussed with the owners, and it 

was verified that the owner had not noticed any ocular symptoms recently. Only patients whose 

owners did not have current complaints regarding the eyes, were included in the study. Exclusion 

criteria for this study also included distinct corneal changes, such as vascularization, edema, 

pigmentation, scarring, or corneal ulcers. All the dogs included in the study were clinically healthy 

and had no ongoing medications.  

Dogs which were 12 weeks old at the time of vaccination visit received a vaccine containing live, 

attenuated, freeze-dried canine distemper virus, canine adenovirus type 2, canine parvovirus, and 

canine parainfluenza virus (Nobivac® DHPPi, MSD Animal Health), and dogs 16 weeks old or 

older received the same vaccine combined with inactivated rabies virus (Nobivac® Rabies, MSD 

Animal Health). The vaccines were given as a subcutaneous injection on the dorsal neck region. 

3.2  Study population 

The study population consisted of client-owned dogs presented for a routine vaccination visit in 

the period from November 2020 to December 2021 at the Small Animal Clinic of Estonian 

University of Life Sciences in Tartu, Estonia, and at Pohjois-Suomen Eläinsairaala in Oulu, 

Finland. 
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3.3 Tonometry procedure 

A rebound tonometer Tonovet ICare® (ICare; Tiolat Oy, Helsinki, Finland) (Figure 1.) was used 

for the intraocular pressure measurement for all of the subjects. The rebound tonometer does not 

require topical anesthesia for measuring IOP.  

Each dog was restrained by their owner or a veterinary technician. During the measurement 

procedure, the dogs were either sitting or standing on the examination table or on the examination 

room floor. Preferably, the assisting person held the head of the dog gently between the palms of 

the hands. Special care was taken to avoid compression of the jugular vein or digital pressure on 

the orbit and eyelids (Figure 2.). If the animal was tense or needed excessive restraint, IOP readings 

were not recorded for the study. 

IOP of both left and right eye was measured twice: the first time before the general clinical 

examination and vaccination (IOP1) and the second time after vaccination (IOP2). IOP was 

measured was chosen randomly, and measurements were performed by the same person. The time 

difference between the first and second measurement sets of IOP ranged from two to five minutes. 

with estimated distance of about 5 8 mm between 

the probe head and central cornea, and the IOP was measured without local anesthesia. Recorded 

IOP was an average of six tonometry readings, which had a standard deviation of less than 5%. 

IOP was measured for both eyes, first from OS and then immediately from OD. Rebound 

tonometry was well tolerated in dogs and did not cause any signs of discomfort or irritation in the 

eye or corneal lesions after measurements.  
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Figure 1. The Tonovet ICare® rebound tonometer (Author of the photo: Sonja Riihijärvi) 

Figure 2. The tonometry procedure. The assistant is restraining the dog gently, without applying 

aligned perpendicularly to the eye surface and at a 4-8mm distance from the cornea. (Author of 

the photo: Sonja Riihijärvi) 



3.4  Statistical analysis 

The results were analyzed by determining the arithmetical mean values (X) of IOP readings from 

both eyes together (OU) and separately for the right eye (OD) and for the left eye (OS). A paired 

T-test was used to compare the mean values of IOP1 and IOP2. P values less than 0.05 were 

considered to be statistically significant. Statistical test was carried out with a null hypothesis 

stating that the difference between the IOP1 and IOP2 is zero. Data management was done using 

MS Excel 2019 (Microsoft, USA). 

3.5 Ethical considerations 

The welfare of the animals was not compromised by the repeated measurements required in this 

study since rebound tonometry requires only momentary contact with the cornea and does not 

cause irritation or tissue damage. A written consent form was signed by each owner. If the 

patient showed signs of fear or agitation during measurement, the examination was 

discontinued. The owners held the right to interrupt the measurement procedure at any time 

point if they or their dog felt uneasy during the procedure. 

26 
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4. RESULTS 
 

In total 44 dogs were observed in this study. There was a presentation from 30 different dog breeds, 

including mixed breed dogs. 26 females and 18 males were represented. The average age of the 

dogs in the study was 2.0 years, ranging from three months to 9.4 years. The study group and their 

results are shown in Table 1, and the IOP data is shown in Table 2. 

The mean IOP1 of OU was 18.0 (± 4.1) mmHg and the mean IOP2 of OU was 17.7 (± 4.0) mmHg. 

For OS, mean IOP1 was 17.8 (± 4.1) mmHg and IOP2 was 17.6 (± 4.1) mmHg. For the OD these 

values were 18.2 (± 4.3) mmHg and 17.9 (± 4.1) mmHg, respectively. In 47.7% of the subjects, 

the IOP OU decreased, in 36.4% of the subjects the IOP of OU increased, and in the rest of the 

dogs (15.9%), the IOP of OU did not change after the vaccination and general examination 

procedure.  

Mean IOP at T2 was lower than mean IOP at T1 for OS, OD, and OU. The mean difference for 

IOP OU in T1 and T2 was 1.5 (± 1.5) mmHg. However, the statistical evidence was insufficient 

to prove that the differences are statistically significant. The mean change in IOP of OU before 

and after the vaccination and clinical examination procedure was not significantly greater than 

zero, (two-tail p = 0.398), providing evidence that the IOP is not significantly changed during the 

vaccination visit. Also, as the OD and OS are studied independently, the differences between T1 

and T2 were not statistically significant (two tail p = 0.494 for OD and two tail p = 0.422 for OS). 
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Table 1. The test group and IOP measurement results before and after vaccination 

Sex 
(F/M) 

Age 
(years) 

IOP1 
(OS) 
(mmHg) 

IOP1 
(OD) 
(mmHg) 

IOP1 
(OU) 
(mmHg) 

IOP2 (OS) 
(mmHg) 

IOP2 
(OD) 
(mmHg) 

IOP2 (OU) 
(mmHg) 

M 
M 
M 
F 

0.3 
5.3 
0.3 
9.4 

10 
14 
14 
21 

12 
14 
18 
19 

11 
14 
16 
20 

10 
13 
14 
21 

11 
13 
15 
19 

10.5 
13 
14.5 
20 

F 
F 

1 
0.3 

22 
15 

22 
15 

22 
15 

21 
15 

22 
16 

21.5 
15.5 

F 
F 

2 
1.4 

18 
13 

11 
12 

14.5 
12.5 

14 
13 

11 
12 

12.5 
12.5 

M 
F 

1 
0.2 

23 
10 

30 
11 

26.5 
10.5 

24 
13 

24 
13 

24 
13 

F 
M 
M 
M 

1 
0.3 
1.4 
0.3 

25 
24 
13 
13 

23 
26 
16 
13 

24 
25 
14.5 
13 

25 
26 
18 
15 

23 
23 
18 
15 

24 
24.5 
18 
15 

F 
M 

7 
0.3 

11 
21 

14 
19 

12.5 
20 

14 
19 

18 
21 

16 
20 

F 0.3 15 14 14.5 14 14 14 
F 4 17 20 18.5 16 15 15.5 

F 
M 
F 
F 
F 
M 
M 
M 
F 
F 
F 
F 
F 
M 
M 
F 
F 
M 
M 
F 
F 
M 
F 
F 
F 
F 

0.4 
0.2 
0.4 
0.3 
9 
1.1 
0.4 
0.3 
0.4 
4.3 
4.2 
0.3 
0.3 
1 
4.2 
4.3 
1.4 
4 
1.3 
4.9 
4.5 
1.1 
0.4 
1.4 
0.4 
4.2 

14 
13 
20 
10 
14 
16 
20 
18 
22 
19 
20 
19 
25 
19 
21 
21 
20 
18 
21 
16 
21 
20 
20 
19 
20 
21 

14 
14 
21 
11 
16 
16 
25 
17 
22 
18 
25 
18 
24 
18 
18 
23 
18 
18 
19 
16 
22 
18 
21 
18 
21 
19 

14 
13.5 
20.5 
10.5 
15 
16 
22.5 
17.5 
22 
18.5 
22.5 
18.5 
24.5 
18.5 
19.5 
22 
19 
18 
20 
16 
21.5 
19 
20.5 
18.5 
20.5 
20 

14 
15 
20 
10 
14 
15 
21 
17 
22 
18 
19 
19 
24 
19 
21 
21 
18 
15 
17 
10 
20 
18 
21 
23 
21 
18 

16 
15 
20 
12 
18 
15 
22 
17 
23 
19 
16 
19 
25 
20 
19 
23 
18 
13 
17 
11 
21 
17 
22 
26 
22 
17 

15 
15 
20 
11 
16 
15 
21.5 
17 
22.5 
18.5 
17.5 
19 
24.5 
19.5 
20 
22 
18 
14 
17 
10.5 
20.5 
17.5 
21.5 
24.5 
21.5 
17.5 

F  female, M  male, IOP1  intraocular pressure before vaccination, IOP2  intraocular pressure 

after vaccination, OS  left eye, OD  right eye, OU  both eyes  
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Table 2. Mean (± SD) intraocular pressure (IOP in mmHg) measured in dogs (n = 44) before (T1) 

and after (T2) vaccination and clinical examination procedure and the two-sided p-values from the 

paired t-test for means 

 T1 (mean ± SD) T2 (mean ± SD) P-value  

OS IOP 17.8 ± 4.1 17.6 ± 4.1 0.422 

OD IOP 18.2 ± 4.3 17.9 ± 4,1 0.494 

OU IOP 18.0 ± 4.1 17.7 ± 4.0 0.398 

 

OS  left eye, OD  right eye, OU  both eyes, T1  time before vaccination and clinical 

examination T2  time after vaccination and clinical examination, SD  standard deviation. 

Intraocular pressures are presented as mmHg.  
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5. DISCUSSION 
 

The results of this study suggest that there is no statistically significant difference between the IOP 

before and after a stressful event in dogs. However, it should be noted, that two of the subjects 

exhibited a drop in IOP of 5 mmHg or greater (when comparing IOP1 OU and IOP2 OU of the 

individual), and one of the subjects exhibited a 6 mmHg increase in IOP, which could already be 

a clinically significant difference and might affect the clinical judgment.  

et al. (2021) and Pekmezci et al. (2011), which recorded a 

statistically significant decrease between the first and second set of measurements in dogs and 

humans, respectively, there was no statistically significant difference between the first and second 

IOP measureme et al. (2021) the time interval between 

the first and the second measurement set was 15 minutes, and in the study by Pekmezci et al. 

(2011), the time interval between the measurement sets was two weeks. In this final thesis, the 

time difference between the first and second set of IOP measurements was shorter, ranging from 

two to five minutes, and this may be a contributing factor in the difference in the results. It is 

possible, that the physiological effects of stress to IOP are not experienced in such a short time 

period.  

The weaknesses of this study include the relatively small size of the study population and the lack 

of the accurate repeatability of the data collecting procedure. As most of the IOP measurements 

were obtained in co-operation with the owners of the dogs, there is inevitable variation in the event. 

Some owners held the dog more tightly, while some restrained the dog less, and the behavior and 

the attitude of the owners might have also affected the behavior and stress level of the dogs. Also, 

the nature of the dogs themselves may be a disseminating factor, as some of the dogs found the 

veterinary visit more stressful than others.  

It is difficult to isolate and study stress or anxiety as individual factors affecting IOP in dogs. It 

may be impossible to differentiate, whether the change in IOP between the two sets of 

measurements is due to a change in the stress level of the animal of for example due to slight 

difference in restraining technique. To eliminate all other contributing factors on IOP, the study 

situation should be extremely controlled.  
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The stress factor for this study was chosen to be a routine vaccination visit containing the clinical 

examination and vaccination procedure, as it is generally executed in a similar pattern and there 

are multiple dogs receiving vaccinations each day at the veterinary clinics. The weakness of this 

is the fact that it is impossible to completely exclude the effect of the vaccine preparation itself on 

the IOP, even though the absorption of the subcutaneous injection is not immediate. To eliminate 

this factor, injections of normal saline should have been used, since the purpose of this study was 

not to evaluate the effect of the vaccine preparation on the IOP, but the stressful event of giving 

the vaccine.  

In dogs, that exhibited extreme signs of distress, anxiety, or aggression during the procedure, the 

tonometry procedure was interrupted, and the results were not recorded. It is possible that in these 

dogs the change in IOP would have been most significant, so the exclusion of these individuals 

may affect the results of this study.  
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6. CONCLUSIONS 
 

In this study, the IOP measurement before and after the stressful event had no statistically 

significant difference. Based on the results of this study, the IOP results obtained before and after 

the vaccination procedure were equally reliable and are suitable when making the clinical 

judgment.  However, it should be kept in mind the numerous other factors affecting IOP in dogs 

when interpreting the IOP results.  

For further studies, a larger study population and a more controlled study environment and 

procedure would be valuable in gaining more information about the relationship between stress 

and IOP in dogs. The time difference between the first and second measurements should be fixed, 

and there should be additional measurement sets in order to document the trend in the change in 

the IOP within a longer time interval.  
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