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Diurnal variations of central corneal thickness and intraocular pressure 
in dogs from 8:00 am to 8:00 pm

Eva Martín-Suárez, Carolina Molleda, Rodrigo Tardón, Alba Galán, José Gallardo, José Molleda

Abstract — Diurnal variations in central corneal thickness (CCT) and intraocular pressure (IOP) and their 
relationships were studied in healthy dogs. Central corneal thickness was measured by ultrasonic pachymetry and 
IOP by applanation tonometry in 16 beagle dogs. Measurements were taken every 90 min over 12 h (08:00 am 
to 08:00 pm). The mean CCT and IOP values obtained during the sampling period were 545.6 6 21.7 mm (range: 
471 to 595 mm) and 15 6 2.2 mmHg (range: 10 to 19 mmHg), respectively. The CCT and IOP showed statistically 
significant decreases at 6:30 pm and 5:00 pm, respectively (P , 0.001). Central corneal thickness and IOP values 
were lower in the afternoon/evening than in the morning and were positively correlated. Both findings are important 
for the diagnostic interpretation of IOP values in dogs.

Résumé —Variations diurnes de l’épaisseur de la cornée centrale et de la pression intraoculaire chez les 
chiens, de 8 heures à 20 heures. Les variations quotidiennes de l’épaisseur de la cornée centrale (ECC) par 
pachymétrie ultrasonore, ainsi que la pression intraoculaire (PIO) obtenue par tonométrie à aplanissement, ont 
été étudiées chez seize chiens beagle en bonne santé. La relation entre ces deux paramètres a aussi été évaluée. Les 
mesures ont été effectuées toutes les 90 minutes durant douze heures (08:00 am à 08:00 pm). Les valeurs moyennes 
de ECC et PIO obtenues durant la période de l’expérience ont été respectivement de 545,6 6 21,7 mm (valeurs 
extrêmes de 471 à 595 mm) et de 15 6 2,2 mmHg (valeurs extrêmes de 10 à 19 mmHg). La mesure de l’épaisseur 
cornéenne ainsi que la pression intraoculaire ont montré statistiquement une baisse significative après 6:30 pm et 
05:00 pm (P , 0,001) respectivement. Les valeurs de l’ECC et de la PIO étaient plus basses l’après-midi que le 
matin, avec une corrélation positive entre les deux.

(Traduit par les auteurs)
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Introduction

M easurement of central corneal thickness (CCT) has 
become more common in ophthalmic practice. An accu-

rate determination of intraocular pressure (IOP) may need to be 
modified according to CCT to avoid pressure overestimation or 
underestimation which is important in the clinical evaluation of 
glaucoma (1–3). This relationship between CCT and IOP has 
been demonstrated in several studies in human ophthalmology 
(4–6). Recently a correlation was made between CCT readings 
and IOP values obtained by rebound and applanation tonometry 

in normal dogs suggesting that CCT is a factor to be considered 
in IOP measurements in this species (7).

The CCT is measured in vivo by means of corneal pachym-
etry, using optical, digital, or ultrasonic means, the latter being 
the most commonly used method for determining CCT in 
animals and humans (8–9). In dogs CCT varies from 377 mm 
to 657 mm (7,8,10–12) with a mean value around 550 mm 
(7,8). Variability exists between individuals due to weight (8), 
breed (13), gender and age (7,8,10,12,13) as has been reported 
in humans (14). Diurnal changes in CCT values have been 
reported in numerous species including rabbits (15), cats (16), 
primates (17), and humans with thickest corneas after awaken-
ing (18).

Significant diurnal variations in IOP have also been observed 
in normal dogs (19–21), cats (22,23), and rabbits (24–26) 
with highest values in the early morning and troughs occur-
ring during the day. Correlation between diurnal variations 
of IOP and CCT has been shown in humans for the first 2 h 
after awakening (18) but the authors were unable to find data 
concerning CCT variation or IOP-CCT correlations through 
the day in dogs.

Based on IOP and CCT variations occurring during the day 
in humans, we hypothesized that these changes will also be 
observed in dogs. The aim of this study was to determine the 
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fluctuation in CCT and IOP during the 12-hour period from 
8.00 am to 8.00 pm and the relationship between CCT and 
IOP in healthy beagle dogs.

Materials and methods
Animals
The study population consisted of 16 beagle dogs (14 females 
and 2 males) aged between 1 and 4 y and with an average weight 
of 14 kg (range: 10 to 16 kg). Healthy animals, without previous 
systemic or ocular disease, were selected by means of general 
physical and ophthalmological examination; including biomi-
croscopy (SL-5; Kowa, Tokyo, Japan), tonometry (Tonopen XL; 
Mentor Ophthalmics, Santa Barbara, California, USA), direct 
ophthalmoscopy (Beta 200; Heine, Herrsching, Germany) and 
indirect ophthalmoscopy (Omega 180; Heine). This study was 
in accord with European legislation (86/609/EU) and the experi-
mental protocol was approved by the Ethics and Animal Welfare 
Committee of the University of Córdoba, Córdoba, Spain.

Experimental procedure
Diurnal measurements of pachymetry (PachPen; Accutome, 
Malvern, Pennsylvania, USA) and tonometry (Tono-pen XL; 
Medtronic, Minneapolis, Minnesota, USA) were taken in the 
left eye of the 16 dogs. Measurements were taken every 90 min 
during the 12-hour period 8:00 am to 8:00 pm.

The dogs were placed on the examination table and held 
by an assistant to reduce stress, taking care not to put pressure 
on soft periocular structures or the neck. Pachymetry was per-
formed 1 min after applying topical anesthesia (Prescaine 0.2%; 
Llorens Laboratory, Barcelona, Spain). The CCT was the average 
of 9 successive measurements with standard deviations below 5% 
taken at a single point on the cornea situated in the center of 
the pupil. The IOP was measured 2 min after measuring corneal 
thickness. The IOP was calculated as the average of 3 successive 
values with standard deviations , 5% measured in the center of 
the cornea. After IOP and CCT measurements, corneal integrity 
was determined by slit lamp biomicroscopy and staining with 
fluorescein and rose Bengal (Rosix; Dioptrix, Toulouse, France).

The sleeping pattern of these dogs was monitored and all the 
dogs were kept awake during the sampling period. The dogs 
rested in a dark environment from 10 pm to 7:30 am, when the 
lights were switched off and on, respectively. The dogs spent the 

daytime in a sunlit room and were taken for a 20-minute walk 
3 times/day. During the day, someone was present to ensure that 
none of the animals went to sleep.

The percentage of diurnal variation (% DV) in CCT was 
estimated using the difference between the maximum and mini-
mum readings measured in 1 day (from 8:00 am to 8:00 pm) as 
described by Harper et al (27).

Statistical analysis
A descriptive analysis was performed for all the variables. The 
IOP and CCT values were analyzed using an analysis of variance 
(ANOVA) for repeated measurements. Post-hoc tests that were 
used were Tukey’s test and Bonferroni’s test (13). Pearson cor-
relation test was applied to find the relationship between corneal 
thickness and intraocular pressure at P # 0.05.

Results
Central corneal thickness
Mean CCT and standard deviation (6 SD) obtained during the 
sampling period was 545.6 6 21.7 mm (range: 471 to 595 mm) 
(Table 1). There were no significant differences between readings 
from 8.00 am to 5.00 pm but the readings taken at 6.30 and 
8.00 pm were significantly lower (P , 0.001) than the readings 
at 8.00 am (Table 1; Figure 1). Mean and standard deviation 

Table 1.  Mean central corneal thickness (CCT) and mean intraocular pressure (IOP) readings in 
16 beagle dogs measured at intervals from 8.00 am to 8.00 pm

	 CCT (mm)	 IOP (mmHg)

Time	 Mean 6 SD	 Minimum	 Maximum	 Mean 6 SD	 Minimum	 Maximum

8:00 am	 549 6 24.1a	 514	 595	 16 6 2.1a	 12	 19
9:30 am	 549 6 22.2a	 514	 590	 16 6 2.0a	 12	 19
11:00 am	 550 6 21.2a	 519	 590	 17 6 1.9a	 12	 19
12:30 pm	 551 6 19.6a	 516	 586	 17 6 1.9a	 13	 19
02:00 pm	 549 6 20.4a	 514	 589	 16 6 1.6a	 13	 18
03:30 pm	 547 6 19.9a	 499	 577	 16 6 2.0a	 12	 18
05:00 pm	 543 6 19.8a	 485	 565	 14 6 1.6b	 11	 17
06:30 pm	 538 6 26.3b	 471	 574	 13 6 1.8b	 10	 17
08:00 pm	 536 6 20.1b	 494	 568	 13 6 1.6b	 11	 16
Period	 545.6 6 21.7	 471	 595	 15.2 6 2.2	 10	 19
a,b  Values with different letters are statistically significant values (P , 0.001).
SD — standard deviation.

Figure 1.  Mean 6 SD diurnal central corneal thickness (CCT, mm) 
and intraocular pressure (IOP, mmHg) in the sampling period 
between 8:00 am and 8:00 pm.
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(6 SD) of the % DV in CCT was 7.5 6 4.5%. There were 
individual changes in CCT, with diurnal variations ranging 
between 2.7% and 18.7% during the 12-hour sampling period 
(Table 2). The percentage DV ranged from 2.7% to 5.3% in 
8 dogs, from 7.2% to 8.7% in 4 dogs and above 10% in the 
4 others (Table 2).

Intraocular pressure
Mean IOP (6 SD) obtained during the sampling period was 
15.2 6 2.2 mmHg (range: 10 to 19 mmHg) (Table 1). There 
were no significant differences between readings from 8.00 am 
to 3.30 pm but the readings taken after 3.30 pm were signifi-
cantly lower (P , 0.001) than the readings at 8.00 am (Table 1; 
Figure 1).

Mean (6 SD) of the percentages of IOP diurnal variation 
was 47.9 6 14.3%. High individual variations in IOP were 
observed, ranging between 28.6% and 72.7% during the 
12-hour sampling period (Table  2). The DV was 28.6% in 
1 dog, 35.7% to 38.5% in 7 dogs, 45.5% to 60% in 5 dogs, and 
72.7% in 3 dogs (Table 2). Mean diurnal IOP and CCT mea-
surements were moderately correlated in these dogs. (Pearson 
correlation coefficient r = 0.25, P = 0.002).

At the end of the study micropunctate fluorescein and rose 
Bengal staining of the cornea was done in all dogs with slight 
conjunctival hyperemia. Dogs were treated with preservative-free 
artificial tears (Oxyal; Laboratorios LLorens, Barcelona, Spain) 
and an antibiotic solution containing polymyxin B, neomycin, 
and gramicidin (Oftalmowell; UCB-pharma, Madrid, Spain). 
The cornea healed 3 d after treatment and all animals recovered 
fully. 

Discussion
The CCT measurements using ultrasound pachymeter were eas-
ily obtained in all eyes studied. According to Harper et al (27), 

the fact that ultrasonic pachymetry necessarily involves contact 
with the surface of the corneal epithelium is a disadvantage com-
pared with optical pachymetry. However, in veterinary medicine 
ultrasonic pachymetry has the advantages of portability, ease 
of use, and rapid measurements, and is well-tolerated by dogs 
without the need for sedation or general anesthesia.

Determination of CCT is essential for evaluating corneal 
rigidity and consequently represents an important factor for 
IOP values measured by applanation tonometry (1,2). The CCT 
should be considered in IOP measurements in dogs (7). In this 
study the CCT range (471 to 595 mm), although within normal 
limits (7,8), was highly variable. Variability of CCT in dogs 
has been attributed to differences in breeds (13), age (8,11,13), 
weight (8), and gender (8,13). Significantly thicker corneas have 
been reported in Labrador retrievers than in a beagle/briard cross 
(13), and in males over female dogs (8,13). However Park et al 
(7) failed to find differences by gender in CCT measurements. 
There are not many studies that address factors influencing 
CCT in dogs. In human ophthalmology racial differences have 
been widely studied, reporting CCT differences in some ethnics 
groups (14,28). Older age has also been associated with thinner 
central corneas than younger age (28). Most studies found no 
gender differences (14,29,30) on CCT; however, some studies 
reported a moderately significant association between gender 
and CCT (31,32).

Significant diurnal fluctuations in CCT occur in humans 
(18,33) and cats (16), with thick corneas after awakening, but 
have not previously been reported in dogs. In humans, the 
greater corneal thickness observed in the morning has been 
related to an increase in thickness during sleep, possibly due to 
the anaerobic metabolism which produces an osmotic gradient 
that attracts water in the corneal stroma (34). The CCT gradu-
ally decreased as the day progressed with the largest change in 
the first 3 h after awaking (18) and with a maximum decrease 

Table 2.  Diurnial variations in central corneal thickness (CCT) and in intraocular 
pressure (IOP) in 16 beagle dogs

	 CCT (mm)	 IOP (mmHg)

Dog	 % SD	 Minimum	 Maximum	 % SD	 Minimum	 Maximum

1	 3.7	 534 	 554 	 50.0	 12 	 18
2	 5.3	 527 	 555 	 72.7	 11 	 19
3	 3.1	 540 	 557 	 60.0	 10 	 16
4	 3.7	 538 	 558 	 54.5	 11 	 17
5	 7.2	 515 	 552 	 35.7	 14 	 19
6	 7.6	 511 	 550 	 72.7	 11 	 19
7	 4.9	 531 	 557 	 38.5	 13 	 18
8	 4.7	 530 	 555 	 35.7	 14 	 19
9	 3.3	 549 	 567 	 38.5	 13 	 18
10	 2.7	 551 	 566 	 28.6	 14 	 18
11	 11.9	 505 	 565 	 38.5	 13 	 18
12	 18.7	 471 	 559 	 50.0	 12 	 18
13	 8.7	 515 	 560 	 36.4	 11 	 15
14	 15.1	 485 	 558 	 45.5	 11 	 16
15	 8.6	 548 	 595 	 35.7	 14 	 19
16	 10.6	 536 	 593 	 72.7	 11 	 19
Mean	 7.5	 524.1	 562.6	 47.9	 12.2	 17.9
SD	 4.5	 22.0	 12.7	 14.3	 1.3	 1.2
Maximum	 18.7	 551.0	 595.0	 72.7	 14.0	 19.0
Minimum	 2.7	 471.0	 550.0	 28.6	 10.0	 15.0

SD — standard deviation.
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after 5 to 12 h (27,35). Variation may be observed between 
individuals, age, gender, physical activity, and environmental 
variables such as temperature and humidity (28,35). Despite 
different sleeping habits in humans and dogs, in both cases 
highest CCT values were observed in the morning. However 
in our study CCT fluctuation was not statistically significant 
between the first 5 measurements (from 8:00 am to 5:30 pm) 
and CCT progressively decreased to the last measurement at 
8:00 pm. Most studies on human CCT variability considered 
only daytime fluctuations from 8:00 am to 8:00 pm or during 
waking hours (4,27,35). In 24-hour studies, Harper et al (27) 
and Kida et al (36) confirmed an increase in corneal thick-
ness during sleep with a peak CCT occurring between 1:30 to 
5:30 am. In cats, corneal thickness increased during periods of 
eye closure with a progressive decrease during periods of eye 
opening (16). Due to the irregular pattern of sleep of cats no 
diurnal or nocturnal CCT variations were observed, maintain-
ing similar values over 24 h (16). A 24-hour study on IOP and 
CCT has not been reported in dogs. It would be required to 
provide information about the circadian fluctuations in CCT  
and IOP.

Mean diurnal percentage of variation (7.5%) on CCT 
observed in dogs of this study were comparable to those 
described in humans (7.2%) (27). Overall individual variability 
was low with 75% of dogs showing a percentage of variation 
less than 10%.

We have shown that significant variation occurs in IOP over a 
12-hour period in healthy beagle dogs, similar to that described 
in humans (4,36) and dogs (19–21). IOP values were higher at 
the first hours in the morning, decreasing slowly during the day 
until 8:00 pm, which shows the same general trend as several 
of the previous studies in healthy beagles dogs (20,21) with the 
afternoon mean IOP values (5:00 pm) significantly lower than 
the morning means.

Mean diurnal IOP variation in this study (5.7 mmHg) was 
also consistent with previous studies in human ophthalmology 
(33). Differences between the minimum and maximum value 
can reach 8 mmHg as we found in 3 dogs (18.75%). It sug-
gests that in some animals variations of IOP may be large and 
not recognized during clinic hours. Caution must be exercised 
when interpreting IOP values in terms of both diagnostics and 
treatment and related to the time of day when measurements 
must be performed because changes in IOP observed in the 
same patient at different clinical examinations may be due to 
the circadian rhythm rather than to a true change in the mean  
IOP (21).

Studies in humans have evaluated the diurnal correlation 
between CCT and IOP measurements with inconsistent results. 
Many of these reports found a significant positive correlation 
between IOP and CCT (4,18,37,38) as we have found in dogs 
but other investigators failed to find a temporal relationship 
between both (39). However, the individual IOP value is now 
proving to be more complex than allowing for CCT alone as 
tonometry is influenced by the material properties of the cornea 
of which CCT is but one component (40). Also it has been 
reported that the relation between IOP and CCT depends on 
the presence of corneal pathology as endothelial dystrophy. 

Corneal surgeries that either increase or decrease the corneal 
thickness represent a challenge for IOP measurement and estab-
lishment of a diagnosis of glaucoma (41).

In conclusion, IOP and CCT in beagle dogs show diurnal 
variations with higher values early in the morning than in the 
afternoon/evening and a significant correlation between both. 
	 CVJ
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Ferrets, Rabbits, and Rodents: Clinical 
Medicine and Surgery

Quesenberry KE, Carpenter JW. Elsevier. St. Louis, Missouri, 
USA, 2012. 596 pp. ISBN 9781-4160-6621-7. $85.95.

T his is the third edition of Ferrets, Rabbits, and Rodents: 
Clinical Medicine and Surgery. It is a wonderful improve-

ment and update from the previous edition. As more experts 
have developed in the field of exotic small mammal medicine, 
their knowledge and expertise have been brought in to contrib-
ute to the chapters in this book. The sections remain basically 
the same, broken down by species then more general topics, 
such as anesthesia, dentistry, endoscopy, and ophthalmology. 
New chapters include behavior and emergency and critical 
care. The endoscopy and diagnostic imaging chapters are 
greatly expanded. The sections are color-coded at the top of 
the page for easy reference. There are numerous high-quality 
color photographs throughout the book, including radiographs, 
endoscopy, clinical disease, surgery, and necropsy. Each species 
section reviews the basic natural history, anatomy, physiology, 
husbandry, and behaviors particular to that species. Common 
medical conditions and surgical procedures are described with 
good detail. There are several tables for specific hematologic and 

serum biochemical ranges, hormone levels, urinalysis ranges, and 
species specific diets for easy reference. The anesthesia, analgesia, 
and sedation section has several tables for agents used for these 
different needs, including constant-rate infusions. The formulary 
is updated to reflect the most commonly used agents and doses 
in exotic small mammals.

While this edition expands on the relevant information 
regarding the most commonly encountered exotic small mam-
mals seen in clinical practice, it is lacking the chapter on prairie 
dogs that existed in the previous version, although they are not 
as commonly seen today. It would also have been more helpful 
to have had a table of pre-anesthetic agent combinations, or at 
least a discussion of potential options. Otherwise, it is difficult 
to find fault with this superb, detailed yet concise reference on 
so many species. It is an excellent reference for any veterinarian 
currently treating or considering treating exotic small mammals. 
It would be especially helpful for veterinarians who just see the 
occasional animal to have a single complete reference that cov-
ers basics for treatment or stabilization until referral to a more 
experience exotic practitioner is an option.

Kristian J. Krause, DVM, Dipl. ABVP (Feline), Serrano 
Animal and Bird Hospital, 21771 Lake Forest Drive, Suite 111, 
Lake Forest, California 92630, USA.
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