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Summary

The aim of this study was to compare the usefulness of laboratory diagnostic parameters dedicated for
general anesthesia in brachycephalic and mesaticephalic dogs. The study was performed on two groups of dogs
of 112 animals each, representing two different morphotypes, brachycephalic and mesaticephalic ones, which
underwent general anesthesia with medetominidine, midazolam, propofol and isoflurane. Before and after
anesthesia, the dogs underwent basic haematological and biochemical tests. In 18% of mesaticephalic dogs and
16% of brachycephalic dogs, the results of laboratory blood tests show a significant increase in the activity of
liver enzymes: aspartate aminotransferase (AST), alanine phosphatase (ALT) and alkaline phosphatase (ALP),
even though the animals showed no clinical signs other than those recognized in ophthalmologic examination.
This demonstrates the presence of subclinical hepatic changes in these animals. Moreover, general anesthesia
had a greater negative impact on liver function if liver enzyme values had exceeded certain levels before the
anesthesia (AST > 61 U/L, ALT > 91 U/L). This made it possible to define new, useful upper limit values of AST
and ALT for subclinical dogs before anesthesia that could lead to more serious complications of liver function
after anesthesia. Among all the examined parameters, it is beneficial to monitor the activity of AST, ALT and
ALP during the perianesthetic period. In the postanesthesia monitoring, creatinine concentration should also

be included.
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General anesthesia, as a controllable and revers-
ible process of consciousness abolition and analgesia,
causes a temporary destabilization of physiological
functions. The temporary inhibition of central nervous
system functions, with preservation of respiratory
and circulatory functions, is associated with a risk of
complications, including death. The overriding element
of every anesthetic protocol in companion animals is
minimizing the risk of complications. Two procedural
models have been developed for this purpose. The first
calls for performing blood tests when clinical exami-
nations reveal abnormalities or when additional risk
factors are recognized (e.g. age). The second model
calls for similar blood tests irrespective of the patient’s

clinical state or presence of additional risk factors in
order to diagnose disease at a subclinical stage (1).
Additional risk factors in anesthesia of the canine
patient include age (geriatric or neonatal), weight
(obesity), and morphotype (specifically brachycephalic
dogs). Mesaticephalic dog breeds are considered the
least hindered in terms of their skull morphology
by specific breeding programs. This group includes
highly selected breeds such as the Siberian Husky (the
breed least modified by man) and the English Cocker
Spaniel. Mesaticephalic dog breeds may have char-
acteristic diseases, for example, entropiom in Polish
Hounds or English Cocker Spaniels. In addition, the
polymorphism of dogs can predispose to anatomical
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abnormalities (e.g. abnormal eyelid position requiring
surgical correction under general anesthesia (8, 16,
17, 21) or clinical abnormalities (e.g. impaired gas
exchange or dyspnoea during or after anesthesia (2)),
such as are seen in the brachycephalic dog breeds.
These latter abnormalities are related to the local chon-
drodysplasia of the facial aspect of the skull created by
breeding selection (14). The cartilage of the skull base
undergoes ankylosis during the early period of devel-
opment. This predisposes to the shortening of the long
axis of the skull bones while at the same time allowing
them to grow in width (12). The facial and occipital
skull bones become deformed, causing a myriad of
undesirable medical traits collectively referred to as
BAOS (brachycephalic obstructive airway syndrome)
(22). This syndrome includes soft palate elongation,
stenotic nares, an increased amount of tissue in the
throat and submandibular area, laryngeal collapse,
tracheal hypoplasia, everted laryngeal saccules with
mucous membrane edema and hyperplasia (6, 20,
25). Because brachycephalic dogs are predisposed to
BAOS, it is assumed that the risk of general anesthesia
for the whole group is increased (3, 13). In fact, BAOS
occurs frequently, but not in 100% of brachycephalic
dogs (18). According to Nijakama et al (18), it is seen
most frequently in Bulldogs and Pugs. In a population
0f2207 dogs, BAOS was observed in 44% of Bulldogs
but in no Boxers. Although the brachycephalic mor-
photype includes over a dozen dog breeds, only 3 are
predisposed to BAOS: Pugs, English Bulldogs and
French Bulldogs (5). It is therefore debatable whether
all dogs belonging to the brachycephalic morphotype
should be considered at increased risk for general
anesthesia.

Changes occurring during general anesthesia may
persist after its completion. These include hypotension,
a decrease in cardiac output and stroke volume and the
resulting impaired organ perfusion, as well as possible
transient tissue hypoxia (10, 15, 23). Post-anesthesia
monitoring in the form of control tests is therefore

Tab. 1. The numbers of dogs of particular breeds in the mesatice-

phalic and brachycephalic groups
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recommended, but no precise time frame is given. In
addition, if test results show elevated values prior to
anesthesia, it is unclear how to proceed: whether the
procedure under general anesthesia should be per-
formed or postponed, if the choice is available. It is
interesting to note whether there are laboratory blood
parameter anomalies related to changes caused by
general anesthesia in the brachycephalic morphotype
group, especially since it is made up of a large number
of dog breeds without BAOS. The aim of this study
was to evaluate the diagnostic usefulness of selected
laboratory parameters in dogs of mesaticephalic and
brachycephalic morphotypes during the perianesthetic
period for specific ocular procedures.

Material and methods

Animals. The study was performed on a population of
224 privately owned dogs (112 mesaticephalic and 112
brachycephalic) that underwent ophthalmic surgery under
general anesthesia. The owner of each dog gave written
consent for the surgery and for including the animal in the
study. Dogs of both sexes, different breeds, ages 8 months
to 5 years, weighing 5-80 kg were included. A 5-point body
condition score (BCS) was used, and only dogs with a 3/5
score were included (neither skinny nor obese). Inclusion
criteria included the absence of clinical symptoms seen
directly in the clinical examination and the absence of
symptoms of BAOS in the brachycephalic dogs. All dogs
were subjected to general anesthesia according to the same
scheme lasting 70.00 + 5.00 min. The ophthalmic surgeries,
with similar trauma, included correction of eyelid and cilia
abnormalities and lasted 60.00 = 8.00 min. The numbers of
dogs of particular breeds belonging to both morphotypes
are shown in Table 1.

General anesthesia procedure. The dogs were not fed
for 12 hours and not given water for 3 hours prior to general
anesthesia. General anesthesia was performed in 3 stages:
premedication with medetomidine hydrochloride (Cepetor,
1 mg/ml, Scanvet) given at a dose 0of 0.01 mg/kg in combina-
tion with midazolam (Midanium, 5 mg/ml, Polfa) at a dose
of 0.2 mg/kg given in 1 intramuscular injection; induction
for intubation with propofol (Plofed 1%, 10 mg/ml,
Polfa) at an average dose of 1 mg/kg; and mainte-

nance by semi-opened inhalation (Isofluranum 100%,
Mesaticephalic breeds ’;:'L":ge; Brachycephalic breeds I:;Tobgesr Aerrane, Baxter) diluted in 100% medical oxygen at
West Highland White Terrier 11| Pekingese 9 a Volum§ of 1.5% using an anesthetic machlpe for
small animals (SurgiVet CDS 9000). Analgesia was
Miniature Schnauzer 12| Shih Tzu n obtained with topical proxymetacaine hydrochloride
Pembroke Welsh Corgi 7 | Cavalier King Charles Spaniel 4 (Alcaine, Proxzmetacainihzdrochloridum 0.5%,
English Cocker Spaniel 11 | French Bulldog 8 {5%(;00;) 1f0; local afl\?\}%?i; Téd)f?ftangl- (%eggrghénﬁ
. . . ml, Fentan , Polta) diluted in 0.9% Na
Polish Hunting Dog 27 | English .Bulldog 13 solﬁtion (Natriur}rllchloratum 0,9%, 100 ml, Baxter)
Hesiomdianding U 23 given at a continuous rate (2 pg/kg/h) for central anal-
Polish Hound 4 | Chow-chow 14 gesia. The animals woke up from anesthesia without
Leonberger 4 | Boxer 9 the aid of antagonistic agents, being allowed to spon-
St. Bernard 7 | American Bulldog 7 taneously breathe atmospheric air after disconnection
Mesaticephalic morphotype 19 | Bullmastitt 10 of'the anesthetic machme. They.were placed in sFernal
e recumbency on a heating pad with their heads slightly
Dogue de Bordeaux 4 elevated. The tracheal tube was removed immediately




after the animal regained consciousness and regained the
swallowing and cough reflexes.

Blood collection for laboratory testing. Blood samples
from all animals were collected from the cephalic vein
24 hours before and 24 hours after general anesthesia. In
accordance with generally accepted principles, blood was
drawn into two tubes: one without an anticoagulant to obtain
serum for biochemical tests and the other with EDTA-K2
anticoagulant for hematological analysis.

Determination of laboratory parameters. Red and
white blood cell parameters as well as platelets were deter-
mined with an Abacus Junior Vet hematologic analyzer. The
following parameters were included in the analysis: the
number of erythrocytes (red blood cells, RBC), hematocrit
(Ht), hemoglobin (Hb), mean corpuscular volume (MCV),
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mean corpuscular hemoglobin (MCH), mean corpuscular
hemoglobin concentration (MCHC), platelet count (PLT),
and leukocyte count (WBC). The leucogram included the
number and percentage of lymphocytes (LYM, LY %), the
number and percentage of monocytes (MON, MON%), and
the number and percentage of granulocytes(GRA, GR%).
Biochemical studies were performed with a Pointe 180 plus
device to analyze the activity of the following parameters in
the serum: alanine aminotransferase (ALT), aspartate ami-
notransferase (AST), alkaline phosphatase (ALP) and the
concentrations of glucose, urea, creatinine and total protein.

For complete visualization of enzyme activity before and
after general anesthesia, statistical analysis was performed
after dividing each morphotype group into 5 subgroups
according to their AST values in 10-unit increments. ALP
values were divided into 2 subgroups

a) mesaticephalic dogs M before anesthesia

M after anesthesia

*
75.92£3.22 7219+ 3.1

84.49+6.44

61.49 +3.98
53.11+329 55934315 63.00 +2.28

49.62+£1.11

within each morphotype group.
The statistical analysis was per-
formed using the SPSS 14.0 statis-
tical package GLM. The relation-
ship between particular parameters
obtained before, during and after
anesthesia was determined by the

*
134.16 £ 4.11
*108.42 +3.24

51.00-60.00 U/I

46.00-50.00 U/ 61.00-70.00 U/I

71.00-80.00 U/I

x test.
>81.00 U/l

Results and discussion

b) brachycephalic dogs M before anesthesia

[ after anesthesia

75.80 + 3.28

84.40 +7.38"

62.50+4.16 66.18 £2.82 72.50 £3.12
4.25 54.91+3.14

I+

52.13
0

*
138.27 £5.17
109.51 £ 3.65

There were no statistically
significant differences in hema-
tological parameters measured 24
hours before general anesthesia
for one of the four ophthalmic
surgeries in dogs of both morpho-
types. All values for RBC, WBC

46.00-50.00 U/l 51.00-60.00 U/l 61.00-70.00 U/

71.00-80.00 U/I

and PLT were within reference
values. There were no significant

281.00 U/l

Fig. 1. Mean serum activities of aspartate aminotransferase 24 hours before and after
general anesthesia in the mesaticephalic group (a) and in the brachycephalic group (b)

differences in these values 24
hours after anesthesia completion
and ophthalmic surgery compared

to the initial values before anes-

a) mesaticephalic dogs M before anesthesia

M after anesthesia

113.11+4.13

83.29 + 4.38 93.28 +4.44 9281 +2.32
7329+539 75084319 86.36 + 3.12

66.28 +2.11

123.85 + 7.22°

* 115.94 4 6.25 thesia. Gender, age and weight

did not have an influence on these
parameters in dogs of both mor-
photype (p > 0.05). There were
also no significant differences in
serum glucose, total protein and
urea concentrations between the

61.00-70.00 U/l 71.00-80.00 U/l 81.00-90.00 U/I

91.00-100.00 U/I

two morphotypes 24 hours before
and after general anesthesia. The

>101.00 U/l

b) brachycephalic dogs M before anesthesia

[ after anesthesia

114.20 £5.18 116.15 £ 6.70

94.11 £4.59
82.31 +5.52 85.32 £ 3.11
76.09 + 3.09

92.18 £ 2.01

72.01 £6.87
67.25+2.15

average glucose concentration in
both morphotype groups before
and after anesthesia was 4.92 +
0.19 mmol/l, total protein con-
centration was 67.92 + 0.43 g/l,
and urea was 6.42 £ 0.20 mmol/I.
Figures lab, 2ab i 3ab show the

*
136.85 +7.24

61.00-70.00 U/l 71.00-80.00 U/l 81.00-90.00 U/I

91.00-100.00 U/I

average serum activities of AST,

=101.00 U/ ALT and ALP 24 hours before and

Fig. 2. Mean serum activities of alanine aminotransferase 24 hours before and after
general anesthesia in the mesaticephalic group (a) and in the brachycephalic group (b)

after general anesthesia with sub-
groups prior to anesthesia. Dogs
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H before anesthesia
M after anesthesia

a) mesaticephalic dogs

*
182.14 £ 2.51

162.62 + 246" 163.29 + 7.24
157.92 +0.71
156.00-160.00 U/l >161.00 U/

b) brachycephalic dogs M before anesthesia

O after anesthesia

*

180.72 + 2.43
165.92 + 2.86* 168.22 + 8.16
158.32 + 0.81 .
156.00-160.00 U/l >161.00 U/l

Fig. 3. Mean serum activities of alkaline phosphatase 24 hours
before and after general anesthesia in the mesaticephalic
group (a) and in the brachycephalic group (b)

—&— Mesaticephalic morphotype dogs (n = 112)
pmol/l —&— Brachycephalic morphotype dogs (n = 112)
104,00
102.53 + 1.60*
[ 102.05 + 3.56*
100,00
98,00
96.00 96.03 + 1.42
94.00 94.38 + 3.03
92,00
90,00
24 hours before 24 hours after
anesthesia anesthesia

Fig. 4. Mean creatinine concentrations 24 hours before and
after anesthesia in the mesaticephalic and brachycephalic
groups

of both morphotypes showed a significant increase in
AST, ALT and ALP activities 24 hours after general
anesthesia compared to values before anesthesia if the
initial values were higher than 61.0, 91.0, and 156.0
U/l for AST, ALT and ALP, respectively. A significant
increase in serum creatinine concentration 24 hours
after anesthesia was also recorded in dogs of both mor-
photypes compared to initial concentrations (Fig. 4).
The results of this study partially overlap with data
from the literature. According to the literature (10),
increased hematocrit and hemoglobin concentrations
in brachycephalic dog breeds resulting from reduced
partial oxygen pressure secondary to hypoxia were
documented only in dogs with advanced BAOS. The
comparative analysis carried out by the authors sug-
gests that the basic hematological values in brachy-
cephalic dogs without airway obstruction typical of

BAOS did not differ significantly from values obtained
for mesaticephalic breeds (26). In the present study,
no significant differences were observed in the hema-
tological values obtained 24 hours after anesthesia,
which indicates the absence of anesthetic effect in
both morphotype groups and underlines that general
anesthesia can be performed without higher risk in
brachycephalic dogs.

Similar results were obtained when analyzing WBC
values, which were within reference ranges before
and after anesthesia in both morphotype groups. The
ophthalmic diseases in both the brachycephalic and
mesaticephalic dogs were related to eyelid defects
and cilia abnormalities. They were not responsible for
generalized inflammation that could be seen in the form
of leukocytosis on the leukogram. The inflammation
was localized to the eye (conjunctivitis) in both groups
of dogs. None of the dogs showed corneal disease or
trauma, that is, corneal ulcers. These observations were
consistent with the Read and Broun study (21), which
shows that entropion did not cause significant inflam-
mation resulting from surgical correction of the eyelid.
Inflammation secondary to surgical tissue damage and
postoperative stress is minimal during eyelid or cilia
correction and does not cause a strong inflammatory
response seen in the leukogram, as confirmed by the
results of this study. The less traumatic the surgical
intervention, the less inflammatory response is seen
(11). An additional factor that may significantly influ-
ence the inflammatory response is the brachycephalic
syndrome in short-nosed breeds. Dogs with advanced
BAOS may have elevated concentrations of inflam-
matory factors, such as TNF-a, IL-10 and IL-13.
Therefore, the diagnostic value of white blood cells in
brachycephalic dogs without BAOS or clinical signs
other than the ophthalmic signs of disease, is limited
in the pre- and post-anesthetic evaluation.

There were no significant differences between the
numbers of brachycephalic and mesaticephalic dogs
with elevated AST, ALT, ALP. AST and ALT were ele-
vated in 0.01% of brachycephalic and mesaticephalic
dogs, while ALP in 0.02% of the study population
(26). The remaining biochemical values did not differ.
Therefore the risk of subclinical changes found with the
aid of biochemical tests is the same for brachycephalic
and mesaticephalic breeds. Out of the biochemistry
parameters tested, AST, ALT and ALP were diagnosti-
cally useful in both morphotypes. These observations
confirm that anesthetic agents have an indirect effect
on hepatic cells and function by decreasing blood pres-
sure and causing hepatic ischemia and hypoxia (4, 9,
19, 24). This study also reveals a correlation between
liver enzyme activity and anesthesia: the greater the
activity of liver enzymes before anesthesia, the higher
the values will be after anesthesia. The significant
effect of general anesthesia on AST and ALT activities
when these exceed > 61 U/l and > 91 U/I, respectively,
should be useful in determining new practical upper
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limits of these enzymes in dogs before anesthesia. The
present study underlines the importance of determining
the increase in liver enzyme activity by showing that
with a more significant increase in these parameters
before anesthesia, a more severe increase occurs after
anesthesia (26). In addition, if the enzyme activity
exceeds the reference range, but is not higher than the
level mentioned above, ophthalmic operations can be
carried out without delay without causing significant
changes. Because the present study included only
a small number of dogs with ALP activity significantly
exceeding the reference range, a study on a larger
population of dogs should be carried out in order to
prove the same type of correlation. It must be under-
lined that the morphotype of the breed had no influence
on these results, as similar tendencies were noted in
both groups. This study shows that despite the proven
significant indirect effect of anesthesia on the kidneys
via hypotension, as well as decreased blood flow and
glomerular filtration in the kidneys (7), general anes-
thesia by accepted methods can be performed safely
without detriment to the kidneys. These changes occur
regardless of the morphotype and are comparable in
severity in both groups of dogs.

This study shows that, out of the laboratory param-
eters analyzed in both morphotype groups, it is ben-
eficial to monitor the activities of AST, ALT and ALP
during the perianesthetic period for ophthalmic eyelid
and cilia correction surgeries. The results of this study
suggest that it would be beneficial to take into account
new values of these enzymes, below which anesthesia
can be performed without harm to the patient.
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