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ABSTRACT

Feline arterial thromboembolism (ATE) is a condition with a high mortality rate. Acid-base
abnormalities may be beneficial to the prognosis of cats with ATE. Venous blood gas and
electrolytes data on the first day of ATE presentation of 47 cats with ATE were retrospectively
reviewed and analysed. The Cox and logistic regression were analysed to evaluate the relation-
ship between acid-base parameters and death. The most common venous acid-base disorder
was simple metabolic acidosis. Age, body weight, and partial venous pressure of carbon
dioxide (PvCO2) differed between the dead and alive groups within 7 days of the onset of
ATE presentation (p < 0.05). Cox-regression showed that increasing age (HR=1.175 [95% Cl:
1.027-1.343], p = 0.019), increasing PvCO2 (HR=1.066 [95% Cl: 1.010-1.125], p = 0.021) and
PvCO2 more than 34 mmHg (HR=7.878 [95% Cl: 1.036- 59.915], p = 0.046) were associated with
increased hazard of death. Multivariable logistic regression showed that age > 5 years
(OR=9.030, 95% Cl: 1.258- 64.823; p=0.029), and PvCO2 > 34 mmHg (OR=21.764, 95% Cl:
1.747-271.141; p=0.017) were associated with an increased risk of death, while concomitant
administration of enoxaparin with clopidogrel (OR=0.111, 95% CI: 0.015-0.795; p=0.029) were
associated with a decreased risk of death within 7 days of the onset of ATE presentation. This
study demonstrated the power of venous blood gas analysis which may be used as prognostic
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indicators for cats with ATE.

1. Introduction

Feline arterial thromboembolism (ATE) is an acute
and life-threatening condition when cats present to
the emergency unit. Cats with ATE have a high
mortality rate and poor prognosis. The survival
rate to discharge in cats with ATE has been
reported as 33-39% of cases [1-5]. The most com-
mon clinical signs include acute onset hindlimb
paralysis, pulselessness, pain, poikilothermy and
pallor of the extremities, typically affecting one or
both hindlimbs. Some cats with ATE have addi-
tional clinical signs related to concurrent problems
such as congestive heart failure or reperfusion
injury. The majority of ATE are secondary to
heart diseases and only a limited proportion to
hyperthyroidism, neoplasm or coagulopathies dis-
eases [6]. Rush and colleagues showed that the
most common cause of death in cats with hyper-
trophic cardiomyopathy (HCM) was ATE, followed
by congestive heart failure (CHF) and sudden car-
diac arrest [7]. ATE cats may have biochemical
changes such as elevated alanine aminotransferase,
glucose and creatinine, and these laboratory
changes may also provide information related to
survival [8].

Acid-base disorders are frequently found in critically
ill feline patients with diagnostic and prognostic rele-
vance [8-10]. The association between acid-based dis-
orders and mortality has been reported in various
critical conditions in cats such as advanced chronic
kidney disease and gastrointestinal obstruction [11-
13]. Venous blood gas analyses are valuable tests for
assessing acid-base status and measuring blood pH,
bicarbonate (HCO;™) level, venous carbon dioxide
level and anion gap (AG). Venous blood gases can
typically be used to evaluate metabolic acidosis,
a common acid-base disorder that has been reported
in 49% of dogs and cats [14].

The identification of acid-base disorders is likely to be
a valuable tool for the effective detection and treatment
of metabolic disorders in critically ill animals.
Considering that information on the usefulness of
venous blood gas analysis in cats with ATE is currently
sparse, whether acid-base balance assessment can help
clinicians in the clinical management of affected cats and
whether it can provide prognostic information remains
to be conclusively determined. Therefore, the present
study aimed to investigate venous acid-base alterations
associated with feline ATE and their association with
sudden death in a retrospective study of 47 cats
with ATE.
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2. Materials and methods
2.1. Ethical statement

The study was conducted at Faculty of Veterinary
Science, Chulalongkorn University, Thailand. Ethical
approval was not required for this study because of its
retrospective design. The database assessment was
approved by the Small Animal Teaching Hospital
Board committees.

2.2. Sample collection

Blood gas analysis of cats diagnosed with ATE during
2017-2020 at the Small Animal Teaching Hospital,
Faculty of Veterinary Science, Chulalongkorn
University, Thailand was retrospectively retrieved
from medical records. Venous blood gas analysis was
measured on the first arrival of cats presenting with
clinical signs of ATE without having received prior
treatment. Included cats were required to arrive at the
hospital within 24 hours of first presentation of ATE
signs. Heparinized blood samples for acid-base para-
meters and electrolyte concentrations were measured
immediately after sample collection using a point-of-
care device (RAPIDLab® 348, SIEMENS, Erlangen,
Germany).

The diagnosis of ATE was based on history and
clinical signs of limb paralysis with pulselessness,
pain, poikilothermy and pallor of the extremities at
presentation [3,15]. A Doppler device was used to find
the pulse on the affected limbs. If deemed clinically
necessary, ultrasonography was performed to confirm
the presence of arterial occlusion at the aortic trifurca-
tion. Both cardiogenic and non-cardiogenic ATE were
included. Cardiogenic causes were congenital and
acquired cardiac diseases [2,16]. Cats with and without
concurrent congestive heart failure (CHF) were all
included.

2.3. Variables

Blood gas and electrolyte variables included pH, par-
tial venous pressure of carbondioxide (PvCQO,), bicar-
bonate (HCO;), sodium (Na), potassium (K),
chloride (Cl) concentrations, haematocrit, and
anion gap.

Acid-base disorders were approached using tradi-
tional acid-base analysis and classified using the cri-
teria described by Hopper et al. [17].

2.4. Statistical analysis

Initial descriptive statistics included mean + standard
deviation for normally distributed data and median
and interquartile range (IQR) for non-normally dis-
tributed data. The Kolmogorov-Smirnov test was used
to test the normality of the data. Venous blood gas

measurements were compared with the reference
range in normal cats [17]. Alive or dead status of cats
on day 7 after ATE presentation was recorded and
used for blood gas analysis, Cox-regression and logis-
tic regression. The timing for the day 7 analysis was
chosen to follow a previous study [15]. The venous
blood gas was analysed using the traditional acid-base
diagnostic method. Student’s t-test or Mann-Whitney
U test was used to compare the numerical data
between the alive and dead groups. A p-value of <
0.05 was considered significant.

Cox-regression was applied to identify the hazard
risk factors associated with survival time in cats with
ATE. Survival time was recorded as the period from
the first day of the initial presentation of ATE signs to
the day of death. Cats with ATE, which died within the
first 7 days of ATE presentation, were used as status.
A p-value of <0.05 was considered significant. Kaplan-
Meier method was used to estimate the probability of
survival within 7 days of the onset of ATE presentation
based on the survival probability of the hazard risk
factor of interest.

Logistic regression was performed to develop the
prediction model of death within 7 days after the onset
of ATE presentation. For clinical relevance, we used
the cut-oft value for PvCO, of 34 mmHg, which was
the median PvCO, of cats presenting to the emergency
unit [17]; an age of 5 years, which was the age that
influenced the survival of cats with ATE [18]; and
a body weight of 3.5 kg, which represented the median
body weight of cats typically referred in our country
according to previous publications [19,20]. All catego-
rical factors that had a p-value of > 0.2 assessed by the
univariate logistic regression were subjected to multi-
ple logistic regression. Interaction and multicollinear-
ity between parameters were assessed. The backward
Wald elimination method was used to create the final
model. The model that met the majority of the statis-
tical model consumptions with the largest Nagelkerke
1’ was selected. The goodness of the statistical model
assumption included: the overall percentage from the
classification table was >70%, the Hosmer-Lemeshow
test was not significant (p > 0.05) and the area under
the receiver operating characteristic curve was > 0.80
[21]. A p-value of <0.05 was considered significant.
The commercial software SPSS version 22 (Inc,
Chicago, IL, USA.) was used for statistical analysis.

3. Results

This retrospective study included 47 cats with ATE
presented to the Small Animal Teaching Hospital,
Faculty of Veterinary Science, Chulalongkorn
University, Thailand during 2016-2020. The study
included 25 males (53.2%) and 22 (46.8%) females.
Cat breeds included 37 domestic shorthairs (78.7%),
7 Persians (14.9%), 2 Maine Coons (4.3%) and 1
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British Shorthair (2.1%). In twelve cats, the presence of
the arterial occlusion was confirmed at aortic trifurca-
tion by ultrasonography. Thirty-six cats (76.6%) were
diagnosed with cardiomyopathy assessed by echocar-
diography, including hypertrophic cardiomyopathy
(31/36, 86.11%) and restrictive cardiomyopathy
(RCM) (5/36, 13.89%). On electrocardiography, 6/27
cats had arrhythmias including atrial fibrillation (3/6,
50%), ventricular premature complex (2/6, 33.3%) and
mixed atrial fibrillation with ventricular premature
complex (1/6; 16.7%). All 6 cats with arrhythmias
had underlying heart diseases including hypertrophic
cardiomyopathy (3/6) and restrictive cardiomyopathy
(3/6). In addition, 23/36 (63.8%) cats had CHF (20 cats
had pulmonary oedema and 3 cats had both pulmon-
ary oedema and pleural effusion).

Ten cats (21.3%) had normal cardiac structure on
echocardiography. One cat did not have echocardio-
graphy. Three out of 10 cats with non-cardiogenic
ATE, showed ATE signs after ovariohysterectomy.
Three out of 10 cats had concurrent illnesses includ-
ing sepsis, Mycoplasma haemofelis infection and
feline leukaemia virus infection. No obvious diseases
were noted in the other 4 cats with non-cardiogenic
ATE.

Twenty-six cats (55.3%) were hospitalized for an
average of 6.3 days. Forty-one cats (87.2%) were anor-
ectic and received fluid supplementation with
Acetate’s Ringer solution, 32 cats (78%) received
fluid intravenously, and 9 cats (22%) received fluid
subcutaneously. The rate and volume of fluid therapy
depended on hydration status and individual require-
ment. Eight cats received oxygen supplementation via
oxygen cage during hospitalization. Twenty-one cats
with CHF were supplemented with fluid after CHF
was controlled with cardiovascular medications
because the cats still could not drink well. The total
volume of fluid therapy was given within one-third of
the daily fluid requirement in cats with CHF. The fluid
supplementation was stopped as soon as the cats were
able to drink properly. Twenty-nine cats (61.7%)
received analgesics including tramadol (21/29,
72.4%) at dose of 4 mg/kg subcutaneously q8-12 h,
morphine (6/29, 20.8%) at a dose of 0.2 mg/kg sub-
cutaneously q12h, fentanyl 25 pg/h transdermal patch
(1729, 3.4%) and gabapentin (1/29, 3.4%) at a dose of
5 mg/kg PO q12h.

Forty-six cats (97.8%) received anticoagulants and
antiplatelet agents including enoxaparin 1 mg/kg sub-
cutaneously q6-12 h and clopidogrel 18.75 mg per cat
PO q24h. Twenty-four cats (52.2%) received enoxa-
parin with clopidogrel, 13 cats (28.2%) received enox-
aparin only and 9 cats (19.6%) received clopidogrel
only. Twenty-two cats (46.8%) received furosemide
(2 mg/kg intravenously or orally q8-12 h) for the
treatment of CHF. One cat received no medication
due to the owner decision. None of the cats in this

study received oxygen supplementation, fluid therapy,
or medication prior to venous blood gas sampling for
blood gas analysis.

On day 7, 22/39 (56.4%) cats were alive and 17/39
(43.6%) cats died. Only 13 cats that died had specified
causes of death including CHF (4/13; 30.8%), eutha-
nasia (1/13; 7/7%), and sudden cardiac death presum-
ably caused by reperfusion injury (8/13; 61.5%).

The median age, body weight, day of survival, acid-
base and electrolyte levels on the first day of ATE
presentation of 47 cats are shown in Table 1. In this
study, cats with ATE had median values of pH, Na, K,
Cl, and HCO; that were below than the normal
reference range.

Traditional venous acid-base analysis showed an
abnormality in 30 cats with ATE. Seventeen cats had
normal acid-base results, 2 cats had simple respiratory
acid-base abnormalities, 12 cats had metabolic acid-
base abnormalities, and 7 cats had mixed abnormal-
ities (Table 2). The most common abnormality was
simple metabolic acidosis followed by respiratory
acidosis.

The medians of age, body weight, acid-base and
electrolyte levels on the first day of ATE presentation
of 39 cats divided into 2 groups: the dead and alive
groups within seven days of ATE presentation are
shown in Table 3.

Univariate Cox-regression was used to identify the
hazard risk factor associated with death of 27 cats that
died within 7 days of ATE presentation. Significant

Table 1. Venous blood gas analysis of 47 cats with arterial
thromboembolism (ATE).

Parameters Median (Q1 - Q3) Reference [14]
Age (years) 4 (2-7)

Bodyweight (kg) 435 (3.4-4.9)

Survival day (days) 7 (3-202)

pH 7.33 (7.276-7.374) 7.34-7.43
PvCO, (mmHg) 35.6 (31.7-39.8) 34-39
Sodium (mmol/L) 139 (134-145) 148-156
Potassium (mmol/L) 3.31 (2.79-4.26) 34-4.7
Chloride (mmol/L) 106 (100-114) 115-126
HCT 40 (36-44) 30-44
HCO;™ (mmol/L) 18.8 (15.7-20.6) 20-23
AG 17.2 (8.9-27.1) 16-20

AG: anion gap; HCO;™: bicarbonate; HCT: haematocrit; PvCO,: venous
partial pressure of CO

Table 2. Traditional acid-base diagnosis of 47 cats with arter-
ial thromboembolism (ATE).

Acid-base disorder

Number of cats (n = 47)

Normal acid-base 17 (36.2%)
Simple disorder

Respiratory acidosis 7 (14.9%)
Respiratory alkalosis 4 (8.5%)
Metabolic acidosis 12 (25.5%)
with normal AG 5(10.6%)
with increased AG 7 (14.9%)
Mixed disorder

Metabolic acidosis with respiratory acidosis 1 (2.1%)
Metabolic acidosis with respiratory alkalosis 6 (12.8%)

Total 47 (100%)
AG: anion gap
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Table 3. Comparisons of median (IQR) between the dead and
alive groups at day 7 after the arterial thromboembolism (ATE)
presentation of 39 cats.

Dead Alive (n =22/ Reference

Parameter (n=17/39) 39) [14] p-value*
Age (years) 5(3-9) 2.50 (1.75- 0.006
5.00)
Body weight ~ 4.80 (4.10- 4,125 (3.08- 0.039
(kg) 5.12) 473)
pH 7.33 (7.27- 7.35 (7.30- 7.34-7.43 0.221
7.37) 7.40)
PvCO, 36.70 (35.05- 33 (31.13- 34-39 0.034
(mmHg) 41.55) 38.70)
PvO, (mmHg) 38.50 (29.80- 37.15(28.23- - 0.900
43.45) 48.43)
Sodium 141 (135.5- 138.5 (133- 148-156 0.377
(mmol/L) 144.5) 142)
Potassium 3.59 (2.96— 3.015 (2.69- 3.4-47 0.081
(mmol/L) 4.31) 3.69)
Chloride 107 (100- 102.5 (97.75- 115-126 0.104
(mmol/L) 115.5) 109)
HCT 40 (36.5-41) 43 (33-46.25) 30-44 0.812
HCO3;™ (mmol/ 189 (17.65- 183 (15.38-  20-23 0.232
L) 20.6) 20.35)
Anion gap 12.3 (7.65- 20.35 (14.8- 16-20 0.243
26.95) 27.38)

*The p-value <0.05 represent the significant difference between the dead
and alive groups by

the Mann-Whitney U test

AnGap: anion gap; HCO;™: bicarbonate; HCT: haematocrit; PvCO,: venous
partial pressure of CO; PvO,: venous partial pressure of oxygen

factors included increased age (HR = 1.175 [95% CI:
1.027-1.343], p = 0.019), increased PvCO,
(HR = 1.066 [95% CI: 1.010-1.125], p = 0.021) and
PvCO, > 34 mmHg (HR = 7.878 [95% CI: 1.036-
59.915], p = 0.046). Kaplan-Meier Survival plots of
cats with PvCO, < 34 mmHg and PvCO,
> 34 mmHg at day 7 after the onset of ATE presenta-
tion are shown in Figure 1.

Univariate logistic regression showed that the sig-
nificant factors for death of cats within 7 days after
ATE presentation were age, specially > 5 years old;

increased PvCO,, specially > 34 mmHg; increased
body weight, specially > 3.5 kilograms; and combina-
tion treatment of enoxaparin and clopidogrel. Age of >
5 years old, PvCO, > 34 mmHg and combination
treatment of enoxaparin and clopidogrel were able to
predict the risk of death within 7 days after the onset
of ATE presentation from the multivariable logistic
regression (Table 4).

4. Discussion

The present study documented venous acid-base levels
associated with ATE and their association with death
in a retrospective study of 47 cats with ATE. Cats with
other critical illnesses may have abnormalities in oxy-
genation, ventilation, electrolytes and acid-base bal-
ance [11-13,22]. Evaluation of these parameters
should be recognized to detect the life-threatening
abnormalities in cats with ATE. To our knowledge,
this is the first study reporting the venous blood gas in
cats with ATE.

The majority of cats in this study were domestic
shorthair, similar to previous studies [1,2,18]. This
finding may reflect the high proportion of this breed
in Bangkok [23], not a true intrinsic predisposition of
this breed to ATE. There was no difference in the
incidence of ATE in males and females in this study.
The majority of cats (76%) had cardiogenic ATE. The
main cause of cardiogenic ATE was hypertrophic car-
diomyopathy (86%), similar to a previous study [18].
This result is probably due to the fact that HCM is the
leading cause of heart disease in cats in Thailand [18]
and other countries around the world [24]. Other
causes of ATE in this study could be related to post-
operative thrombosis, immune-mediated haemolytic
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Figurel. Kaplan Meier graphs compare survival time at day 7 after arterial thromboembolism (ATE) presentation between PvCO,

< 34 (blue line) and PvCO, > 34 (red line).
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Table 4. Risk factors related to death within 7 days after the onset of arterial thromboembolism presentation.

Univariate Logistic Regression

Multiple Logistic Regression ?

Variables Crude OR (95% Cl) p-value Adjusted OR (95% Cl) p-value
Age 1.243 (1.008-1.532) 0.042
Age>5 4.889 (1.246-19.190) 0.023 9.030 (1.258-64.823) 0.029
PvCO, 1.174 (1.005-1.371) 0.043
PvCO, > 34 19.20 (2.154-171.154) 0.008 21.764 (1.747-271.141) 0.017
Bodyweight 2.360 (1.043-5.338) 0.039
Bodyweight>3.5 9.143 (1.014-82.442) 0.049
Coadministration of enoxaparin and clopidogrel 0.205 (0.052-0.803) 0.023 0.111 (0.015-0.795) 0.029

Cl: confident interval; OR: odd ratio

®Hosmer-Lemeshow test (p > 0.05), overall percentage from classification table = 82.1%, area under the ROC curve = 0.876 and Nagelkerke r? = 0.576.

anaemia due to Mycoplasma haemofelis [25] and
severe inflammation secondary to septic state [26].
The underlying cause was not identified in 4 cats
with non-cardiogenic ATE in the present study. The
predisposing cause of ATE may be missed in some cats
subjected to antemortem diagnostic testing [2].
Therefore, a post-mortem diagnosis should be per-
formed to identify the underlying diseases causing
ATE. All cardiogenic ATE cats with cardiac arrhyth-
mias died within 7 days. This finding was consistent
with previous studies that HCM and RCM cats with
arrhythmia have a worse prognosis [27-29].
Approximately half of the cats affected with ATE in
this study had concurrent CHF similar to other studies
that reported CHF in 44-66% of cases with ATE [1-3].

The median pH, Na, Cl, K, and HCO;™ concentra-
tions of the cats in this study were below normal
limits. The pH indicates the acid-base status of
a patient. Acidosis occurs when the pH is below the
normal limit. This condition involves pathophysiolo-
gical processes that cause net accumulation of acid in
the body due to decreased plasma HCOj;™, increased
plasma CO, or both. In our study, the median HCO5™~
concentration was lower than the normal limit, indi-
cating the tendency towards metabolic acidosis, which
may be caused by lactic acid accumulation secondary
to tissue ischaemia and hypoxia in the ATE affected
limbs [30,35].

Sodium is present as charged particles in the aqueous
phase of body fluids. A probable likely cause of hypona-
traemia in the present study is concurrent CHF. The
dilution effect may result from markedly increased fluid
accumulation in the circulation, probably mediated by
nonosmotic release of arginine vasopressin (ADH) in
response to inadequate cardiac output [30]. Serum Cl
concentration can be altered by water balance (i.e. an
increase or decrease in free water) or by a gain or loss of
Cl. Changes in plasma Cl and Na concentrations are
proportional. To account for changes in water balance,
ClI concentration must be evaluated in conjunction with
changes in Na concentration; this approach permits the
division of ClI disorders into artifactual and corrected
changes. The corrected Cl concentration is calculated as
Cl x 156/Na. The normal corrected Cl concentration in
cats is approximately 117-123 mEq/L [31]. From our

results, the median corrected Cl concentration was 119
mEq/L, which is within the normal range. While Na is
the major extracellular cation, K is the major intracel-
lular cation in mammalian cells. In cats, the total body
K concentration is about 55 mEq/kg body weight.
Approximately 95% or more of the total body K is in
the intracellular fluid (ICF) while the remaining 5% is in
the extracellular fluid (ECF). During translocation of
K between the ICF and the ECF, serum K concentration
may change without alterations in total body K content.
Hypokalemia is associated with decreased K intake,
translocation of K between the ICF and the ECF, and
increased K loss. Anorexia is common in patients with
thromboembolism and is associated with hyperaesthe-
sia and/or CHF [31]. Hypokalemia in cats with ATE
may occur secondary to decreased K intake from anor-
exia. Hyperkalaemia may occur in cats with ATE sec-
ondary to an exchange of K+ and H+ in a state of
acidosis or reperfusion injury [30]. None of the cats in
this study had hyperkalaemia (K+>5.5 mEq/L) because
hyperkalaemia is not common in the acute phase of
ATE but may be developed during treatment from
reperfusion  of ischaemic hindlimb  muscles.
Reperfusion syndrome is found in 40-70% of cats
after thrombolytic therapy and is the most common
cause of death [14].

The alive or dead status of cats on day 7 after ATE
presentation was reported and used for blood gas
analysis, Cox-regression and logistic regression. This
time point was chosen for two reasons: (1) the median
survival time of cats with ATE in this study was
approximately 7 days and (2) in a previous study, the
authors found numerous predictors of mortality
within 7 days of ATE presentation but no significant
predictors after 7 days [15].

Approximately one-third of the cats with ATE in
this study had normal acid-base balance on the first day
of ATE presentation, but nearly half of them died
within 7 days. The most common acid-base disorder
in cats in this study was simple metabolic acidosis,
which is the most common acid-base disorder in criti-
cally ill cats and dogs [14]. Metabolic acidosis is asso-
ciated with several diseases and conditions. Metabolic
acidosis with an increased anion gap can be caused by
tissue ischaemia of ATE or stagnant circulation with
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lactic acidosis and hypoxia, which can occur in cats
with CHF [30,32]. In contrast, metabolic acidosis with
a normal anion gap can be caused by post-hypocapnia
due to hyperventilation from acute and severe pain
during the onset of ATE [32]. Respiratory acidosis
was the second most common acid-base disorder in
this study. Respiratory acidosis is a more serious com-
plication and indicates the presence of respiratory
insufficiency which may occur secondary to pulmonary
oedema. Respiratory acidosis may also occur due to
decreased alveolar ventilation caused by neuromuscu-
lar abnormalities associated with hypokalemia (K+ <3
mEq/l) and depression of the respiratory centre
induced by narcotics, namely morphine and tramadol,
which were used as analgesics in this study [33,34].
Cats that died within 7 days of ATE presentation were
older, heavier, and had higher PvCO, compared with those
that were alive, suggesting that cats with these characteristics
have a poor prognosis. Similar findings have been reported
in previous studies, which found that older cats with ATE
had an increased risk of death [2,36]. Older cats may have
concurrent or covert age related diseases that may affect
mortality and prognosis. In human medicine, the associa-
tion between obesity and thrombosis has been mentioned
previously [37]. Chronic inflammation and impaired fibri-
nolysis have been proposed as major mechanisms of
thrombosis in obese people [38]. However, the relationship
between body weight and survival in cats with ATE has
never been reported. Electrolytes between the dead and
alive groups were not different. There was an increased
hazard of death within 7 days of ATE presentation in cats
with older age and elevated PvCO,, particularly in cats with
PvCO, > 34 mmHg, which had an 8-fold increased hazard
of death. PvCO, > 34 mmHg may indicate severe condi-
tions such as respiratory muscle fatigue or respiratory failure
[32], which may affect survival in cats with ATE. This
finding suggests that PvCO, from venous blood gas analysis
may be useful in predicting the prognosis of cats with ATE.
Univariate logistic regression showed that older, heavier
cats with higher PvCO, had a higher risk of dying from
ATE, whereas co-administration of enoxaparin and clopi-
dogrel reduced the risk of death for cats with ATE. Cut-offs
of > 5 years old of age, a PvCO, of > 34 mmHg, and a body
weight of > 3.5 kg were chosen for clinical use. Multivariable
logistic regression showed that age > 5 years and PvCO,
> 34 mmHg were associated with an increased risk of death
(5-and 19-fold, respectively) within 7 days of ATE, with cats
aged > 5 years having shorter survival [18], indicating
a better prognosis in younger cats developing ATE.
Elevated PvCO, from venous blood gas analysis indicated
a worse prognosis. In addition, administration of enoxa-
parin and clopidogrel in combination may increase survival
in cats with ATE by reducing thrombus formation through
the dual action of the anticoagulants of enoxaparin and
antiplatelet agents of clopidogrel [39]. Interestingly, the
additional administration of either enoxaparin or clopido-
grel alone was not associated with a reduced risk of death in

cats with ATE in this study. This is the first time the
concomitant administration of the two drugs has been
shown to be statistically superior to clopidogrel or enoxa-
parin alone in terms of survival.

This study had some limitations. Venous samples for
blood gas analysis were obtained from peripheral vessels of
unaffected limbs in conscious, restrained cats. Therefore,
possible  stress induced fluctuations may
Hyperventilation may be related not only to acidosis result-
ing from ATE but also to stress and fear from restraint.
Another limitation was the retrospective design of the
study. Missing data may influence the statistical analysis.

occur.

5. Conclusion

This study demonstrated the association between venous
blood gas analysis and prognosis in cats with ATE. The
novel baseline blood gas analysis of cats with ATE was
presented. One-third of cats with ATE had normal acid-
base balance, whereas metabolic acidosis was the most
common acid-base disorder. Cats with ATE with PvCO,
>34 mmHg had an 8- fold increased hazard of death within
7 days of ATE presentation compared with cats with
PvCO, < 34 mmHg Age > 5 years, and PvCO,
> 34 mmHg were associated with an increased risk of
death, whereas concomitant administration of enoxaparin
and clopidogrel was associated with a decreased risk of
death within 7 days of ATE presentation. This study
found that age and PvCO, from venous blood gas analysis
may be used as prognostic indicators for cats with ATE.

Acknowledgments

The authors were grateful to the H.M. the King Bhumibhol
Adulyadej’s 72™ Birthday Anniversary Scholarship and all the
staff at Small Animal Teaching Hospital, Faculty of Veterinary
Science of Chulalongkorn University, Bangkok, Thailand.

Disclosure statement

We wish to confirm that there are no known conflicts of
interest associated with this publication and there has been
no significant financial support for this work that could have
influenced its outcome.

Funding

This work was supported by the The 90th Anniversary of
Chulalongkorn University Fund (Ratchadaphiseksomphot
Endowment Fund) [-]; the h.m. the king bhumibhol adu-
lyadej’s 72nd birthday anniversary scholarship [-].

References

[1] Laste NJ, Harpster NK. A retrospective study of 100
cases of feline distal aortic thromboembolism:
1977-1993. ] Am Anim Hosp Assoc. 1995;31(6):492-
500. 2.



50 (&) J.TOSUWAN ET AL.

(2]

(5]

[10]

(11]

(12]

[13]

(14]

[15]

(16]

(17]

(18]

Smith SA, Tobias AH, Jacob KA, et al. Arterial throm-
boembolism in cats: acute crisis in 127 cases
(1992-2001) and long-term management with
low-dose aspirin in 24 cases. J Vet Intern Med.
2003;17(1):73-83.

Schoeman JP. Feline distal aortic thromboembolism:
a review of 44 cases (1990-1998). ] Feline Med Surg.
1999;1(4):221-231.

Moore KE, Morris N, Dhupa N, et al. Retrospective
study of streptokinase administration in 46 cats with
arterial thromboembolism. ] Vet Emerg Crit Care.
2000;10(4):245-257.

Welch KM, Rozanski EA, Freeman LM, et al
Prospective evaluation of tissue plasminogen activa-
tor in 11 cats with arterial thromboembolism. J Feline
Med Surg. 2010;12(2):122-128.

Luis Fuentes V. Arterial thromboembolism: risks,
realities and a rational first-line approach. ] Feline
Med Surg. 2012;14(7):459-470.

Rush JE, Freeman LM, Fenollosa NK, et al
Population and survival characteristics of cats with
hypertrophic cardiomyopathy: 260 cases (1990-1999).
J Am Vet Med Assoc. 2002;220(2):202-207.
Fitzsullivan E, Salim A, Demetriades D, et al.
Bicarbonate may replace the arterial base deficit in
the trauma intensive care unit. Am J Surg. 2005;190
(6):961-967.

Martin M, Murray ], Berne T, et al. Diagnosis of
acid-base derangements and mortality prediction in
the trauma intensive care unit: the physicochemical
approach. ] Trauma. 2005;58(2):238-243.

Kaplan L], Kellum JA. Initial pH, base deficit, lactate,
anion gap, strong ion difference and strong ion gap
predict outcome from major vascular injury. Crit
Care Med. 2004;32(5):1120-1124.

Hayes G, Mathews K, Doig G, et al. The feline acute patient
physiologic and laboratory evaluation (Feline APPLE)
score: a severity of illness stratification system for hospita-
lized cats. ] Vet Intern Med. 2011;25(1):26-38.

Elliott ], Syme HM, Reubens E, et al. Assessment of
acid-base status of cats with naturally occurring
chronic renal failure. J Small Anim Pract. 2003;44
(2):65-70.

Lantz GC. The pathophysiology of acute mechanical
small bowel obstruction. Compend Contin Educ
Pract Vet. 1981;3:910-918.

Hopper K, Epstein SE. Incidence, nature and etiology
of metabolic acidosis in dogs and cats. ] Vet Intern
Med. 2012;26(5):1107-1114.

Borgeat K, Wright J, Garrod O, et al. Arterial
thromboembolism in 250 cats in general practice:
2004-2012. J Vet Intern Med. 2014;28(1):102-108.
Luis Fuentes V, Abbott J, Chetboul V, et al
ACVIM consensus statement guidelines for the
classification, diagnosis, and management of cardi-
omyopathies in cats. ] Vet Intern Med.
2020;34:1062-1077.

Hopper K, Epstein SE, Kass PH, et al. Evaluation of
acid-base disorders in dogs and cats presenting to an
emergency room. Part 1: comparison of three meth-
ods of acid- base analysis. ] Vet Emerg Crit Care.
2014;24(5):493-501.

Surachetpong SD, Pairor S, Atiptamvaree T, et al.
Survival time and factors influencing survival time
in cats with arterial thromboembolism in Thailand.
Thai ] Vet Med. 2020;50(2): 149-154

(19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

Pusoonthornthum R,  Pusoonthornthum P,
Osborne CA. Risk Factors for Feline Lower Urinary
Tract Diseases in Thailand. Thai ] Vet Med. 2012;42
(4):517-522.

Rungpupradit J, Sutthigran S. Comparison between con-
ventional and applied vertebral heart score (VHS) methods
to evaluate heart size in healthy Thai domestic shorthair
cats. Thai ] Vet Med. 2020;50(4):459-465.21.

Hosmer DW, Lemeshow §S. Applied Logistic
Regression. 2nd ed. New York: John Wiley and
Sons; 2000. p. 160-164.

Tamura J, Itami T, Ishizuka T, et al. Central venous
blood gas and acid-base status in conscious dogs and
cats. ] Vet Med Sci. 2015;77(7):865-869.

Hunprasit V, Tanrattana C, Pengpis S. Epidemiology
of characteristics and risk factors for overweight in
cats visiting an animal hospital in Bangkok, Thailand.
Thai ] Vet Med. 2019;49(2):107-111.

Payne ], Luis Fuentes V, Boswood A, et al. Population
characteristics and survival in 127 referred cats with
hypertrophic cardiomyopathy (1997 to 2005). ] Small
Anim Pract. 2010;51(10):540-547.

McCullough S. Immune-mediated hemolytic anemia:
understanding the nemesis. Vet Clin North Am Small
Anim Pract. 2003;33(6):1295-1315.

Goggs R, Hackner SG. Haematological emergencies.
In: Gloucester MO, editor. BSAVA Manual of Canine
and Feline Emergency and Critical Care. 3rd ed.
London: BSAVA; 2018. p. 210-235.

Payne J, Borgeat K, Connolly D, et al. Prognostic
indicators in cats with hypertrophic cardiomyopathy.
J Vet Intern Med. 2013;27(6):1427-1436.

Chetboul V, Passavin P, Trehiou-Sechi E, et al. Clinical,
epidemiological and echocardiographic features and prog-
nostic factors in cats with restrictive cardiomyopathy:
a retrospective study of 92 cases (2001-2015). ] Vet Intern
Med. 2019;33(3):1222-1231.

Romito G, Guglielmini C, Mazzarella MO, et al.
Diagnostic and prognostic utility of surface electro-
cardiography in cats with left ventricular
hypertrophy. J Vet Cardiol. 2018;20(5):364-375.
DiBartola SP. Metabolic acid-base disorders. In:
DiBartola SP, editor. Fluid, Electrolyte and Acid-
Base Disorders in Small Animal Practice. St Louis:
Saunders; 2012. p. 253-286.

Johnson RA, de Morais HA. Respiratory acid-base
disorders. In: DiBartola SP, editor. Fluid, electrolyte,
and acid-base disorders in small animal practice. 4th
ed. St. Louis: Elsevier; 2012. p. 292-298.

Morais HA, 1992, Chloride ion in small animal practice:
the forgotten ion. ] Vet Emerg Critic Care. 2:11-24.
Teppema LJ, Nieuwenhuijs D, Olievier CN, et al
Respiratory depression by tramadol in the cat: involvement
of opioid receptors. Anesthesiology. 2003;98(2):420-427.
Teppema L], Van Dorp E, Gourabi BM, et al. Differential
effect of morphine and morphine-6-glucuronide on the
control of breathing in the anesthetized cat.
Anesthesiology. 2008;109(4):689-697.

Redavid LA, Sharp CR, Mitchell MA, et al
Hyperlactatemia and serial lactate measurements
in sick cats. J Vet Emerg Crit Care. 2016526
(4):495-501.

Tantisuwat L, Puangampai P, Panpakdee P, et al.
Survival time and prognosis factors in hypertrophic
cardiomyopathy cats with congestive heart failure.
Thai ] Vet Med. 2018;48(4): 655-662



INTERNATIONAL JOURNAL OF VETERINARY SCIENCE AND MEDICINE . 51

[37] Darvall KAL, Sam RC, Silverman SH, et al. Obesity [39] Blais MC, Bianco D, Goggs R, et al. Consensus on the

and thrombosis. Eur ] Vasc Endovasc Surg. 2007;33 rational use of antithrombotics in veterinary critical
(2):223-233. care (CURATIVE): domain 3-defining antithrombo-
[38] Blokhin IO, Lentz SR. Mechanisms of thrombosis in tic protocols. J Vet Emerg Critic Care. 2019;29

obesity. Curr Opin Hematol. 2013;20(5):437-444. (1):60-74.



	Abstract
	1. Introduction
	2. Materials and methods
	2.1. Ethical statement
	2.2. Sample collection
	2.3. Variables
	2.4. Statistical analysis

	3. Results
	4. Discussion
	5. Conclusion
	Acknowledgments
	Disclosure statement
	Funding
	References

