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Abstract

Objectives The aim of this study was to investigate the impact of tissue plasminogen activator (TPA) on the treatment
of feline aortic thromboembolism (FATE).

Methods Cats diagnosed with FATE involving =2 limbs were enrolled in a prospective, multicenter, double-blinded,
randomized, placebo-controlled study within 6h of an event. Diagnosis was made by clinical findings and one
confirmatory criterion. Cats received placebo or TPA (1 mg/kg/h with the first 10% by bolus). All cats received pain
control and thromboprophylaxis. The primary outcome was a change from baseline in a published limb score at
48h. Secondary outcomes included 48h survival, survival to discharge and complication proportions. Statistical
analyses included pattern-mixture models, logistic regression and Fisher’s exact, Student’s - and Mann-Whitney—
Wilcoxon tests.

Results Based on a power analysis, 40 cats were enrolled; however, only 20 survived to 48h (TPA, n=12; placebo,
n=8 [P=0.34]). There was a statistically significant improvement in limb scores compared with baseline for both
groups (P <0.001). Limb score at 48h was 1 point lower (better) in the TPA group (P=0.19). Thrombolysis had no
statistically significant effect on 48h survival (P=0.22). Lower affected limb lactate was associated with better 48h
survival (odds ratio 1.53, 95% confidence interval 1.08-2.17; P=0.02). The survival to discharge rates were 45%
(TPA) and 30% (placebo; P=0.51). Complications in the TPA and placebo groups included acute kidney injury (22%
and 19%, respectively; P=1.00) and/or reperfusion injuries (33% and 19%, respectively; P=0.45).

Conclusions and relevance Survival and complication rates of acute FATE were not different with or without
thrombolysis. High in-hospital mortality decreased the statistical power to detect a statistically significant difference
between treatments with regard to our primary outcome.
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Introduction
The clinical syndrome of feline aortic thromboembo-
lism (FATE) is initiated by the sudden migration of a left
atrial thrombus into the systemic arteries.!? This leads
to an acute disorder characterized by signs of ischemia,
severe pain, paralysis and eventual rhabdomyolysis in
the affected limb(s). The prognosis of FATE is considered
poor, with the rate of euthanasia as high as 90% in some
reports, often without any attempted treatment.3* With
treatment, the published survival to discharge rates from
retrospective studies are between 27% and 45%.37

Thrombolysis using tissue plasminogen activator
(TPA) or other thrombolytic agents has been described
since as early as the 1960s in FATE, and early treatment
is the standard of care in many thromboembolic dis-
eases in people, although rarely attempted in FATE.3-12
Combining 377 cases from the two largest retrospective
studies in FATE, only 1% of cases received a thrombolytic
(streptokinase in all four cases).>® Lack of efficacy and
risks of reperfusion injury (RI) are common concerns sur-
rounding thrombolysis in this syndrome.” 314 However,
a recent multicenter retrospective study that investigated
analgesia and thromboprophylaxis without thrombolysis
revealed that 50% and 27% of cats treated for FATE will
develop RI or acute kidney injury (AKI), respectively. No
evidence of a difference in the proportion of cats develop-
ing RI or AKI was seen compared with the group that was
treated with systemic intravenous (IV) TPA within 6h of
a FATE event.! Rapid and non-invasive FATE detection
using thermal imaging and the clinical effectiveness of
some thromboprophylactic agent(s) have recently been
published, making early detection and long-term treat-
ment options more available.!>-17

A randomized, international, placebo-controlled pro-
spective study was designed to assess the impact of early
(within 6h of a known event) thrombolysis with TPA on
cats suffering from bilateral FATE. We hypothesized that
early thrombolysis would be associated with a short-term
improvement of motor function vs no thrombolysis. A
secondary outcome was to prospectively describe the
natural progression of FATE cats hospitalized for treat-
ment of their disease, including 48 h survival and survival
to discharge, as well as the identification of prognostic
factors for survival.

Materials and methods
The study was conducted at four veterinary practices in
two countries, including (in alphabetical order) Angell
Animal Medical Center, Boston, MA, USA; North
Carolina State University, Raleigh, NC, USA; The Ohio
State University, Columbus, OH, USA; and VetAgroSup-
Lyon Campus, Lyon, France, between 1 January 2015 and
1 August 2019.

The work described herein involved the use of owned
animals and procedures that differed from established
internationally recognized high standards of veterinary

clinical care for the individual cat due to the randomized
nature of the study. The study therefore had prior ethi-
cal approval from an established committee at each of
the participating locations. Informed written consent was
obtained from the owner or legal custodian of all cats
described in this study for all procedure(s) undertaken.

To be eligible for enrolment, a cat needed to be able
to be treated within 6 h of having a witnessed or known
episode of FATE, regardless of the underlying etiology.
This was determined if the owner noticed the cat sud-
denly vocalizing, being acutely down in the hindlimbs or
was seen walking normally prior to the aforementioned
time frame. The putative time from the onset of FATE to
admission was determined based on history. Diagnosis
was suspected based on clinical observations of any limb
affected by the following five criteria: pale, cold, pulse-
less, painful and lacking motor function. At least one
of the following additional criteria was used to confirm
the diagnosis: lack of Doppler flow in the affected limbs,
low glucose or high lactate in the affected limb compared
with the non-affected limb, or vascular ultrasound.

Exclusion criteria for study entry were an inability
to reasonably identify the onset of the FATE event, the
involvement of only one limb or the inability to start
treatment with TPA or placebo within 6h of the FATE
event. Additionally, cats in moribund condition or not
expected to survive for the duration of the 48h study
(eg, due to shock) were not entered into the study. Cats
could not be enrolled in the study more than once.

After determination that the cat could be enrolled in
the study, the cat was randomized to receive either TPA
or saline placebo IV. A dose of 1 mg/kg of TPA (maximum
6mg) or an equivalent volume of 0.9% NaCl (1ml/kg;
maximum 6 ml) was administered (Alteplase [Cathflo
activase]; Genentech). A web-based, centralized elec-
tronic randomization center was used (https://vet.osu.
edu/tpa-registration). According to a previously pub-
lished protocol, TPA or a corresponding volume of 0.9%
NaCl would be given over 1h, with 10% of the volume
injected as an initial bolus.!1? Repeated dosing was
not allowed. Owners and all personnel (eg, emergency
and critical care clinicians, cardiologists and veterinary
technicians) involved in case management, including
the person administrating the TPA /placebo and peo-
ple involved in limb scoring, were blinded to group
allocation.

Pain control and thromboprophylaxis were standard-
ized across all institutions. Pain management included
opiate analgesics such as fentanyl or buprenorphine.
Thromboprophylaxis was started after the study drug
was administered using a low molecular weight hepa-
rin (LMWH) such as enoxaparin at 1mg/kg SC q8-12h,
or an equivalent dosage of an alternative LMWH such as
dalteparin. Clopidogrel was administered at 17.5mg/cat
PO q24h within 12h of admission. Therapy for congestive
heart failure (CHF) and other cardiac medications was
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Table 1 Limb score based on physical examination”

1 2

Limb function score Pulse present, strong

motor activity

Pulse present, weak
motor activity

3 4

Pulse present,
no motor activity

No pulse, no motor
activity

Score is determined for each limb and added. Minimum would be 4 if all limbs are normal; maximum would be 16 if all four limbs have no motor

activity and no pulse

permitted according to clinician’s preference. Cats alive at
12h had a predetermined recheck of packed cell volume
(PCV), total plasma protein (TP), serum electrolytes and
renal function tests.

The primary outcome for this study was the change
over time in a previously described limb score based on
physical examination findings during a 48 h period (Table
1).17 Limb score was calculated immediately prior to TPA
or placebo administration and 6, 12, 24 and 48 h thereafter.
Improvement of limb function was defined as a decrease
in limb scores =3 between the initial and the last limb
score performed. Clinical improvement was defined as
an improvement of the limb score, or if motor function
improved as recorded in the medical record. Secondary
outcomes were 48h survival and survival to discharge.
Short-term outcomes were chosen because the short half-
life of thrombolytics (ie, 5mins) would theoretically only
impact short-term outcome, and this approach reduced
the risks of non-thrombolysis factors influencing out-
come.!® Demographic, physical examination and clinico-
pathologic variables, complications and other outcomes
were recorded.

As cats in CHF receiving diuretics would likely see
increases in serum creatinine, AKI was defined as a 100%
increase of serum creatinine concentration between two
time points, as previously described.!1%20 RI was defined
as an increase in serum potassium above the institutional
laboratory reference interval without a concurrent rise
in blood urea nitrogen and creatinine, as previously
described.! When a rise in creatinine preceded a rise in
potassium, it was classified as AKI. When a rise in potas-
sium preceded the rise in creatinine, it was classified as
RI. If both rises were concurrent or too challenging to
appropriately reconcile, it was classified as both AKI and
RI but analyzed with the AKI group.!

Sample size calculations were performed for the pri-
mary outcome measured (ie, change of limb score) with
the assumption that a linear mixed model procedure
would be used for data analysis. For a balanced design (1:1
allocation) of 40 total cats, the statistical power to detect a
change in limb score of =3 was estimated to be >80%. For
the survival to 48h outcome, 20 cats per treatment group
were projected to detect a doubling of survival propor-
tions (80% vs 40%; with a two-tailed statistical power of
76%; and a difference of 80% vs 35% with a two-tailed sta-
tistical power of 84.5%). These outcomes were considered
clinically relevant by the investigators a priori.

Statistical analyses

The normality of continuous data was tested using the
d’Agostino—Pearson test. Normally distributed data are
presented with mean * SD, and non-normally distributed
data are presented as median (range). Data are presented
as median (range) if one of the groups (ie, TPA or placebo)
was non-normally distributed. All analyses were under-
taken on an intention-to-treat basis. Differences in nomi-
nal data between TPA patients and the placebo group
were tested using a y2 or Fisher’s exact test (if a cell had
anumber <5) for categorical data. Continuous data were
compared using a Student’s t-test or a Mann-Whitney—
Wilcoxon test, as appropriate for distribution.

The change in limb score was examined using ANOVA
for repeated measures, with Bonferroni correction for cats
that completed the 48h study. To evaluate differences
between groups for cats that did not complete the 48h
study, a pattern mixture model was used. This model is
an extension of the linear mixed model and better handles
missing data where the missingness is related to the value
(eg, how worsening limb scores will mean a patient is
more likely to die/be euthanized and so not have later
observations).?! The full model consisted of time from
onset to administration, presence/absence of CHF, rec-
tal temperature at admission, affected limb lactate value
and geographic site of enrollment, along with the inter-
actions between onset to administration time and TPA
treatment as the main effect and outcome. Limb score
was the dependent variable, treated as numeric. Model
selection was performed via Satterthwaite’s method to
approximate degrees of freedom.

Factors influencing 24 h survival, 48h survival and
survival to discharge were examined via multiple logis-
tic regression. Rectal temperature, CHF, treatment group
(TPA or placebo), geographic site of enrollment, 12h
venous lactate and affected limb lactate were included as
independent variables with patient status (alive or dead /
euthanized) as the dependent variable. Forward selec-
tion was carried out via the Akaike information criteria,
with the minimal model being one with only treatment
as an independent variable and the number of permit-
ted variables being decided by the number of patients in
the smaller of the outcome groups to allow 5-9 patients
per variable. Patients with missing values in considered
variables were not included in the forward selection pro-
cedure due to requirements of constant sample size for
model comparisons. On selection of a model, previously
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excluded patients were reintroduced. Receiver operat-
ing characteristic (ROC) curves were calculated for fac-
tors shown to statistically influence survival outcomes.
Statistical significance was set at P <0.05.

After enrolling the target number of 40 cats, the fund-
ing agency requested data analysis in a blinded fashion.
The primary author (JG) was provided each patient’s
treatment group as A or B, without the knowledge of
treatment allocation. Statistical analysis was performed,
the recruitment was stopped and the authors were then
unblinded to treatment allocation.

Results
Demographics and patient characteristics
Forty cats were enrolled between January 2015 and July
2019, with 17 enrolled at North Carolina State University,
nine at Lyon VetAgroSup, eight at The Ohio State
University and six at Angell Animal Medical Center. All
analyses were performed on 40 cats as the intention-to-
treat group (Figure 1). Thirty-seven cats were in the per-
protocol group: one cat in the TPA group had one limb
affected and one received TPA with the FATE event hap-
pening 6.25h prior to treatment. One cat in the placebo
group never received the drug as the IV catheter became
dislodged and the cat died shortly after admission.
Affected breeds included 29 domestic shorthairs, four
domestic mediumbhairs, three domestic longhairs and one
each of the following breeds: Sphynx, Bengal, Scottish

Fold and Maine Coon. Thirty cats were castrated males
and 10 cats were female, nine of which were spayed.

There were no significant differences in admission
characteristics between TPA and placebo groups (Table 2).
Three cats in the TPA group and one cat in the placebo
group weighed >6kg (P =0.61).

FATE was confirmed with one or more methods,
including differential glucose measurements (n=28), dif-
ferential lactate measurements (n = 26), vascular ultra-
sound (n=8) or lack of Doppler flow in affected limbs
(n=7). Median glucose in the affected limb was 100mg/dl
(range 26-396) vs 280mg/dl (range 112-438) in the nor-
mal limb (P <0.0001). Mean lactate in the affected limb
was 11.3 =3.5mmol/1 vs 3.4 =1.2mmol/] in the normal
limb (P <0.0001).

Confirmed or suspected heart disease using point-
of-care ultrasound (POCUS) or full echocardiography at
admission was present in 95% of the cats in the TPA group
and 90% of the cats in the placebo group. One cat in the
TPA group had neoplasia as the suspected cause of FATE
and another cat had an unknown cause of FATE, due to
lack of POCUS or echocardiography. Two cats in the pla-
cebo group had neoplasia as the suspected cause of FATE.
Diagnosis of CHF by thoracic radiographs at admission
was present in 85% of cats in the TPA group and 60% of
cats in the placebo group (P = 0.015; Table 2).

Spontaneous echogenic contrast was noted by echo-
cardiography in 25% of cats in the TPA group vs 55% in

Enrollment ‘ Enrolled and randomized (n=40) ‘
Allocated to receive placebo (n=20)
Allocation “ Received placebo (n=19)
" Did not receive placebo due to catheter dislodgment (n=1)
6 Hours 6 Hours
19 cats alive / 1 cats spontaneously died / — — 17 cats alwe/} cats spontaneously died /
. 0 cats euthanized
0 cats euthanized
12 Hours > | 16catsalive /3 cat pontoncously d/
18 cats alive / 2 cats spontaneously died / D cats alive /3 cats spontaneously die
. 1 cats euthanized
0 cats euthanized
24 Hours Fellee 24 Hours
S R .
15 cats alive / 3 cats spontaneously died / — 13 cats allve/} cats spontaneously died /
2 cats euthanized 4 cats euthanized
36 Hours X 36 Hours .
14 cats alive / 3 cats spontaneously died / «—t — 10 cats alive /,3 cats spontaneously died /
3 cats euthanized 7 cats euthanized
Primary Outcome o . =
. 9 cats with limb scores at 48 hours
Analysis
48 Hours
" . 48 Hours
12 cats ahve/.S cats spontaneously died / - 8 cats alive / 3 cats spontaneously died /
5 cats euthanized .
Secondary 9 cats euthanized
Outcome Analysis
Survival to Discharge Survival to Discharge
9 cats discharged alive / 4 cats spontaneously died / 6 cats discharged alive / 3 cats spontaneously died /
7 cats euthanized 11 cats euthanized

Figure 1 Patient flow diagram for 40 cats diagnosed with feline aortic thromboembolism (FATE) enrolled in a prospective
study in a tissue plasminogen activator (TPA) group (20 cats) and saline placebo group (20 cats). *One cat in the TPA group
was alive at 48h but did not get a limb score; one cat in the placebo group had a limb score performed immediately before

euthanasia at the 48h mark



Guillaumin et al

e539

Table 2 Admission data and feline aortic thromboembolism (FATE) characteristics in 40 cats enrolled in a prospective,
multicenter, blinded, randomized, placebo-controlled study within 6h of an event

the placebo group (P =0.30), and a left atrial or auricular
thrombus was present in none of the TPA group vs 22%
in the placebo group (P =0.11).

FATE characteristics
Times from the suspected onset of FATE to admission,
from admission to TPA or placebo administration, as well
as the time from onset of FATE to TPA or placebo are
presented in Table 2.

Treatment

Cats in the TPA group received a median of 5.15mg
(range 3.7-6.0) of TPA, with 10% of the dose given over
1min IV as a loading dose. Cats in the placebo group
received a median volume of 5.10ml (range 2.3-6.0) NaCl
0.9%, with 10% of the dose given over 1min IV as a load-
ing dose (P =0.97).

Cats in the TPA group received supportive care,
including analgesia (n = 20), thromboprophylaxis with
clopidogrel (n=20), and enoxaparin (n=11) or daltepa-
rin (n =9), as well as treatment for cardiac disease if appli-
cable, including oxygen (n = 10), furosemide (n = 16),
pimobendan (n=8), dobutamine (n = 2), benazepril
(n=1), mirtazapine (n=1) or diltiazem (n=1). Cats in
the placebo group received supportive care, including
analgesia (n = 20), thromboprophylaxis with clopidogrel
(n=19), and dalteparin (n = 14) or enoxaparin (n =6), as
well as other treatments such as oxygen (n=11), furo-
semide (n =11), pimobendan (n =10), sotalol (n=2),
dobutamine (n = 1), magnesium sulfate (n =1), IV fluids

(n=1), tranexamic acid (n =1), alfaxolone (n = 1), maro-
pitant (n=1) or gabapentin (n=1).

Primary outcomes

Using ANOVA for repeated measures for cats that com-
pleted the 48h study period, there was a statistically
significant improvement in limb score compared with
baseline for the TPA group (n=11; P <0.01) and the pla-
cebo group (n=29; P <0.01), as shown in Figure 2 and
Table 3. A decrease in limb score of =3 was found in 35%
of the cats in the TPA group vs 20% of the cats in the
placebo group, but the difference was not statistically
significant (P = 0.48). Clinical improvement in limb func-
tion during hospitalization was present in 60% of the TPA
group and 40% of the placebo group (P =0.21). Using a
pattern-mixture model, the limb score was approximately
1 point lower in the TPA group than in the placebo group
(P=0.19; Figure 2).

Secondary outcomes: survival

Twenty cats completed the 48 h study: 11 in the TPA group
and nine in the placebo group. The number of surviving
cats decreased at each time point over the study period
due to natural death or euthanasia (Figure 2). Overall,
5/6 cats that did not survive to 12h died spontaneously,
including the cat with dislodgment of the intravenous
catheter. In contrast, 13/14 cats that did not survive
between 12 and 48 h were euthanized based on clinician
and client decisions. Survival to discharge was 45% in
the TPA group vs 30% in the placebo group (P =0.33).
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12.0

10.0
8.0
6.0
4.0
2.0
0.0
Pre-injection (20/20) 6 Hours 12 Hours 24 Hours 36 Hours 48 Hours
(19/17) (18/16) (15/13) (14/10) (11/9)

Figure 2 Mean = SD (vertical lines) for limb scores over 48h in 40 cats diagnosed with feline aortic thromboembolism (FATE)
enrolled in a prospective study in a tissue plasminogen activator (TPA) group (n=20) and saline placebo group (n = 20 cats).
*$Limb score different over time within the same group (P <0.05). There was no significant difference between the treatments.
A and straight line = TPA group; ¢ and dashed line = placebo group. The numbers in parenthesis below the various time points
represent the number of cats in each group remaining at that time point (TPA/placebo)

Table 3 Outcome measurements for 40 cats with feline
aortic thromboembolism (FATE) enrolled in a prospective,
multicenter, blinded, randomized, placebo-controlled
study within 6 h of the event

Variable TPA Placebo Pvalue
group  group

Limb score improvement 25 20 0.48
=3 points (%)

Clinical improvement (%) 60 40 0.21
48 h survival (%) 60 40 0.21
Survival to discharge (%) 45 30 0.33
AKI at 48h (%) 22 19 1.00
Rl at 48h (%) 33 19 0.45
AKI over hospitalization (%) 39 31 0.73
RI over hospitalization (%) ge 25 0.71

As not all cats had follow-up bloodwork performed, the denominator
may not be 20

TPA =tissue plasminogen activator; AKI = acute kidney injury;

Rl = reperfusion injury

Geographic site of enrollment had varying 48h survival
and survival to discharge proportions (Table 4).

There was no significant treatment effect for 24 h sur-
vival (odds ratio [OR] 0.68, 95% confidence interval [CI]
0.14-3.29; P=0.63), 48 h survival (OR 0.65, 95% CI 0.14—
5.97; P=0.93) or survival to discharge (OR 0.35, 95% CI
0.06-2.21; P=0.27).

Results from the multiple logistic regression model for
24h survival containing treatment and rectal tempera-
ture showed that cats with higher rectal temperature had
higher 24h survival, with an estimated OR of 1.66 (95%
CI 1.14-2.43; P <0.01) per additional °F. The ROC curve
yielded an optimal cut-off that was 96.2°F, with an area
under the curve (AUC) of 0.77 (95% CI 0.60-0.94). That
cut-off showed a sensitivity of 75% and a specificity of 74%.

From the multiple logistic regression models for 48h
survival and survival to discharge containing treatment
and affected limb lactate, cats with higher affected limb
lactate at admission were found to have lower 48h sur-
vival and survival to discharge with an estimated OR
of 0.65 (95% CI 0.46-0.92; P =0.02) and 0.70 (95% CI
0.51-0.97; P =0.03), respectively, per additional mmol/1
of lactate. The ROC curve for 48h survival yielded an
optimal cut-off of 11.5mmol/1, with an AUC of 0.80 (95%
CI 0.62-97.81). That cut-off showed a sensitivity of 67%
and specificity of 86%. The ROC curve for survival to
discharge using the same cut-off of 11.5mmol/1 showed
an AUC of 0.77 (95% CI 0.58-0.96). That cut-off showed a
sensitivity of 64% and a specificity of 92%.

Secondary outcomes: adverse events

Over the 48h study period, 22% of cats in the TPA group
were diagnosed with AKI vs 19% in the placebo group
(P=1.00). Over the 48h study period, 33% and 19% of
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Table 4 Total number of cats treated with or without tissue plasminogen activator (TPA), and proportions of 48 h survival
and survival to discharge for 40 cats with feline aortic thromboembolism (FATE) enrolled in a prospective, multicenter,
blinded, randomized, placebo-controlled study by geographic site of enroliment

Site* No. of cats 48h survival TPA
(TPA/placebo) group (%) group (%)

A 6 (3/3) 0 67

B 8 (5/3) 100 &3

C 17 (6/11) 50 27

D 9 (6/3) 67 67

*Sites have been anonymized purposefully

Table 5 Twelve-hour recheck clinicopathologic data for
40 cats with feline aortic thromboembolism enrolled in a
prospective, multicenter, blinded, randomized, placebo-
controlled study

TPA Placebo Pvalue

12h sodium (mEg/l) 151.0x5.6 148.8+6.7 0.30
12h potassium 45 (3.3-11.6) 4.5(3.2-10.1) 0.74
(mEg/l)

12h creatinine 1.6(0.8-5.3) 1.9(0.9-6.3) 0.31
(mg/dl)

12h lactate (mmol/l) 2.1 (0.6-11.6) 1.6 (0.2-4.3) 0.31
12h PCV (%) 43.4+59 446+9.7 0.70
12h TP (mg/dl) 9.0+14 84+13 0.23
Delta PCV (%) 3.0+47 22+6.3 0.73
Delta TP (mg/dl) 12+1.2 0.3+15 0.10

Delta is calculated by the formula: 12h datum minus admission datum
TPA =tissue plasminogen activator; PCV = packed cell volume;
TP = total proteins

cats in the TPA and placebo groups, respectively, were
diagnosed with RI (P =0.45). Over the entire hospitaliza-
tion stay, 39% of cats in the TPA group were diagnosed
with AKI vs 31% in the placebo group (P =0.73). Over
the entire hospitalization stay, 33% and 25% of cats in the
TPA and placebo groups, respectively, were diagnosed
with RI (P = 0.71). One cat in the TPA group and three cats
in the control group were diagnosed with both AKI and
RI (P=0.22). One cat in the TPA group had self-limiting
epistaxis. Survival to discharge of cats with complications
such as AKI and/or RI was 46% (TPA) and 33% (placebo;
P =0.674). No seizures were reported in any cats in our
study, including in the TPA group.

In-hospital and long-term follow-up
Thirty cats had a 12h recheck of clinical laboratory
tests, with no significant differences in studied variables
between groups (Table 5). However, 86.5% of cats experi-
enced an increase in PCV or TP between admission and
12h after admission, some of these gains were as high as
16 percentage points for PCV and 3.6g/dl in TP.
Follow-up information was obtained for all 20 cats dis-
charged from the hospital. Median follow-up time was 45

48h survival placebo  Survival to discharge

Survival to discharge

TPA group (%) placebo group (%)
0 67
100 38
33 18
88 &3

days (range 3-649) for the TPA group and 59 days (range
1-156) for the placebo group (P =0.44). At the time of
last follow-up in the TPA group, two cats were alive, five
were euthanized and two had died. At the time of last
follow-up in the placebo group, one cat was alive, three
had died and two were euthanized. One-year survival
was 33% and 0% for the TPA and the placebo groups,
respectively (P = 0.23).

Autopsy was performed in 12 cats: three in the TPA
group and nine in the placebo group. Abnormalities
excluding primary diseases (ie, cardiomyopathy or neo-
plasia) and the aortic embolus included chronic renal
infarcts without renal artery thrombosis (n = 8), gastroin-
testinal thrombosis (n=3), unilateral artery thrombosis
on the right (n=2) or left renal artery (n= 1), multiple
pulmonary thrombi (n = 3), acute renal infarction (n =2),
gastrointestinal hemorrhages (n = 2), left atrial infarction
(n=1) and acute liver, pericardial and abdominal hemor-
rhage (n=1). None of the cats with hemorrhages found
on necropsy were in the TPA group.

Discussion

This prospective, randomized, placebo-controlled study
did not show a statistically significant difference in pri-
mary and secondary outcomes between the TPA and
the control groups. No differences in the proportion
of adverse side effects between the groups was seen.
However, with a 50% study mortality rate within the 48 h
study period, this 40-cat study became underpowered to
detect a positive impact of thrombolysis on limb scores
in this patient population. Although in-hospital mortal-
ity was anticipated, data from the largest retrospective
study available at the time of study design indicated that
natural death at 24 h represented 7.2% of the treated cats.3
Therefore, we anticipated that decisions regarding eutha-
nasia — thus secondary outcomes — would be made at
the completion of the 48h study. Undoubtedly, percep-
tions of medical progress — or its absence — influenced
the decision to euthanize many of these cats prior to the
48h measurement period. Euthanasia involves multi-
ple decision factors that can include clinician and client
perspectives, comorbidities (such as CHF) and financial
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considerations (although the study covered the cost of
the first 48h of treatment). Many of these cats presented
during emergency hours and therefore various primary
clinicians provided care, even within the same institu-
tion. This situation might not foster uniform veterinary
care beyond the trial protocol, but it is realistic in terms
of current practices.

Our study focused on cats with =2 limbs affected, which
represents 74-80% of cats with the clinical syndrome;
these cats may have a worse prognosis and therefore the
highest potential for improvement.?®> Confirmation of
FATE was an entry criterion and this was achieved pref-
erentially using paired glucose or lactate measurements.
Based on the lack of overlap in lactate between affected
and non-affected limbs, the lactate differential might be
the confirmatory test of choice. The demographics and
admission characteristics were similar to those of previ-
ously published studies. Male castrated cats represented
75% of cats — marginally higher than previous studies,
with some exceptions.?4-612 Cats in our study had a mean
age of 8.5-10.5 years, consistent with previous reports.!>56
Our study showed that 90-95% of cats suffered from car-
diomyopathy, which is higher than the 23-76.4% range
reported in previous studies.3>¢?2 Similarly, >70% of cats
presented with confirmed CHF, which is at the high end of
the range published in the literature.>#>12 This could have
affected the overall survival proportion.°

As our study focused on early treatment, the median
FATE to admission time in our study was <2.5h. This short
time frame indicates that FATE is easily identifiable by
clients, and treatment can be initiated quickly in the case
of a witnessed event. It is also consistent with the fact that
approximately 50% of cats presented within 2h of a FATE
event in a recent study.? Recent advances in diagnosis, such
as thermal imaging or lactate differential, may speed up
the definitive diagnosis, especially in challenging cases.>

The median admission to needle (door to needle) time
for treatment was 1.2h, but this was, at times, delayed up
to 4.5h, which represents an opportunity for improve-
ment and point-of-care action. In general, it is recom-
mended that thrombolysis be attempted as soon as a
thrombus is diagnosed, if appropriate.® In people who
have suffered an acute ischemic stroke (AIS), patients
who were treated with TPA and had door to needle times
of >45mins had significantly higher all-cause mortality,
higher all-cause readmission and higher all-cause mortal-
ity or readmission compared with those treated within
45mins.?2¢ Current AIS guidelines recommend IV TPA
in people for whom treatment can be initiated within 3h
of symptom onset, and downgrade their recommenda-
tions to a suggestion (not a recommendation) between 3
and 4.5h after symptom onset.” Rapid cardiac POCUS
or N-terminal probrain natriuretic peptide tests might
be helpful in shortening the admission to needle time
if needed for confirmation of heart disease or the stag-
ing of comorbidities.?8-% Our study design included cats

enrolled within 6 h of a known event, which differs from
previous reports of TPA use in FATE, where TPA-treated
cats had a median length of clinical signs associated with
thromboembolism of 17 h (range 5-29) or were enrolled
within 12h of the onset of clinical signs.”3!

The TPA regimen tested in our study is similar to
that previously reported in cats and people with AIS;
1mg/kg was given over 1 h with 10% as a bolus without
redosing.!1% This differs from previous reports where TPA
was used at 0.25-1mg/kg/h IV constant rate infusion
(CRI) for a total of 1-10mg/kg or where 1mg/kg was
administered as a front-loaded accelerated protocol or
over 4h, and could be redosed.”3! The ideal TPA regi-
men is unknown, and it may depend on thrombus loca-
tion, comorbidities, risk of bleeding and clinical signs.
In infants and children, who are more prone to develop
aortic thrombosis or thromboembolism than adults, a
CRI regimen of 0.1 mg/kg/h is recommended with close
monitoring of clot resolution, with a dose range between
0.1 and 0.5mg/kg/h.32 In a study of 12 infants and chil-
dren with aortic thrombosis, seven had complete clot
resolution with that regimen over 2h to 3 days.*

The change over time of a previously published limb
score was the primary outcome in the present study. We
showed that the change in limb score was approximately
1 point lower in the TPA group than in the placebo group,
although this difference did not achieve statistical signifi-
cance. This could be a real lack of therapeutic benefit, or a
type Il statistical error, as only 20 cats completed the study.
As noted previously, power analysis predicted a sample
size analysis requiring 40 cats. Limb scores improved
over the study period for both the TPA and the placebo
groups, which is not currently reported in the literature,
where improvement has been described to happen over
5-15 days.>! This study showed that improvement was
usually noted within 24-48 h of hospitalization in the cats
that survived.

Forty-five percent of the TPA treatment group were
discharged, similar to the 44% released in a recent retro-
spective study that compared TPA with treatment without
thrombolysis.! The 45% discharge proportion for the TPA
group is 50% higher than the 30% in the placebo group;
however, this difference was not statistically significant.
As noted earlier, this could indicate a lack of treatment
benefit beyond the conventional therapy of pain control
and thromboprophylaxis, or a lack of statistical power.
Survival to discharge in the placebo group was 30%,
which is similar to the 29% reported in the previously
cited retrospective study.! This led to an overall 37.5%
discharge rate in our study, which should be considered
similar to or higher than that reported in the current lit-
erature.3%” Survival to discharge for the cats suffering
from =2 limbs affected was 35% in a large retrospective
study.® In a study that investigated the use of TPA within
12h of FATE, only 20% of cats with =2 limbs affected
survived to discharge.”
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AKI, RI, bleeding and seizures have been described in
cats receiving TPA.173 AKI and RI were consequences of
treatment at a similar proportion to our study, similar to
the 2018 retrospective study.! Specifically, AKI was diag-
nosed in approximately 35% of cats, similar to the 30%
in the same retrospective study, and RI was diagnosed in
30% of cats in our study vs 50% in the same retrospective
study. It is important to note that approximately 40% of
cats that received treatment for their complications sur-
vived to discharge.

AKI seems to be the dominating complication while
treating FATE, which has been previously documented,
although the risks of RI dominated the literature in the
1980s.12714 Necropsy results shed some light on the cause
of AKI. Traditionally, thrombosis of the renal artery or
arteries has been discussed as the major cause of AKI in
FATE.3* However, bilateral renal thrombosis was not seen
in any of the necropsied cats in our study, where chronic
renal infarction was the most common renal abnormality
at necropsy. This information, coupled with the relatively
high PCV /TP at admission that worsened, overall, at 12h,
raises the question of pre-renal azotemia, or exacerbation
of chronic renal disease, as the main cause of AKI in FATE.
Therapeutic actions such as judicious fluid therapy, veno-
dilators such as cilostazol or drugs such as pentoxifylline
may require consideration, although their use was beyond
the scope of our study and should be studied further.

The median follow-up time after release for the cats
in our study was particularly low — around 50 days —
although it included cats still alive when lost to follow-
up. The median survival time for FATE is reported in
retrospective studies to be between 117 and 345 days.622%
In the prospective FATCAT study, the median time to
FATE recurrence was 443 days in the clopidogrel group,
although cats needed to survive for at least 1 month to be
enrolled in that study.!® The reasons for the discrepancy
are unclear, but differences in case selection is possible, as
well as the high incidence of CHF in our study.

Despite the multicenter, randomized, placebo-
controlled design of this clinical trial, there were study
limitations. We elected to analyze our data set using an
intention-to-treat principle, as it is the recommended
method in superiority trials to avoid any bias compared
with the per-protocol analysis.?% It is unlikely that a per-
protocol analysis would have modified the outcomes in
our study. Our study also became underpowered for the
primary outcome, as the 48 h survival rate was 50%.

The mortality rate within the first 48 h might be
explained by euthanasia bias. It has been shown that up
to 90% of FATE patients may be euthanized at admis-
sion, without any treatment attempted.3# In our study,
only six cats (15%) spontaneously died during our study
period, including one shortly after admission, and mainly
within the first 12h. The remaining cats that did not sur-
vive the 48 h study period were euthanized. The decision

for euthanasia could be related to clinician bias over lack
of improvement and possible complications, or client
perceptions, although many cases treated for their com-
plications survived to discharge. Perhaps this explains
why the two recruiting sites with the most experience
using TPA for FATE reported a combined 48 h survival
rate of 82% for the TPA group and 50% for the placebo
group, although this is conjecture. Results from these two
hospitals were similar to the projected outcomes used for
calculation of sample sizes for the secondary study out-
come. This is consistent with the findings of a previous
study, which showed a 73% survival rate for cats with
FATE treated in the last year of the study vs a 0% survival
rate in the early years of the study.® Clinician education
regarding FATE is important. Although FATE is a devas-
tating disease with a poor long-term prognosis, some cats
may live for >1 year when treated, as described in this
study and by others.3

The present study also suffers from survival bias, as
cats that survived or were not euthanized were probably
cats that improved the most or did not suffer complica-
tions, regardless of their group allocation. This is shown
by the improvement of the limb score in both groups.
However, this underscores the limitations of the pub-
lished limb score.” A large number of cats in our study
regained motor function without regaining obvious fem-
oral pulses, which is consistent with the development of
collateral circulation shown in one experimental study.
Therefore, cats with strong motor activity but no pulse
may have been scored 1, 2, 3 or 4 by the individual scorer,
not allowing for the limb score to represent motor func-
tion. We do not recommend the use of this limb score in
future studies. Survival bias also means that complica-
tions were not recorded in the cats that died, which may
be particularly important at the 12h checkpoint, when
twice as many cats in the placebo group were not alive vs
the TPA group cats. Also, despite the prospective study
design, the reader can appreciate the difference in cat
numbers for some measured variables. Indeed, of the 12
cats alive in the TPA group at the 48 h mark, only 11 had
a limb score available. Similarly, one cat in the placebo
group that was euthanized at the 48h mark had a limb
score performed prior to euthanasia.

Our study evaluated a relatively small sample size,
and there were apparent differences in outcomes based
on geographic site of enrollment. Thus, the generaliz-
ability of our results to the larger FATE population can
be questioned. Lastly, the TPA regimen used in our study
and others are based on recommendations for people suf-
fering from AIS.!7 Both the benefit (ie, reperfusion of the
brain vs reperfusion of pelvic limbs) and the risks (ie,
brain bleed vs reperfusion of a large amount of ischemic
tissues) are different between AIS and FATE. Regarding
timing, we targeted FATE cats able to receive TPA within
6h of events, but that time frame may need to be more
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restrictive, as it is in people with AIS.?? Regarding the reg-
imen, and for practical reasons, the maximum dose was
6mg. However, three cats in the TPA group and one cat in
the placebo group weighed >6kg and received the maxi-
mum dose of 6mg total. As the veterinary community
becomes more comfortable treating cats with FATE, and
armed with the knowledge of complication proportions
and types, cardiac and thoracic POCUS, infrared thermal
imaging and therapeutic options, the TPA regimen can be
modified to include only FATE cats thrombolyzed within
3h of the event, or use of a low-dose CRI with careful
monitoring of complications and recanalization, as car-
ried out in infants and children.??

Conclusions

Although bilateral FATE is a devastating disease, treat-
ment with or without thrombolysis is associated with a
37.5% discharge rate, with a calculated 95% CI of 22.5-
52.5%, and with some cats experiencing >1 year survival.
Based on the results of the present clinical investigation,
the administration of TPA cannot be advanced as a cur-
rent standard of care. However, the administration of TPA
did not appear to worsen the prognosis or cause higher
bleeding risks during concomitant thromboprophylaxis.
Although it is conceivable that cats with specific charac-
teristics of FATE might benefit from this treatment, such
a recommendation would require definitive clinical trial
evidence. Large-scale studies should be performed to
further investigate the risks and benefits of thromboly-
sis in FATE, and our study can be used for sample size
calculations and to identify appropriate funding sources.
Additionally, any future studies of TPA in this disorder
should consider alternative dosing regimens, time from
event to treatment and the likelihood of survival based
on cardiac and non-cardiac comorbidities, as well as other
objective clinical findings.
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