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Abstract

Background: Sudden acquired retinal degeneration syndrome (SARDS) is a common
cause of irreversible blindness in dogs. It bears clinical resemblance to hypercortiso-
lism, which can be associated with hypercoagulability. The role of hypercoagulability
in dogs with SARDS is unknown.

Obijective: Determine hemostatic profiles in dogs with SARDS.

Animals: Prospective pilot study: Dogs with a history of SARDS (n = 12). Prospective
case-control study: Dogs with recent onset of SARDS (n = 7) and age-, breed-, and
sex-matched controls (n = 7).

Methods: Prospective pilot study: We performed thromboelastography (TEG). Pro-
spective case-control study: Dogs had CBC, serum biochemistry, urinalysis, TEG,
fibrinogen concentration, antithrombin activity, D-dimers, thrombin-antithrombin
complexes, and optical platelet aggregometry performed.

Results: Prospective pilot study: 9/12 dogs with a history of SARDS were hypercoa-
gulable with increased TEG G value and 2/3 had hyperfibrinogenemia. Case-control
study: All dogs with SARDS and 5/7 controls were hypercoagulable based on TEG G
value. Dogs with SARDS had significantly higher G values (median, 12.7 kdynes/s;
range, 11.2-25.4; P = .04) and plasma fibrinogen concentration (median, 463 mg/dL;
range, 391-680; P < .001) compared to controls.

Conclusions and Clinical Importance: Hypercoagulability was common in both dogs
with SARDS and controls, but dogs with SARDS were significantly more hypercoagul-
able on TEG. The role of hypercoagulability in the pathogenesis of SARDS remains to
be determined.
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1 | INTRODUCTION 2 | MATERIALS AND METHODS
Sudden acquired retinal degeneration syndrome (SARDS) is a lead- 2.1 | Animals

ing cause of irreversible blindness in dogs, but its pathogenesis is
incompletely characterized.>® It occurs in a variety of dog breeds,
making a genetic etiology unlikely. An immune-mediated pathogen-
esis has been suggested previously because many dogs with SARDS
have circulating antiretinal antibodies.*® However, systemic admin-
istration of the immunosuppressant drug mycophenolate mofetil is
not associated with vision recovery in affected dogs.” Anecdotally,
although monotherapy with systemic corticosteroids does not
improve vision in SARDS,*® combination immunosuppressive ther-
apy results in better vision restoration than monotherapy.® This
observation supports a possible immune system role in SARDS
pathophysiology. Overall, the underlying pathogenesis of SARDS is
unknown, and understanding it could provide a stronger, mechanis-
tic link between immune system activation and retinal disease. A
crucial knowledge gap is the lack of understanding of the etiopatho-
genesis of SARDS. Overcoming this gap could allow development of
biomarkers to diagnose affected dogs before the onset of overt
blindness and mechanistically relevant treatments to preserve
vision. Currently, no useful biomarkers of early disease are available
because nonocular clinical signs are either absent or overlap with
more common endocrinopathies, and dogs are not diagnosed with
SARDS until the onset of overt vision deficit.”

Dogs with SARDS frequently exhibit a myriad of systemic signs,
some of which are reminiscent of hypercortisolism (HC).51? These
include polyuria, polydipsia, polyphagia, and weight gain. Several lab-
oratory abnormalities also are seen in dogs with SARDS, some of
which overlap with HC, including increased liver enzyme activ-

ity8,9,12

SARDS found that kidney, respiratory, pancreatic, and platelet disor-

and proteinuria.’? A recent survey of owners of dogs with

ders were present more commonly in affected dogs around the time
of death compared to a general reference population.® Systemic
hypercoagulability, assessed by thromboelastography (TEG), has
been identified in some dogs with systemic illnesses, including

1819 and pancreatitis.?® This

HC,**Y” protein-losing nephropathy,
association led to our hypothesis that systemic hypercoagulability
underlying a prothrombotic state is a contributing factor in dogs
with SARDS. Our working hypothesis is that intravascular thrombo-
sis contributes to impaired choroidal vascular perfusion and other
end-organ damage, thus potentially linking the disruptions identified
in the systemic circulation with the retinal and systemic conse-
guences in dogs with SARDS.

Our primary aims were to determine whether dogs with SARDS
evaluated at a large referral hospital had abnormal hemostatic labora-
tory test results at any stage after SARDS diagnosis, and if dogs with
recently diagnosed SARDS were hypercoagulable on TEG compared
to healthy age-, sex-, and breed-matched control dogs. Our rationale
was to explore whether hemostatic dysfunction might provide novel
biomarkers or therapeutic targets for dogs with SARDS. Our hypothe-
sis was that dogs with SARDS would be hypercoagulable compared to
healthy controls.

Prospective animal work was conducted with institutional approval
(North Carolina State University Institutional Animal Care and Use

Committee, hospital board) and client written informed consent.

2.2 | Study design

221 | Pilotstudy for TEG

Owners of dogs with a history of SARDS were invited to participate in
a pilot study to evaluate TEG in their dogs to allow a priori power
analysis for a prospective case-control study. Some dogs also under-
went further coagulation testing and CBC. A priori power analysis was
performed on TEG data from a cohort of 8 dogs in this pilot study
(median age, 10.3 years; range, 7.1-11.8 years) and historical data col-
lected by the investigators from 8 approximately age-matched, appar-
ently healthy dogs (median age, 8.0 years; range, 5.5-10.6 years). Age
did not differ significantly between groups (P = .14, 2-tailed unpaired
Student's t test). Normality tests of TEG maximum amplitude (MA)
values in both groups indicated normal distribution (Shapiro-Wilk test
W 0.98 control, P =.98; 0.89 SARDS, P = .22). Median TEG MA in
dogs with SARDS was 71.2 mm (range, 61.8-78.4 mm; reference
interval, 47-65 mm; values from 6 dogs exceeded the reference range)
compared with normal dogs at 60.5 mm (range, 52.5-66.5; 1 dog
exceeded the reference range). Assuming normal distribution in both
groups, sample size for the prospective case-control study was pre-
dicted to be 6 in each group, with a power of 0.8 and an alpha of 5%.

222 | Prospective case-control study

Dogs with a recent diagnosis of SARDS were recruited from those
presented primarily to the ophthalmology service of North Carolina
State University Veterinary Hospital and by recruitment from con-
firmed cases of SARDS presented to local ophthalmologists. No dogs
were previously included in the pilot study. Age-, breed-, and sex-
matched controls were recruited after SARDS case recruitment from
dogs belonging to members of staff and students at North Carolina
State University. Dogs with SARDS were eligible for inclusion if body
weight was >5 kg, vision loss occurred <6 weeks prior, and the fundus
was clearly visible by ophthalmoscopy. A definitive diagnosis of
SARDS was made based on history, minimal fundus evidence of reti-
nal degeneration with severe attenuation of electroretinography
(ERG) a- and b-wave amplitudes, and consistent chromatic pupillary
light reflex (PLR) findings,?> specifically, an absence of red light
response with preserved blue light response. Exclusion criteria for the
SARDS group included systemic administration of immunosuppressive
medications within the previous 21 days, any prior history of systemic

or ocular neoplasia, uveitis, glaucoma, mature or hypermature
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cataracts, intraocular surgery, inherited retinal disorders, kidney dis-
ease, hepatopathy, and known pre-existing endocrinopathy. Likewise,
dogs that had received PO, parenteral or topical corticosteroids, or
medications that could predispose to hypocoagulability (eg, nonsteroi-
dal anti-inflammatory drugs, platelet inhibitors, omega 3 fatty acids)
within the last 2 months were excluded.

After recruitment of dogs with SARDS, matched control dogs
were recruited. Dogs were eligible for inclusion if body weight >5 kg,
they had a history of normal vision and systemic health, and were of
comparable breed, age, and sex to a dog with SARDS. Exclusion cri-
teria for the control dogs were similar to dogs with SARDS, in addition
to a history or clinical finding of abnormal vision in either eye.

2.3 | Ophthalmic examination

Pilot study and case-control dogs underwent full ophthalmic examina-
tion including menace response, evaluation of chromatic PLR, evalua-
tion of tear production, corneal fluorescein staining, slit lamp
biomicroscopy, and binocular indirect ophthalmoscopy. If ERG had
not been performed previously and reviewed by the authors before
enrollment, an ERG was performed on both eyes after 1 hour of dark
adaptation with pharmacologic mydriasis (Tropicamide 1%). The ERGs
were performed using a handheld ERG unit (RetEVet, LKC Technolo-
gies, Gaithersburg, Maryland) with contact lens electrodes (ERG-Jet,
Fabrinal, La Chaux-de-Fonds, Switzerland) and platinum ground elec-
trode placed at the occiput and platinum reference electrode placed
3 cm from the lateral canthus (Grass; Natus Neurology, Middleton,
Wisconsin). A dark-adapted intensity-response series followed by a
light-adapted protocol was performed according to published guide-
lines for ERGs in dogs.?!

24 | Sample collection and handling

After ophthalmic examination, a blood sample was collected from
each pilot study and case-control study dog by venipuncture of the
jugular vein using a 21-gauge butterfly needle and plastic vacutainer
blood tubes. The blood was collected sequentially into a plain tube, a
tube containing 3.2% sodium citrate (at a ratio of 1:9 citrate:whole
blood), and a tube containing 7.5% potassium EDTA. In addition, a
voided urine sample was collected from each case-control study dog.

2.5 | Baseline laboratory assessment

Case-control study (SARDS and control) dogs all had CBC (Advial20
Hematology Analyzer Siemens Diagnostics Tarrytown, New York),
serum biochemistry analysis (Stago Compact, Diagnostica Stago,
Parsippany, New Jersey), urinalysis (Roche U411 Analyzer, Roche
Diagnostics, Indianapolis, Indiana), and urine protein:creatinine ratio
performed at the North Carolina State University Clinical Pathology
laboratory.

2.6 | Hemostatic laboratory tests

After a standardized 30-minute rest period after venipuncture at room
temperature, optical platelet aggregometry (Chrono-log 700 Aggreg-
ometer, Chrono-log Corp, Havertown, Pennsylvania) and TEG
(TEG500 Hemostasis Analyzer, Haemonetics Corp, Braintree, Massa-
chusetts) were performed on different aliquots of citrated whole
blood. One aliquot was centrifuged at 650 x g for 3 minutes at room
temperature to yield platelet-rich plasma (PRP) and packed red blood
cells. After a 30-minute equilibration period, 500 pL of the PRP was
added to a glass cuvette containing a magnetic stir bar. The sample
was warmed to 37°C and stirred at 1200 rpm. Extent of platelet
aggregation (%) in response to adenosine diphosphate (ADP) and
collagen were recorded using an optical aggregometer.

Recalcified, kaolin-activated TEG was performed on a different
aliquot of the citrated whole blood as previously described.?? Briefly,
1 mL of citrated whole blood was added to a vial of kaolin and mixed
gently. Then, 340 pL of this mixed sample was added to a standard-
ized TEG pin-and-cup that was prewarmed to 37°C and contained
20 pL of calcium chloride. Samples were randomized to 1 of 4 differ-
ent channels on 3 TEG machines, performed by the same technician,
and run for a standard 90-minute period. The TEG variables related to
rate of clot formation (R time [min], K time [min], alpha angle
[degrees]); clot strength (MA [mm], G [kdynes/s]); and clot lysis (LY30
[%]) were recorded. Hypercoagulability was defined as a TEG G value
above the upper limit of the institutional reference interval (>8.9
kdynes/s). Reference intervals were derived from a population of
48 normal dogs. These dogs were owned by students, staff, or faculty
at North Carolina State University. Each dog was deemed healthy
based on physical examination findings and baseline laboratory testing
(CBC, serum biochemistry, urinalysis), and coagulation profile consist-
ing of prothrombin time (PT), activated partial thromboplastin time
(aPTT), fibrinogen, and D-dimers. These dogs were not receiving any
medications other than routine heartworm preventative and flea and
tick control and were all current on routine vaccinations. Breeds con-
sisted of mixed breed dogs (n = 21), Labrador Retriever (n = 5), Amer-
ican Staffordshire Terrier (n = 3), Border Collie (n = 3), Australian
Cattledog (n = 2), French Bulldog (n = 2), Golden Retriever (n = 2),
Great Dane (n = 2), and 1 each of 8 additional breeds. The sex distri-
bution of this population was 22/48 (46%) spayed females and 26/48
(54%) castrated males. Median body weight was 21.2 kg (range,
7-59.5 kg). Ages ranged from 11 months to 10.5 years, with a median
age of 4.0 years. Sample collection, processing, and analysis of sam-
ples strictly followed the aforementioned technique used for the dogs
with SARDS and their controls. Histograms and box and whisker plots
were generated, and the data were determined to be normally distrib-
uted. The reference interval for each TEG parameter was defined as
the mean + 2 SD.

The remaining citrated whole blood was centrifuged at 4000 x g
for 15 minutes at room temperature to yield platelet-poor plasma
(PPP). The PPP was harvested and frozen at —80°C for later batch
analysis of the remaining hemostatic variables (antithrombin activity

[AT], fibrinogen, thrombin antithrombin complexes [TAT], and D-
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dimers) at the Comparative Coagulation Laboratory at Cornell Univer-
sity. These remaining tests all were performed within 12 months of
collection and storage. The frozen PPP samples were thawed at 37°C
immediately before being assayed. First, AT was measured using a
functional assay configured to measure thrombin inhibition (anti-lla
assay) using a commercial chromogenic kit (Anti-Il assay kit—Stachrom
ATIII, Diagnostica Stago, Parsippany, New Jersey) and the manufac-
turer's automated analyzer (Analyzer—STA Compact, Diagnostica
Stago, Parsippany, New Jersey). Fibrinogen was measured in a func-
tional assay (Clauss fibrinogen) with a human thrombin reagent
(Diagnostica Stago, Parsippany, New Jersey) and mechanical endpoint
detection. Aliquots of pooled plasma (prepared from 20 healthy adult
dogs) were used as assay standards for AT and fibrinogen determina-
tions. The pooled plasma standard had an assigned AT value of 100%,
and the fibrinogen content of the standard was measured using a
gravimetric method.?®> The D-dimer concentration was measured
using a quantitative, immunoturbidimetric method as previously
described using a commercial kit (HemosIL, D-dimer, Instrumentation
Laboratory, Bedford, Massachusetts) with the manufacturer's human
D-dimer standard. Plasma thrombin-antithrombin (TAT) complex con-
centration was measured using a commercial sandwich enzyme immu-
noassay (Enzygnost TAT Micro, Dade Behring, Marburg, Germany).
The assay was configured with rabbit anti-human thrombin and anti-
thrombin antibodies, and a human TAT standard.

2.7 | Statistical analysis

Statistical analysis was performed using R version 4.0.2 and GraphPad
Prism version 9.1.1 for Mac OS. Thromboelastography, aggregometry,
and physiological variables were examined individually for the effect
of SARDS status, age, and sex on the value via multiple linear regres-
sion. This approach was taken in an unpaired manner because of a
lack of conventional dependence between matched dogs. Models
then were reduced via backward selection using the Akaike informa-
tion criteria (AIC) with a requirement to always include SARDS status
in the final model. Where SARDS status alone was left in the model,
the P value was equivalent to that which was generated by the Stu-
dent's t test. Because of concerns of unequal variance, anywhere that
SARDS status was the only variable remaining; Welch's t test was
used to account for the potential for unequal variance. Correlation
analysis between TEG-G and fibrinogen concentration was performed
using simple linear regression.

Significance for a priori hypotheses was set at P < .05 with power
of 80%. A priori power analysis was performed in G*Power 3.1 using
a t test for a difference between 2 independent means (because pilot
study dogs were not case-control matched).

Significance for post hoc tests was determined based on a
Bonferroni-adjusted cutoff to maintain a 5% false discovery rate
within that set of variables (e.g., within aggregometry). P value cutoffs
are presented in Table S1. Factors included in the statistical analysis
and relevant to hemostasis included: TEG (MA, G, angle, K, R), platelet
aggregometry (amplitude, slope, lag, and area under the curve of
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collagen and ADP), coagulation testing (fibrinogen, AT, D-dimer, and
TAT), CBC (hematocrit, platelet count, PCV, plasma total protein con-
centration, and segmented neutrophil count), and serum biochemistry
(albumin concentration and globulin concentration). Graphs present

an indication of the median value and interquartile range.

3 | RESULTS

3.1 | TEG pilot study

A summary of demographic and clinicopathological results for the
12 dogs with a history of SARDS that were evaluated for TEG in the
pilot study is presented in Table 1. Median dog age was 10.9 years
(range, 7.0-15.0 years). Breeds of dog included Dachshund (n = 5),
Miniature Schnauzer (n = 3), mixed breed (n = 3), and 1 Jack Russell
terrier. Dogs were sampled at a median of 3.7 months (range,
0.2-36.2 months) after ERG-confirmed diagnosis of SARDS. Of the
12 dogs evaluated, 9/12 were hypercoagulable based on an increased
TEG G value (median, 13.23 kdynes/s; range, 8.1-18.2 kdynes/s; ref-
erence interval [RI], 4.0-8.9 kdynes/s). Of the smaller number of dogs
that underwent more comprehensive hemostatic testing, 2/3 had
hyperfibrinogenemia, both of which also had increased TEG G value
(Table 1). Of the 5 dogs that underwent CBC testing, 4/5 had normal
platelet counts, and mild thrombocytopenia was detected in 1 dog,

which was verified by review of a blood smear (Table 1).

3.2 | Prospective case-control study

In total, 7 dogs with SARDS were enrolled over an 8-month period.
Median dog age was 9.8 years (range, 6.7-12.4 years) and median
body weight was 9.2 kg (range, 6.9-34.1 kg). Sex distribution included
4/7 castrated males and 3/7 spayed females. Dogs with SARDS con-
sisted of 4 pure breed dogs (Miniature Schnauzer [2], Beagle [1], and
Rough Collie [1]) and 3 mixed breed dogs. The control population was
matched as closely as possible. One dog (Beagle) was excluded from
the control population after recruitment as because it was diagnosed
with an intestinal foreign body within 6 hours of participating in the
study. An additional Beagle subsequently was recruited to replace this
dog. Control dogs consisted of 4 castrated males and 3 spayed
females. The control population was comprised of the same 4 pure
dog breeds as dogs with SARDS and 3 mixed-breed dogs. The median
age of the control dogs was 9.5 years (range, 6.1-12.1 years) and
median body weight was 8.8 kg (range, 7.9-26.4 kg).

Dogs with SARDS had had an acute deterioration of vision at a
median of 21 days (range, 9-39 days) before blood collection. Electro-
retinograms collected before enrollment did not have measurable a-
or b-waves at bright flash intensity in any dog with SARDS, in contrast
to a mean bright flash (10 cds/m?) b-wave amplitude of 255.5
+ 62 uV in matched controls. Chromatic PLR testing was consistent
with SARDS in all affected animals, reflecting an absent or severely
diminished red-light PLR with a present blue light PLR. Most dogs had
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TEG pilot study: Dogs with a history of SARDS that underwent pilot testing with TEG.

TABLE 1
N/total outside of reference range

Variable Units Reference interval Median (range) (n above ref. range)
Age (n=12) y NA 10.9 (7-15) NA
Time since SARDS diagnosis (n = 12) mo NA 3.7 (0.2-36.2) NA
Hematocrit (n = 5) % 39.2-55.9 51.4 (41.3-54.7) 0/5
Plasma total protein (n = 4) g/dL 5.9-7.3 7.0 (6.9-7.1) 0/4
White blood cell count (n = 5) x10%/uL 4.39-11.6 495 (4.7-8.1) 0/5
Platelet count (n = 5) x10%/uL 190-468 346 (183-467) 1/5 (0 above)
Prothrombin time (n = 3) s 8.4-9.7 9.4(9-9.7) 0/3
Activated partial thromboplastin time (n = 3) S 10.5-15.1 13.6 (12.9-16.2) 1/3 (1 above)
D-dimers (n = 3) ng/dL <135 <135 (<135-141) 1/3 (1 above)
Fibrinogen (n = 3) mg/dL 108-210 338 (174-390) 2/3 (2 above)
TEGR(h=12) min 2-5 3.6 (0.2-6.2) 5/12 (4 above)
TEGK (n =12) min 1-3 1.1 (0.8-1.6) 4/12 (0 above)
TEG angle (n = 12) degrees 58-75 75.2 (64.1-87.0) 6/12 (6 above)
TEG MA (n = 12) mm 47-65 71.4 (61.8-78.4) 9/12 (9 above)
TEG G value (n = 12) kdynes/s 4-8.9 12.7 (8.1-18.2) 9/12 (9 above)
TEG Ly30 (n = 12) % 0-8 0.0 (0-0.5) 0/12

Abbreviations: MA, maximum amplitude; NA, not applicable; SARDS, sudden acquired retinal degeneration syndrome; TEG, thromboelastography.

(A): Hematocrit

(B): Platelet count

FIGURE 1 Case-control
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nuclear sclerosis evident on clinical examination (7/7 SARDS and 6/7
controls); other clinically unimportant ophthalmic examination findings
included conjunctival hyperemia, mucoid ocular discharge or both
(3/7 SARDS and 1/7 controls), and punctate or incipient cataract (1/7
SARDS and 1/7 controls). One dog with SARDS previously had under-
gone enucleation OD because of trauma, before the onset of SARDS.

Fundus examination in control dogs was unremarkable apart from

mild peripheral tapetal mottling visible bilaterally in 1 dog. Fundus
examination in dogs with SARDS was mostly unremarkable, but 3 dogs
had evidence of mild vascular attenuation and mild diffuse tapetal
hyper-reflectivity and 1 of these dogs had a focal area of tapetal
hyper-reflectivity visible in 1 eye.

The CBC variables in the dogs with SARDS and controls are
shown in Figure 1A-D and Table 2. No significant difference was



Journal of Veterinary Internal Medicine AC\%’/IM | 953

LYNCH ET AL
American College of
Veterinary Internal Medicine
TABLE 2 Prospective case-control study: Serum biochemistry and CBC variables included in statistical analysis with statistical cutoff values
and P values.
Variable Units Reference interval SARDS Controls P value
HCT % 40.2-61.2 44.1 (37.3-49.0) 44.9 (43.3-54.3) 11
PCV % 39-58 44 (35-49) 44 (42-52) .25
Platelet count x10%/uL 190-468 326 (218-525) 334 (213-456) 49
Segmented neutrophil count x10%/uL 2.841-9.112 9.086 (5.908-9.599) 4.784 (2.791-8.393) .01
Plasma total protein g/dL 5.3-7.2 6.8 (5.7-7.3) 6.1(5.3-6.7) .03
Serum albumin g/dL 3.2-4.3 3.9(3.5-4.2) 3.8(3.3-4.2) .16
Serum globulins g/dL 1.8-3.4 2.9 (2.2-3.1) 2.4(2.0-2.6) .01
Note: Adjusted P value cutoffs are presented in Table S1.
Abbreviations: HCT, hematocrit; SARDS, sudden acquired retinal degeneration syndrome.
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found in hematocrit between dogs with SARDS and healthy con-
trols (Figure 1A, Table 2). Two dogs with SARDS had hematocrits
below the reference interval. Platelet count was not significantly
different between groups, but 2 dogs with SARDS had mild throm-
bocytosis (Figure 1B, Table 2). Plasma protein concentration was
not significantly different between groups, but 4/5 samples from

dogs with SARDS had increased plasma protein concentrations

(Figure 2C, Table 2). Two plasma samples from dogs with SARDS
did not have plasma protein concentration evaluated because of
lipemia. Three dogs with SARDS had evidence of mature neutro-
philia; the remainder of dogs with SARDS had mature neutrophil
counts within the reference interval (Figure 2D, Table 2), and these
results did not reach the P value cutoff for this portion of the

analysis.
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TABLE 3

values.
Variable Units Reference interval
R time min 2-5
K time min 1=3
G kdynes/s 4.0-8.9
Maximum amplitude mm 47-65
Angle degrees 58-75
Ly30 % 0-8
AT % 65-145
Fibrinogen mg/dL 150-490
D-dimer mg/mL 0-575
TAT ug/L 6.8-10.2

Note: Adjusted P value cutoffs are presented in Table S1.

Prospective case-control study: TEG and coagulation testing values included in statistical analysis with statistical cutoff values and P

SARDS Controls P value
4.6 (2.5-7.1) 4.7 (3.4-5.3) .81
1.1(0.8-1.7) 1.2(1-2) 49

12.7 (11.2-25.4) 10.6 (6.4-11.8) .04

71.7 (69.1-83.5) 68 (56.2-70.2) .02

74.8 (65.9-79.2) 72.2 (64.5-74.9) 22

0(0-0) 0(0-0.2) NP
.99

463 (391-680) 297 (166-393) .001

387 (62-658) 292 (79-826) .85

14.1 (2.4-154.9) 8.9 (2.9-133.5) .81

Abbreviations: AT, antithrombin; SARDS, sudden acquired retinal degeneration syndrome; TAT, thrombin-antithrombin; TEG, thromboelastography.

Two measurements from serum biochemistry were included in
the statistical analysis. Neither serum albumin nor globulin concentra-
tion (Table 2) met the P value cutoff for this portion of the analysis.
Additional urine and blood sample variables not included in the statis-
tical analysis are presented in Supplementary File 1.

Comparison of TEG variables between the 2 groups is presented
in Figure 2A-F and Table 3. There was no significant difference in
TEG variables, R time (Figure 2A, Table 3; 2/7 SARDS and 1/7 con-
trols had values above the reference interval) or K time (Figure 2B,
Table 3; 1/7 SARDS had a value below the reference interval). All
dogs with SARDS and 5/7 healthy control dogs were hypercoagulable
based on increased TEG G value. Dogs with SARDS had significantly
higher TEG G values compared to normal dogs (Figure 2C, Table 3) as
well as significantly higher MA values compared to controls
(Figure 2D, Table 3; 7/7 SARDS and 5/7 controls had values above
the reference interval). No significant differences were found
between dogs with SARDS and controls for the variables alpha angle
(Figure 2E, Table 3), or LY30 (Figure 2F, Table 3).

The remaining hemostatic biomarkers, AT, fibrinogen, D-dimers,
and TAT are presented in Figure 3A-D and Table 3. No significant dif-
ference was found in AT (Figure 3A, Table 3) between dogs with
SARDS and healthy controls. A mild increase in AT above the refer-
ence interval was identified in 1 dog with SARDS and 1 healthy con-
trol. Dogs with SARDS had significantly higher plasma concentrations
of fibrinogen compared to normal dogs (Figure 3B, Table 3). Two dogs
with SARDS but no control dogs were hyperfibrinogenemic. No signif-
icant difference in plasma concentration of D-dimers (Figure 3C,
Table 3) was found between dogs with SARDS and healthy controls.
One dog with SARDS and 2 control dogs had mildly increased
D-dimers. No significant difference in TAT was found between the
dogs with SARDS and healthy controls (Figure 3D, Table 3).
Thrombin-antithrombin activity was increased in 5/7 dogs with
SARDS and 3/7 control dogs. Strong positive correlations were found
between TEG-G and fibrinogen concentration (simple linear regres-
sion, R2:O.49; P = .01; Figure 3E) and TEG-MA and fibrinogen

concentration (simple linear regression, R? = 0.43; P = .01; Figure 3F).
No significant association was found between age and fibrinogen con-
centration (simple linear regression, R? = 0.05; P = .46; Figure 3G).

No significant differences in optical platelet aggregometry vari-
ables, performed using ADP or collagen were found between either
group of dogs. Data are summarized in Table 4.

4 | DISCUSSION

We identified several dogs with SARDS that had evidence of systemic
hypercoagulability. A pilot study identified hypercoagulability on TEG
in 9 of 12 dogs with SARDS. Furthermore, systemic hypercoagulability
was common in the prospective case-control study of dogs recently
diagnosed with SARDS, based on indicators of increased clot strength
on TEG (MA and G) and increased plasma fibrinogen concentrations.
Interestingly, matched controls also frequently had increased indica-
tors of clot strength on TEG tracings, although dogs with SARDS were
significantly more hypercoagulable. Based on this information, hemo-
static laboratory tests were not a useful discriminatory marker
between SARDS and controls, but could provide new insight into the
pathologic basis of the disease.

The pathogenesis of SARDS in dogs is incompletely under-
stood and diagnosis before the onset of vision loss is difficult.
Early biomarkers of the disease are needed so that effective thera-
peutic strategies can be investigated. Dogs with SARDS also
exhibit many systemic signs and laboratory abnormalities that
overlap with endocrinopathies.®*2 Dogs with SARDS might be
more likely to have kidney, respiratory and pancreatic disorders
around the time of their death compared to a general reference
population, but clinical studies are needed to verify this observa-
tion.® Hypercoagulability is known to be a feature of several sys-

disorders in c,>1e

18,19

temic dogs, including H protein-losing

nephropathy, and pancreatitis.?° Many of these conditions

overlap with systemic abnormalities seen in dogs with SARDS, but
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the prevalence of hypercoagulability in SARDS has not been inves-
tigated specifically.

Focal or multifocal retinal detachments frequently are identified
in dogs with SARDS.??42°> This finding is also commonly found in a
cause of acute painless vision disturbance in humans, central serous
chorioretinopathy (CSCR).242% Hypercortisolism is common in people
with CSCR.272 patients with CSCR have increased plasma fibrinogen
concentration®* and are at higher risk for thrombotic events. The pro-
posed pathophysiology is that thrombosis limits choroidal perfusion,
causing ischemic choroidal effusion and subsequent bullous retinal
detachment.?’ Patients with CSCR are also at a higher risk of

thrombotic events, including retinal vein occlusion®* and cerebrovas-
cular accidents.®> Consequently, we hypothesize that intravascular
thrombosis contributes to impaired choroidal circulation in dogs with
SARDS associated with a systemic hypercoagulable state. Indeed, a
study using fluorescein angiography in dogs with SARDS noted initial
hypofluorescence, which might indicate a vascular filling defect.?*
However, the choroidal circulation is more optimally imaged using
indocyanine green angiography or optical coherence tomography
angiography.®®

We completed a pilot study in which TEG was performed in a
group of 12 dogs with SARDS without overt signs of concurrent
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Platelet agonist Variable SARDS Controls P value TABLE 4 P.rospectlve‘ case-control
study: Comparison of optical platelet
ADP Amplitude (%) 62(8-103) 45(13-72) 42 aggregometry variables measured in dogs
Slope 75 (40-134) 79 (39-88) 26 with SARDS compared to healthy
Lag () 50 (42-65) 52 (40-62) .68 controls.
AUC 240.7 (3.2-459.3) 151.9 (30.9-310.5) .53
Collagen Amplitude (%) 60 (1-71) 7 (1-79) .04
Slope 66 (18-132) 18 (11-116) 1
Lag (s) 128 (16-360) 316 (8-360) 31
AUC 85.4 (0-208.9) 7.5 (0-202.5) 22

Note: Adjusted P value cutoffs are presented in Table S1.

Abbreviations: ADP, adenosine diphosphate; AUC, area under the curve; SARDS, sudden acquired retinal

degeneration syndrome.

iliness. A hypercoagulable state was identified in 9 of these dogs
based on increased MA and G value. The results of this study then
were used to determine an appropriate sample size for a prospective
case-control study. Interestingly, TEG evidence of systemic hypercoa-
gulability was identified commonly in both dogs with SARDS and
age- and breed-matched controls. Dogs with SARDS, however, were
significantly more hypercoagulable based on interpretation of TEG,
MA, and G value. Several additional tests were evaluated concurrently
in these dogs to better characterize their hemostatic profiles. Indica-
tors of clot strength on TEG (ie, MA and G) are influenced by fibrino-
gen content, platelet number, platelet function, and hematocrit.3”->8
Dogs with SARDS had evidence of significantly increased plasma
fibrinogen concentration compared to controls, which was positively
correlated with TEG MA and G values consistent with previous publi-
cations.®®3? No significant differences were found in hematocrit,
platelet number, or platelet function, as assessed by optical aggrego-
metry, between dogs with SARDS and their controls. Our data there-
fore suggest that the plasmatic components of hemostasis (i.e., an
excess of fibrinogen) impart a hypercoagulable state in dogs with
SARDS rather than the cellular components of blood. Hypercoagul-
ability also can arise as a result of a deficiency of antithrombin, an
endogenous anticoagulant,*® but such a deficiency was not identified
in dogs with SARDS or their controls.

Increased plasma fibrinogen concentrations indicate that systemic
inflammation was present in both groups of dogs, but to a significantly
greater extent in the SARDS group. Cross talk between inflammation
and coagulation is well described,***2 such that increased fibrinogen
plasma concentrations are associated with enhanced thrombosis
risk.3+4344 It was not possible with our study design to determine
whether the inflammatory response seen in dogs with SARDS was
acute or chronic. Other indicators of acute inflammation, such as neu-
trophilic leukocytosis, were lacking in dogs with SARDS, which sug-
gests longstanding inflammation is present in dogs by the time of
vision loss. Another challenge with interpretation of fibrinogen con-
centration is whether documented hypercoagulable state translates
into actual in vivo thrombus formation. Thrombin-antithrombin com-
plexes were measured as an indicator of clot turnover in our study.

These form when antithrombin inhibits and complexes with surplus

unbound thrombin in hypercoagulable states.*> No significant differ-
ences in measured TAT complexes were identified between dogs with
SARDS and controls, suggesting thrombin generation was not
enhanced. It is also possible, however, that sample size was too small
to identify differences in TAT complexes between groups in this study
leading to a type Il error.

We also evaluated D-dimers as an alternative indicator of clot
turnover. D-dimers are a subtype of fibrin degradation products
formed after plasmin-mediated dissolution of fibrin clots. D-dimers
had a higher association with thrombosis in dogs than TEG parame-
ters in a retrospective study.*® D-dimers were not significantly differ-
ent between dogs with early SARDS and matched controls in our
study, suggesting thrombogenesis and subsequent fibrinolysis were
not enhanced in this population. Impaired fibrinolysis is an additional
mechanism implicated in the development of hypercoagulability.
Hypofibrinolysis is less well characterized in dogs compared to pro-
thrombotic factor excess (eg, hyperfibrinogenemia) and antithrombo-
tic deficiency (eg, antithrombin loss). A factor implicated in the
prothrombotic tendency of people with CSCR is increased plasma
concentrations of plasminogen activator inhibitor-1 (PAI-1), an endog-
enous inhibitor of fibrinolysis, which induces a hypofibrinolytic
tendency.*” Excess of PAI-1 in mice also is associated with increased
hunger and weight gain attributed to an increase in body fat,*® similar
to clinical findings in dogs with SARDS. Hypercoagulable TEG tracings
and hyperfibrinogenemia in dogs with SARDS, without concurrent
increases in D-dimers, suggest the possible presence of hypofibrinoly-
sis that could fit with the observations seen in CSCR. The extent of
fibrinolysis on TEG was assessed in our study by evaluating LY30 and
did not differ between dogs with SARDS or controls. It is important to
note that no observed lysis is normal for most dogs on kaolin-
activated TEG (ie, LY30 = 0%). The addition of tissue plasminogen
activator to TEG improves the sensitivity for detecting perturbations
in fibrinolysis, although this approach typically is used when evaluat-
ing dogs for hyperfibrinolysis.**>° More work on the contribution of
hypofibrinolysis to prothrombotic states and defining laboratory
methods for evaluating fibrinolysis in dogs is warranted.>!

Our study had some limitations. We identified a biased popula-

tion of dogs with SARDS that underwent coagulation testing. The
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number of dogs enrolled in the prospective arms of our study also
was small. Although the pilot study provided data to inform an appro-
priate sample size for recognizing changes on TEG between groups, a
larger sample size might be needed to identify meaningful differences
in other hemostatic biomarkers. We also defined hypercoagulability
solely based on increased clot strength on TEG, indicated by MA and
G, consistent with previous publications.®?*?>">* We reported indica-
tors of the rate of clot formation, as recommended by veterinary-
specific guidelines.”® Changes in these variables, specifically
decreased R time, decreased K time, and increased alpha angle, also
have been seen in some animals with hypercoagulability, although
strong activators in kaolin-activated TEG can normalize these values.
We found positive correlations between MA and fibrinogen concen-
tration and G value and fibrinogen concentration, suggesting hyper-
coagulability was present in these animals driven by increased
fibrinogen. Furthermore, an inherent limitation of studies evaluating
hemostatic profiles in dogs with spontaneous disease is that coagula-
tion is a dynamic process. Consequently, the snapshot view of in vivo
hemostatic activity provides limited information. Despite this, we
have sampled dogs with recently diagnosed and more longstanding
SARDS, and consistently found changes suggestive of hypercoagul-
ability. Also, TEG evidence of hypercoagulability was identified, albeit
less severely, in matched controls in the prospective case-control
study. We intended to recruit control dogs without concurrent
ilinesses. Subclinical inflammation or other mild occult comorbidities
plausibly could have gone undetected in a population of older dogs.
Lastly, none of the dogs in any arm of our study had confirmed throm-
botic complications based on diagnostic imaging or necropsy. Future
studies in dogs using noninvasive choroidal vascular imaging tech-
niques are indicated, as have been performed in humans with
CSCR.5%%7 Hypercoagulability is just 1 contributor to thrombosis
development, along with changes in blood flow and endothelial dis-
ruption, as described by Virchow's triad. The interplay of these 3 fac-

tors is complex and challenging to characterize in individual dogs.
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