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Instructions to Authors

“Journal of Applied Animal Science” (JAAS)

Journal of Applied Animal Science is a peer-review
journal (2 issues/year; January-June and July-December)
which publishes papers that report on original research
covering broadly interdisciplinary of veterinary and animal
sciences with results of more than local regard. JAAS invite
and welcome submissions on existing new research from
basic to molecular. Articles published under our journal are

double-blind peer reviewed by at least 2 reviewers.

The author should follow the instructions below for
manuscript preparation and submit with covering letter.

1. Categories: JAAS accepts varieties of article,
including research articles, short communications, reviews
and also clinical reports.

2. Language. English articles are preferable;
however, both Thai and English manuscripts are acceptable,
with Thai and English abstracts.

3. Submission. Submission via email is our most
preferable way. However, submission of the manuscript is
acceptable by either paper (4 copies) or digital format (email).
Finally, digital format must be submitted. The submission
file is in MS-Word format or compatible software.

4. Format. The manuscript should be used A4 size
with margin of 2.54 cm (1 in), double spacing and
indentions by using tabs. Times New Roman font 12 points
is favored for English and Angsana New or TH SarabunPSK
16 points is desirous for Thai.

5. Components. The research manuscripts should
have sequential components as title page, abstract and 3-4
keywords, introduction, materials and methods, results,
discussion, conclusion, acknowledgements and references.
Title page, in both Thai and English, includes title,
author(s) and affiliation(s) for each author. Corresponding

author must provide full contact address and email.

a. Short communications or clinical reports:
These could be written as no sections, combination of results
and discussion or introduction and followed by several
presentation sections.

b. Reviews: The manuscript should start with
introduction and followed by demonstration sections and
conclusion.

6. Tables-Figures: Tables and figures must be
numbered by using Arabic numbers. The caption must be
written on the top of table or the bottom of figure. Tables
and figures should be put at the end of article. All tables
should be understandable by itself. All figures with high
quality should be prepared in black and white as separate
files.

7. References. Authors must be careful for the
reference formats of both in-text citations and bibliography.
In-text citations use author(s)-year in parentheses, the proper
format is (Smith 2008; Kennedy and Smith 2009; John
et al., 2010a, 2010b) or Smith (2008).Two authors use
“and” in between. Using “et al.,” when there are more than
2 authors. Multiple citations in a sentence must be in
chronological order first, then alphabetical order.
Bibliography should be in the last part of article and
arranged alphabetically by authors or title. List first 6
authors and followed by “et al.” when there are more than
6 authors. The title is followed the last author. Abbreviated
journals are according to the conventional ISO abbreviations
used by PubMed. One-word journal title must be spelled
out. Year of publication, volume, issue in parentheses, and

begin and end pages. These are examples of bibliography.
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Research Articles

Assessment of Two New Commercial Rapid Tests for
Canine N-terminal Pro-B-type Natriuretic Peptide to
Distinguish the Severity of Mitral Valve Disease in Dogs
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'Prasu-Arthorn Veterinary Teaching Hospital, Faculty of Veterinary Science, Mahidol University,
Salaya, Phutthamonthon, Nakhon Pathom, Thailand
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Received: 8 September 2021; Revised: 10 November 2021; Accepted: 15 November 2021

Abstract

N-terminal pro-B-type natriuretic peptide (NT-pro-BNP) is a potential cardiac biomarker released

primarily from ventricular myocytes. Previous studies in dogs suggest that the NT-proBNP assay can be used to
distinguish dogs with respiratory signs between congestive heart failure and primary respiratory illnesses.
The objective of this study is to determine and assess the clinical sensitivity and specificity of the two new NT-pro-
BNP immunoassay tests for distinguishing dogs affected by myxomatous mitral valve disease (MMVD)
between with and without congestive heart failure (CHF), as well as between dogs with MM VD and normal dogs.
Thirty-seven dogs were enrolled in this study. Thirty-two dogs were measured by the NT-proBNP immunoassay
test (Bionote®), including 11 healthy dogs, 11 dogs with MMYVD stage B2 (absence of CHF) and 10 dogs with
MMYVD stage C (presence of CHF). Twenty-eight dogs were measured by the NT-proBNP rapid detection kit
(Dianotech®), including 6 healthy dogs, 7 dogs with MM VD stage B2 and 15 dogs with MM VD stage C.

The median NT-proBNP concentration in dogs with MMVD stage C was significantly higher than the
median NT-proBNP concentration in dogs with MMVD stage B2 and normal healthy dogs (p-value <0.001).
The Receiver operating characteristic (ROC) curve analysis showed that serum NT-proBNP concentration could
differentiate dogs with CHF signs (MMYVD stage C) from dogs without CHF signs (normal healthy dogs and
MMVD stage B2. The area under the curve (AUC) was 0.932 and 0.928 for NT-proBNP Bionote® and Dianotech®
test, respectively. It also could discriminate dogs affected by MMVD with CHF (MMVD stage C2) from dogs
affected by MMVD without CHF (MMVD stage B2) with AUC of 0.818 and 0.867 for NT-proBNP Bionote® and
Dianotech® tests, respectively. In conclusion, the results suggested that serum NT-proBNP concentrations
tests from both companies could discriminate between dogs affected by CHF from those without CHF and normal

healthy dogs with reasonable accuracy.

Keywords: N-terminal pro-B-type natriuretic peptide, NT-pro-BNP, mitral valve disease, dogs

Journal of Applied Animal Science 2021; 14(2): 9-20.
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Introduction

Myxomatous mitral valve disease (MMVD) is the
most common acquired heart disease in dogs (Borgarelli
et al., 2012; Buchanan 1977). It often leads to congestive
heart failure (CHF) and cardiac-related death, eventually
(Borgarelli et al., 2012). Differentiation between dogs
affected by MMVD with and without CHF is quite
challenging. Diagnosis of mitral valve disease (MMVD)
with different stages in dogs has conventionally been made
on the basis of physical examination, cardiorespiratory
auscultation, thoracic radiography and echocardiography.
Unfortunately, clinical signs of MMVD are usually
non-specific and could be similar to some respiratory
tract diseases making it difficult to distinguish between
those two diseases just from the physical examination.
Detection of lung edema in the perihilar area from
thoracic radiography could also be used for identifying
dogs with CHF. However, in patients with severe
respiratory distress, this technique is limited. For this
reason, a biomarker that could be used to differentiate
disease severity would be helpful in the diagnosis of
dogs with MM VD clinically.

N-terminal pro-B-type natriuretic peptide (NT-
pro-BNP) is a cardiac peptide released primarily from
ventricular myocytes when stretching (Hosoda et al., 1991).
It is synthesized as a prohormone and cleaved into 2
peptide fragments, NT-pro BNP and C-terminal BNP
(C-BNP). They are increased in the blood circulation of
dogs with heart disease (Boswood et al., 2008; Oyama
et al., 2008). However, C-BNP is rapidly degraded and
unstable in blood circulation (Thomas and Woods 2003),
making it difficult to be used as a clinical biomarker.
In contrast, NT-pro-BNP is more stable with a longer
half-life than C-BNP (Mueller et al., 2004). In human

medicine, the NT-pro-BNP test has been used to

differentiate between patients with respiratory distress
cause from cardiac and non-cardiac causes (Alibay et al.,
2005; Januzzi et al., 2005). Evaluation of serum NT-
pro-BNP concentration is currently also recommended as
a screening test for patients suspected of heart failure
(Swedberg et al., 2005). Previous studies in dogs indicate
the use of NT-proBNP assays in differentiating the
presence of congestive heart failure from primary
respiratory diseases (Boswood et al., 2008; Fine et al.,
2008; Fox et al., 2015; Oyama et al., 2008). Recently, two
new NT-pro-BNP tests from Bionote® and Dianotech®
companies have been introduced for clinical use in
dogs with heart disease. Both tests are fluorescent
immunoassay which can quantitatively measure the
NT-pro BNP concentrations in dogs within minutes,
allowing clinicians to immediately decide the appropriate
treatment. A serum sample of 100 ul is recommended for
the Bionote® test. This test can detect NT-pro BNP
levels ranging from 500-10,000 pmol/L with a storage
temperature of 2-8 oC. For the Dianotech® test, the
detection range is 150-6,000 pmol/L. Either serum or
plasma sample is acceptable for this test. Moreover, its
storage temperature is broader than the Bionote® test,
with a temperature range of 4-30 °C.

This study aims to determine and evaluate
the clinical utility of these two new NT-pro-BNP tests
from the Bionote® and Dianotech® companies for
differentiating dogs affected by MM VD between with and
without CHF and between dogs with MMVD versus
normal dogs. We hypothesized that these two new NT-
pro-BNP assays could be used as diagnostic tests for
identifying dogs affected by MM VD with CHF from those
without CHF and dogs with MMVD from normal dogs.
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Meterials and Methods

Thirty-seven dogs visited at Prasu-Arthorn Small
Animal Teaching Hospital, Faculty of Veterinary Science,
Mahidol University, were enrolled in the study after their
owners have signed consent forms. The protocol used in
this study was approved by Mahidol University-Institute
Animal Care and Use Committee of the Faculty of
Veterinary Science, number MUVS-2017-12-57. All
enrolled dogs underwent complete physical examination,
thoracic radiography, echocardiography, and electrocardio-
graphy. Diagnosis of mitral valve disease (MMVD) was
made based on echocardiographic findings of thickened
or prolapsed mitral leaflets with evidence of color-flow
mitral regurgitation. American College of Veterinary
Internal Medicine (ACVIM) staging system was used to
classify the severity of dogs with MMVD. Stage B2 was
defined by detection of echocardiographic evidence of
cardiomegaly, including the left atrial to the aorta (LA:
Ao) ratio >1.6 and the normalized left ventricular internal
diameter in diastole >1.7, but without clinical signs of CHF.
Stage C was defined by the presence of CHF signs with
evidence of cardiac enlargement as mentioned above in
stage B2 (Keene et al., 2019). Animals were divided into
three groups: 1. Normal healthy dogs as a control group,
2. MMVD stage B2 group and 3. MMVD stage C group.
Three milliliters (ml) of blood were obtained from each
patient. Two ml of blood were placed in the EDTA tube
and Heparinized tube to measure complete blood count
(CBC) and routine biochemistry. Dogs with abnormalities
of hematological and/or biochemical parameters were
excluded from the study. The remaining 1 ml was placed
in a plain tube, and serum was separated by centrifugation
and was kept at -80°C until analyses. Canine NT-proBNP
immunoassay test (Bionote®) and canine NT-proBNP rapid
detection kit (Dianotech®) were used to determine serum

NT-proBNP concentrations.

Measurements of both assays were according to
the product instrustions (https://www.bionote.com/vcheck-
canine-nt-probnp, and https://irp-cdn.multiscreensite.
com/20fadla2/files/uploaded/Dianotech%?20
Fluorescence%20Quatitative%Analyer.pdf for products
of the Bionote® and Dianotech respectively).

The attending laboratory was blinded to the
clinical classification of the cases to avoid bias in the analy-

Sis.

Statistical analysis

Normal distribution was tested by the Shapiro Wilk
test. Data were present as mean and standard deviation (SD)
if data were normally distributed or median and interquartile
range if data were not normally distributed. ANOVA or
Kruskal-Wallis test was used to determine the difference
of age, body weight and NT-proBNP concentration
among the groups. The chi-square test was used for the
proportion between females and males among the groups.
Receiver Operating Characteristic (ROC) curve was
plotted to identify the sensitivity, specificity and area
under the curve (AUC) and suggested cut-off values of
NT-proBNP concentrations. P-value <0.05 was considered

significant.

Results

Thirty-seven dogs were included in this study,
32 dogs were analyzed for the canine NT-proBNP
immunoassay test (Bionote®) and 28 dogs were analyzed
for the canine NT-proBNP rapid detection kit (Dianotech®).
Of the 32 dogs with Bionote® test, 11 were considered nor-
mal healthy, 11 were considered MMVD stage B2 and 10
were considered MMVD stage C. Six from 11 dogs of the
normal healthy group were Chihuahuas. Three were
Poodles, 1 was Pug and 1 was Miniature Pincher. Dogs

with MMVD stage B2 consisted of 4 Chihuahuas, 2
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Pomeranian and 1 of each following breed: Poodle,
Yorkshire Terrier, Shih Tzu, Dachshund and mixed-breed
dog. The MMVD stage C group included 3 Chihuahuas, 3
Shih Tzus, 3 mixed-breed dogs and 1 Poodles. Of the 28
dogs with Dianotech® test, 6 were classified in the normal
healthy group, which consisted of 2 Chihuahuas, 2 Poodles,
1 Pug and 1 Miniature Pincher. Seven were classified in
MMYVD stage B2 group, which comprised 3 Chihuahuas
and 1 of each following breed: Pomeranian, Yorkshire
Terrier, Poodle and mixed-breeding. Fifteen were
considered MM VD stage C, which included 5 Chihuahuas,
4 mixed-breeding, 3 Poodles, and 3 Shih Tzus. All dogs
enrolled in stage C were in the chronic stage of CHE.
Demographic data and NT-proBNP concentrations of
the 3 groups measured by the canine NT-proBNP
immunoassay test (Bionote®) and the canine NT-proBNP
rapid detection kit (Dianotech®) were present in Table 1

and Table 2, respectively. Data were reported as a median

and interquartile range because the data were not
normally distributed. The median age, the median body
weight and the proportion of females versus males were
not significantly different among the groups. From the 32
samples of the Bionote® test, there were two outliers of
body weight in the MMVD stage B2 group (14.2 and 13
kg) and one outlier in the MM VD C group. (16.4 kg). From
the 28 samples of the Dianotech® test, there were one
outlier of body weight in the MMVD stage B2 group
(14.2 kg) and two outliers in the MMVD C group (16.4
and 16 kg). For both NT-proBNP tests, the median
NT-proBNP concentration in dogs with MMVD stage C
was significantly higher than the median NT-proBNP
concentration in dogs with MMVD stage B2 and normal
healthy dogs (p-value <0.001) (Table 1, 2 and Figure 1).
The NT-proBNP levels measured by the Bionote® test in
the normal dogs and dogs with MM VD stage B2 were equal

at 500 pmoL/L because of the testis detection limit.

Table 1. Demographic data and NT-proBNP concentrations of 32 dogs measured by the canine NT-proBNP immunoassay

test (Bionote®). Data was present as median and interquartile range.

. Normal dogs MMVD stage B2 MMVD stage C p-
Variables
(n=11) (n=11) (n=10) vaule
Age (years) 7 (5-10.5) 11 (9.25-13) 10.05 (8.98-13.03) 0.065
Body weight (kg) 4.53.7-7.2) 5.4 (4.5-8.2) 5 (4.28-7.08) 0.606
Female (percent) 7/11 (63.6) 2/11 (18.2) 6/10 (60%) 0.062
NT-proBNP (pmoL/L) 500 (500-762) 500 (500-4817.5) 2189.9" (646.7-5198.7) <0.001

*Significantly different (p<0.01) from the other groups.

Table 2. Demographic data and NT-proBNP concentrations of 28 dogs measured by the canine NT-proBNP rapid

detection kit (Dianotech®). Data was present as median and interquartile range.

. Normal dogs MMYVD stage B2 MMYVD stage C p-
Variables
(n=6) (n=7) (n=15) vaule
Age (years) 7.25 (4.8-10.88) 11 (6-13) 10.1 (8.9-13) 0.232
Body weight (kg) 5 (3.6-7.63) 5.1 (4.5-6.1) 4.8 (4.3-7.5) 0.86
Female (percent) 4/6 (66.7%) 2/7 (28.6%) 7/15 (46.7%) 0.389
NT-proBNP (pmoL/L) 172 (150-445) 353 (266-2,295) 1,3417 (471-6,785) <0.001

“Significantly different (p<0.01) from the other groups.
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Figure 1. (A) A box plot demonstrates NT-proBNP concentrations measuring by canine NT-proBNP immunoassay test
(Bionote®) (blue box) in 11 normal healthy dogs, 11 dogs with MMVD stage B2 and 10 dogs with MM VD stage C. (B) A
box plot demonstrates NT-proBNP concentrations measuring by canine NT-proBNP rapid detection kit (Dianotech®)
(green box) in 6 normal healthy dogs, 7 dogs with MMVD stage B2 and 15 dogs with MMVD stage C. The whiskers
represent the range of values, the box represents the 25" and 75" percentiles and the line within the box represents

the median of data. Outliers are shown by individual points.

ROC curve analysis showed that serum NT-proBNP and 0.928 for NT-proBNP Bionote® and Dianotech® tests,
concentration could differentiate dogs with CHF signs respectively (Figure 2). Suggested cut-off values for
(MMVD stage C) from dogs without CHF signs (normal differentiation of dogs with CHF signs from those
healthy dogs and MMVD stage B2). The AUC were 0.932 without CHF signs were established in Table 2.
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Figure 2. ROC curves discriminate dogs with CHF signs from dogs with no CHF signs. (A) AUC were 0.938 for
NT-proBNP Bionote® test and (B) 0.923 for NT-proBNP Dianotech® test.
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Table 3. Suggested cut-off values of NT-proBNP test with sensitivity and specificity for the differentiation of dogs

with CHF and no CHE.

Assay Suggested cut-off value Sensitivity (%) Specificity (%)

Canine NT-proBNP 633.7 pmol/L 100 77.3

immunoassay test 772 pmol/L 90 81.8

(Bionote®) 1,440 pmol/L 80 90.9

1,646 pmol/L 70 95.5

Canine NT-proBNP rapid 458 pmol/L 100 84.6

detection kit (Dianotech®) 705 pmol/L 80 92.3

2,378 pmol/L 26.7 100

ROC curve analysis also displayed that serum NT-proBNP
concentration could discriminate dogs affected by MM VD
with CHF (MMVD stage C2) from dogs affected MM VD
without CHF (MMVD stage B2). The AUC were 0.818
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and 0.867 for NT-proBNP Bionote® and Dianotech® tests,

respectively (Figure 3). Suggested cut-off values for

differentiation between these 2 stage of MMVD were

established in Table 3.
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Figure 3. ROC curves discriminate dogs with MMVD stage C from dogs with MMVD stage B2. (A) AUC were 0.818
for NT-proBNP Bionote® test and (B) 0.867 for NT-proBNP Dianotech® test.
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Table 4. Suggested cut-off values of NT-proBNP test with sensitivity and specificity for the differentiation of dogs

with MMVD stage C and stage B2.

Assay Suggested cut-off value Sensitivity (%) Specificity (%)
Canine NT-proBNP 633.7 pmol/L 90.9 63.6
immunoassay test 1,440.7 pmol/L 72.7 81.8
(Bionote®) 1,646.15 pmol/L 63.6 90.9
Canine NT-proBNP 444.5 pmol/L 100 71.4
detection kit (Dianotech®) 546 pmol/L 80 85.7
2,250 pmol/L 26.7 100

Serum NT-proBNP concentration could also be used to
discriminate dogs with MMVD (MMVD stage B2 and C)
from normal healthy dogs (normal control). The AUC were

0.789 and 0.932 for NT-proBNP Bionote® and Dianotech®
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tests, respectively (Figure 4). Suggested cut-off value for

differentiation of dogs with MMVD from those without

MMVD signs was established in Table 4.
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Figure 4. ROC curves discriminate dogs with MMVD stage B2 and C from normal healthy dogs. (A) AUC were 0.789
for NT-proBNP Bionote® test and (B) 0.932 for NT-proBNP Dianotech® test.
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Table S. Suggested cut-off value of NT-proBNP test with sensitivity and specificity for discriminating dogs with

MMVD stage B2 and C from normal healthy dogs.

Assay Suggested cut-off value Sensitivity (%) Specificity (%)
NT-proBNP V-check test 565.8 pmol/L 68.2 90.9
(Bionote®)
Canine NT-proBNP 224.5 pmol/L 100 66.7
detection kit (Dianotech®) 400 pmol/L 81.8 83.3
458 pmol/L 71.3 100

Discussion

The results of this study showed that serum NT-
proBNP concentrations when measured by canine test from
Bionote® and Dianotech® can discriminate between dogs
with CHF signs from dogs without CHF signs, and
between dogs with MMVD stage C from dogs with
MMYVD stage B2.

In the present study, serum NT-proBNP concentra-
tions from both companies (Bionote® and Dianotech®) were
significantly higher in dogs with CHF (MMVD stage C)
than in dogs with evidence of MMVD and cardiomegaly
but without CHF (MMVD stage B2) and normal healthy
dogs. The ROC curve analysis suggested that serum NT-
proBNP concentrations could be used to discriminate these
groups. For the canine NT-proBNP immunoassay test
(Bionote®), the authors recommended using the cut-off
value of 772 pmol/L, which yielded a sensitivity of 90%
and specificity of 81.2%. The high sensitivity (90%)
indicated that most dogs with CHF have serum NT-proBNP
concentrations higher than 772 pmol/L. Additionally, the
high specificity (81.2%) indicated that most dogs with
NT-proBNP concentrations higher than this cut-off would
truly have CHF. Another suggestive cut-off value could be
633.7 pmol/L, which yielded a sensitivity of 100% and
specificity of 77.3%. A 100% sensitivity indicated that all

dogs with CHF have serum NT-proBNP concentrations

higher than this cut-off value which meant dogs with
serum NT-proBNP concentration lower than this cut-off
value could truthfully rule out CHF. However, its
specificity was lower than the first suggestive cut-off value.
The moderate specificity (77.3%) indicated that some dogs
with serum NT-proBNP concentrations higher than this
value might falsely interpret for developing CHF, and other
confirmative procedures such as thoracic radiography
and echocardiography, are further suggested to identify
CHF. For the canine NT-proBNP rapid detection kit
(Dianotech®), only one suggested cut-off value of 458
pmol/L was recommended. This cut-off value had 100%
sensitivity indicated that all dogs with serum NT-proBNP
concentration lower than this cut-off can truly rule out
CHF. It also had good specificity at 84.6%, indicating
that only a small amount of dogs without CHF had serum
NT-proBNP concentration higher than this level. Other
suggested cut-off values were not recommended due to
their inappropriate sensitivity and specificity.

In dogs with MMVD, ROC curve analysis
revealed that serum NT-proBNP concentration could
differentiate dogs with CHF (MMVD stage C2) from
dogs without CHF (MMVD stage B2). For the canine
NT-proBNP immunoassay test (Bionote®), the authors
recommended using the cut-off value of 633.7 pmol/L,

which yielded a sensitivity of 90.9% and specificity of
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63.6%. The high sensitivity (90.9%) indicated that most
dogs with MMVD stage C have serum NT-proBNP
concentrations higher than 633.7 pmol/L. However, its
specificity was too low (63.6%) to be used as a basis for
clinical diagnosis. For the canine NT-proBNP rapid
detection kit (Dianotech®), the authors recommended
using the cut-off value of 444.5 pmol/L, which yielded a
sensitivity of 100% and specificity of 71.4%. A 100%
sensitivity indicated that all dogs with serum NT-proBNP
concentration lower than this cut-off could truly rule out
MMVD stage C. The moderate specificity at 71.4 %
indicated that some dogs with MMVD stage B2 might
have serum NT-proBNP concentration greater than this
level. Echocardiography and thoracic radiography are
further recommended to confirm MMVD stage C.
Previous study from Oyama et al. (2008) has reported
the high levels of NT-proBNP concentrations in dogs
with heart diseases and its usefulness in distinguishing
dogs affected by MM VD between with and without CHE.
They reported that serum NT-proBNP was significantly
higher in dogs with CHF than dogs with heart disease
without CHF. The ROC curve with AUC 0.83 and
a suggested cut-off value of serum NT-proBNP
concentration >1,725 pmol/L demonstrated that serum
NT-proBNP concentration could be used to discriminate
dogs affected by MMVD with CHF from those without
CHF with a sensitivity of 88.2% and specificity of 76.7%
(Oyamacet al., 2008). All suggestive cut-off values obtained
from this study were lower than the value in the previous
study. The difference of these cut-off values could be
due to the difference of serum NT-proBNP tests
(Canine Cardiocare NT-proBNP, Irvine, Calif vs. Canine
NT-proBNP immunoassay test (Bionote®) and canine
NT-proBNP rapid detection kit (Dianotech®)). The

manufacturers of NT-proBNP tests from Bionote® and

Dianotech® suggest that dogs with heart failure (MMVD
stage C) will have serum NT-proBNP levels > 1,800
pmol/L and >800 pmol/L, respectively. These cut-offs
are higher than the results in the present study. As a result,
more research is needed to optimize the cut-off values of
these two companies for clinical usage.

When using these 2 NT-proBNP tests to distinguish
dogs affected by MMVD (MMVD stage B2 and C) from
normal healthy dogs, the ROC curve analysis demonstrated
several cut-off values to differentiate between these groups.
For the canine NT-proBNP immunoassay test (Bionote®),
the authors did not suggest any cut-off value due to its
inappropriate sensitivity or specificity. At a cut-off
value of 565.8 pmol/L, serum NT-proBNP level had a
sensitivity of 68.2% and specificity of 90.9% for
discriminating dogs with MMVD from normal dogs.
The clinical utility of this cut-off value in this setting was
limited by its low sensitivity. This indicated that some
dogs with MMVD stage B2 and C might have serum NT-
proBNP concentration lower than this cut-off (false
negative). For the canine NT-proBNP rapid detection kit
(Dianotech®), a suggested cut-off value of 224.5 pmol/L
had 100% sensitivity indicated that all dogs with serum
NT-proBNP concentration were lower than this cut-off
could truly rule out MMVD stage B2 and C. However, the
specificity was quite low (66.7%), indicating that several
normal dogs would have serum NT-proBNP concentration
higher than this cut-off (false positive). A suggested
cut-off value of 458 pmol/L had 100% specificity indicated
that all dogs with serum NT-proBNP concentration
higher than this cut-off truly had MMVD stage B2 or C.
The moderate sensitivity at 77.3 % indicated that some
dogs with MMVD stage B2 or C might have serum NT-
proBNP concentration lower than this level. These

sensitivity and specificity were quite close to the previous
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study by Oyama et al. (2008), which investigated serum
NT-proBNP concentration in dogs with mitral valve
disease (MMVD) and dilated cardiomyopathy (DCM)
compared with healthy dogs. They reported that serum
NT-proBNP was significantly higher in dogs with heart
diseases than in normal control dogs. The ROC curve
with AUC 0.92 and suggested cut-off value of serum
NT-proBNP concentration > 445 pmol/L demonstrated
that serum NT-proBNP concentration could be used to
discriminate dogs with heart diseases (MMVD or DCM)
from healthy normal dogs with a sensitivity of 83.2%
and specificity of 90% (Oyama et al., 2008).

The suggestive cut-off values for differentiating
dogs with CHF from those with no CHF of the Bionote®
assay are generally higher than the Dianotech® assay. The
sensitivity and specificity of the Dianotech® assay were
slightly higher than the Bionote® assay. There are some
advantages of the Dianotech® assay when compared to the
Bionote® assay, including less sample volume for analysis
(50 uL vs. 100 uL), less detection time (10 min vs. 15
min), broader storage temperature (4-30oc vs. 2-8oc). In
addition, both serum and plasma samples can be used in
the Dianotech® assay. This is contrast to the measurement
of the Bionote® assay, which requires only a serum sample.
However, significant differences do not exist between
these two assays. According to this result, the authors
recommended that these two assays can be used
alternatively with different cut-off values as screening
tests for identifying dogs affected by MM VD with CHF.

There were some limitations in this study. First, the
relatively small sample size in each group might result in
less significant diagnostic power for differentiation dogs
between the groups. Another limitation was that the sample
size of each group in Bionote® and Dianotech® NT-proBNP
tests was not equal Lastly, the study was lack of positive

and negative control to validate the tests. These limited a

comparison of diagnostic accuracy in the differentiation
of dogs with MMVD between these two tests. Despite
these limitations of the sample size, these two tests
remained satisfactory results in discriminating the CHFE.
This study was considered a preliminary study, and further
investigations with more sample sizes in each group are
expected to support our results.

In conclusion, the results of this study suggested
that serum NT-proBNP concentrations from the new tests
of both companies could be used to discriminate between
dogs with CHF from those without CHF and normal
healthy dogs with acceptable accuracy, but at different
cut-off values. It has shown that the measurement of
serum NT-proBNP concentrations by these tests would
be helpful as an adjunctive clinical assessment for
identifying dogs with CHF and evaluating the severity of
MMVD in dogs.
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Abstract

This study aimed to estimate the number and distribution of crocodiles in Bueng Boraphet, Nakhon Sawan
Province, Thailand. The surveys were conducted between November 2017 and August 2018. The data was
obtained from nighttime spotlight and daylight visual surveys using motorboat along two line transects totaling
38 kilometers and covered an area about 7.6 square kilometers of Bueng Boraphet coastal area. Our results
revealed that the number of crocodiles was at least 17 individuals with density of 2.24 individuals per square
kilometers. The calculated population of crocodiles in the Bueng Boraphet was estimated to be about 17-37
individuals. In this study, most crocodiles were found in the first transect line located in the aquatic sanctuary
area where all fishery is strictly prohibited. It shows that human activities directly affect crocodile encounters and
these small numbers of crocodiles in Bueng Boraphet remain critically endangered. Therefore, the implementation
of protection action is a high-priority project that needs to be done first before further restocking can be
undertaken. Bueng Boraphet can be developed into national natural crocodile conservation, while eco-tourism
activities can be expanded in such area. Furthermore, population surveys should be carried out continuously
to determine population dynamics and develop a crocodile surveillance system. At the same time community
engagement should be initiated to support the system to sustainable conservation.

Keywords: Population, Crocodiles, Bueng Boraphet, Thailand

Journal of Applied Animal Science 2021; 14(2): 21-32.
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Introduction

In Thailand, three species of crocodilians are
historically abundant throughout the country consisting of
the Siamese crocodile (Crocodylus siamensis), saltwater
crocodile (Crocodylus porosus), and false gharial
(Tomistoma schlegelii). However, the Siamese crocodile
is the species normally found in natural freshwater
ecosystems such as rivers, swamps, wetlands in lowland
central and eastern Thailand, particularly in the Yom, Ping,
Chao Phraya, and Pasak River in the past (Smith 1919;
Taylor 1969). Recently, their wild population is
dramatically depleting due to habitat destruction, illegal
fishing, and crocodile poaching (Bezuijen et al., 2012).
In addition, many people believe that crocodiles are
dangerous animals that can harm humans, pets, and
livestock (Aust et al., 2009; Gopi and Pandav 2009). The
population of Siamese crocodiles remaining in the wild is
scattered in different areas and each area has very small
individuals. (Ratanakorn et al., 1994; Platt et al., 2002).
Currently, several small remnant populations of wild
Siamese crocodiles are found scattered in protected areas
including Thung Salaeng Luang National Park, Pang Sida
National Park, Kaeng Krachan National Park, Yod Dome
Wildlife Sanctuary, Khao Yai National Park, Khao Ang Rue
Nai Wildlife Sanctuary, and Bueng Boraphet Non-
Hunting Area (Manolis 2017). Hence, there is a great risk
of the extinction of Siamese crocodiles in the near future.

In the past, Bueng Boraphet was a natural swamp.
Later, a weir was built to store water and become wetlands
permanently. Therefore, Bueng Boraphet is the largest
man-made freshwater reservoir located in central Thailand
surrounded by local communities (Sriwongsitanon et al.,
2007). This is an internationally important wetland
proposed as the Ramsar site due to its high biodiversity

(Office of Environmental Policy Planning 2002). Many

rivers carry silts and nutrients flow into the swamp which
makes this place suitable for the growth of various aquatic
planktons, plants, and is also a proper to be habitat for
numerous important wildlife, including aquatic species,
birds, and the Siamese crocodile (Office of Environmental
Policy Planning 2003; Chaichana and Choowaew 2013).
There are records of crocodile sightings from the past to
present but the precise status of crocodiles over time in
Bueng Boraphet has never been scientifically evaluated.
Moreover, people use the area for a variety of purposes,
including utilizing natural resources for household
consumption or as a source of income, water reservoirs for
agriculture activities, and tourist attractions. The beautiful
scenery of nature in Bueng Boraphet could be the model
and develop sustainable conservation work and promote
eco-tourism (Khundiloknattawasa 2019). Therefore, it is
necessary to understand populations and habitats to
obtain basic information of crocodiles in Bueng Boraphet
because no population surveys have been conducted in
the area before, and it is necessary for resources
management.

The Siamese crocodile is now listed as a critically
endangered species by the IUCN and Office of Natural
Resources and Environmental Policy and Planning,
Thailand. Since 1992, the IUCN/SSC Crocodile Specialist
Group has established the Crocodile Action Plan and
Siamese crocodile has been listed as the highest priority
for action. The basic survey and identification of habitat
and population should be done immediately to prevent
extinction and to build a basis of specified management
and conservation action (Ross 1998). Thailand has
well-organized protected areas so implementation of
protection of habitat and restocking of the population is
the high priority action that should be done (Manolis and

Stevenson 2019). However, there is still inadequate policy
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and financial support, and a lack of proper studies of
population, habitat, and factors affecting the survival
which is necessary for habitat management planning in
the country. Consequently, the crocodile conservation
projects in Thailand are urgently needed. The umbrella
project of crocodile conservation in Thailand consists of
(1) studying the population of crocodiles in the natural
habitat, (2) social studies to initiate a participatory
conservation approach, and (3) restoring the population
of crocodiles in protective areas. Thus, this study was
designed to estimate the number and distribution of
crocodiles in Bueng Boraphet which is a fundamental
first step towards developing a sustainable management
protocol. The data obtained from the surveys was used to
assess factors that influence crocodile habitat use which
will be used to determine the suitability of the area as a
crocodile habitat and develop sustainable management

plans for this vulnerable species.

Materials and Methods

Study area

This study was conducted in Bueng Boraphet
located in Nakhon Sawan Province, central Thailand.
The geographical location is between latitude of 15°40'N
and 15°45'N and longitude of 100°10'E and 100°23'E.
It is a semi-natural swamp covering an area of 212
square kilometers. The area is divided the area into 2 zones.
Zone 1 is an aquatic sanctuary area where all fisheries
are strictly prohibited, and zone 2 is an area where
people are allowed to do the fishery by using permitted
equipment only. Therefore, we designed two transect
lines for the crocodile survey according to the mentioned
zoning. The first line transect was 20 kilometers in zone

1 and the second line transect was 18 kilometers in zone

2 (Figure 1).

o
Transect line 1 |
m—  Transect line 2 |
Aquatic sanctuary area f ,,
* Bueng Boraphet Non-Hunting Area headquarter | :‘::'\&,-':P

Figure 1. Location of the study area and transect lines for spotlight survey.
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Survey Methods

The surveys were done between November 2017
and August 2018. We conducted 36 nocturnal spotlight
surveys in the first transect line and 28 in the second
transect line. Moreover, we did 33 daytime surveys in the
first transect line and 27 in the second transect line.

A motorboat was used to explore the transect
lines. On the night, spotlight surveys (Bayliss 1987; Fukuda
etal., 2013) were used for collecting data. Crocodiles were
counted along the study routes by observing “Eye-shine”
because their eyes have tapetum lucidum that will reflect
light when exposed to light from our light sources. A
hand-held LED spotlight of at least 100W was used as the
light source. During the survey, spotters will hold light
sources in a horizontal plane at an angle of 180 degrees
to the surface of the water, which makes it possible to
observe eye-shine well. The average speed of the boat was
about 23-26 km/h and this reduced upon each sighting to
approach the crocodile as close as possible and estimate
its size. A crocodile was recorded as a hatchery if their size
was less than 1 meter, a juvenile if their size was between
1 to 1.8 meters, an adult if body length was more than 1.8
meters, unknown when it cannot be identified, and pod
if we found a group of hatcheries. The geographic
coordinates of each sighting spot were logged using GPS.
We recorded time, air and water temperatures and the
relative humidity for all surveys. Moreover, we conducted
walking surveys on a day mainly in the location where
the crocodile had been spotted during previous nocturnal

spotlight surveys for observed footprints, tail marks.

Data analyses
The relative abundance was estimated from
collected data and the population observed in the area

during per transect during the study period was analyzed.

The relative abundance was calculated as the number of
crocodiles observed per kilometer (Bayliss 1987). The
sighting area was calculated by total line transect distance
multiplied by the estimated sighting distance from the
observer and shore (200 meters). The encounter rate of
the total survey was calculated. In addition, the sighting
fraction can be calculated from the formula (King et al.,

1990).

N=Z1 [L96(sD)]L/?

» »

where p is a percentage of the population observed, is the
average number of crocodiles spotted, and SD is the
standard deviation. Then, crocodile population size with
95 percent cent confidence limits was calculated from

the following equation (Messel et al., 1981).

Results

From November 2017 to August 2018, the
maximum air temperature was 31.5 Celsius and the
minimum was 18.3 Celsius. Whereas, the maximum air
temperature was 32.1 Celsius and the minimum was 19.2
Celsius. The water temperature was warmer than the air
temperature. The average temperature difference was 1.6
Celsius. There was a 10.8 Celsius difference on a windy
day. The maximum the relative humidity was 91.2 and the
minimum was 60.5. A total of 45 crocodiles were
observed at night time. One crocodile was found in the
daytime (Figure 3). In 38 kilometers of survey distance,
the encounter rate was 1.211 individuals per kilometer
overall range. When comparing the coordinates where
the crocodile was found, time, and characteristics of each
individual from overall surveys, we estimated observed
crocodiles at least 17 individuals in the overall transect
lines which 14 crocodiles were spotted in the first

transect line and three crocodiles were found in the
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second transect line. In addition, two more crocodiles
were found outside the study tracks (Figure 2). From
all the observed data, they were classified to 4 hatchlings
(body length less than 1 meter), 8 juveniles (body length
1 to 1.8 meters), 3 adults (body length over 1.8 meters),
and 4 unknowns. Crocodiles are often found near shore.
99.39% of the habitat where crocodiles were found had
floating wetland vegetation (e.g., water hyacinth, sedges,
reeds, lotus, cattail), and 69.48% of the areas had dense

grasses, shrubs, and trees at the coastline.

Transect line 1

Transect line 2

o Crocodile

Bueng Boraphet Non-Hunting Area headquarter

The relative abundance was 2.24 crocodiles
per square kilometer. Furthermore, the calculated the
population of crocodiles on the survey line is 7.6 square
kilometers were 5.91944.343 individuals and a density
of 0.779£0.571 individuals per square kilometer. Bueng
Boraphet covers a total area of 212 square kilometers.
The calculated population of crocodiles in the Bueng
Boraphet area was estimated to be about 5-37. Thus, it was
concluded that the crocodile population in the study

area was 17-37 when comparing the calculated

population with observed coordinates.

Figure 2. Distribution of crocodiles from spotlight surveys.
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Figure 3. Photographs of the crocodiles found during the surveys.

Discussion

According to historical records, crocodiles have
been discovered all around Thailand. However, their
population is dramatically declined even Thailand has
more than forty important lowlands and wetlands.
There are a few places where the Siamese crocodiles can
survive in their natural environment. Bueng Boraphet is
one of the sites where still have reports of crocodiles
inhabited since the past to present (Taylor 1969; Smith
1919; Ratanakorn et al., 1994; Platt et al., 2002). Formerly,
up to a hundred individuals were most found in Bueng
Boraphet. However, there was a recent report found 8
adult Siamese crocodiles during the spotlight survey
(Manolis 2017). We found a similar trend from our
results which indicated that the population of crocodiles

in Bueng Boraphet is 17-37 individuals with at least

three adults and three unknowns. However, we could not
confirm their population structure because the crocodiles
were attentive to changing stimulus. Most crocodiles dove
into the water or hid behind floating plants before the
observer could estimate body length. In our study, most
crocodiles were found in the first transect line located in
the aquatic sanctuary area where strict regulations are
implemented to protect fish breeding sites. It shows that
human activities directly affect crocodile encounters.
Fishing regulations in the protected zone can prevent the
killing and unintentional catching of crocodiles in fishing
nets (van Weerd and van der Ploeg 2003). Crocodiles will
have a low incidence of being harmed by fishing gear.
Furthermore, this protected zone has higher biological
resources such as macrophytes and fish compared with a

fishing zone (Chaichana and Choowaew 2013). We mostly
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found crocodiles in dense wetland vegetation environment.
Similarly, Crocodylus siamensis preferably abundant in
still water in the Sre Ambel River where their habitat is
dominated by sedges, extensive mats of water hyacinth,
floating grasses, and scattered tree cover along the river.
The vegetation is important for a hiding place and
material for nesting (Platt et al., 2006).

There are some limitations of this study. Although,
spotlight surveys are the most common method of
crocodile research because crocodiles are difficult to see
especially during the daytime but they are easily visible at
eye-shine when the light is reflected. The obtained data
can provide precise indices of abundance. However, there
is visibility bias that can lead to inaccurate observations
associated with various factors including animal behavior,
degree of wariness, vegetation covering, and weather
(Bayliss 1987; Fukuda et al., 2013). Since crocodiles can
hardly be seen directly. Therefore, it is necessary to assess
the population using obtained data and calculated using
the sighting fraction (Messel et al. 1981; King et al., 1990).
In Bueng Boraphet, there are many canals with high
sinuosity or densely covered with vegetation which can be
visibility bias of this study. On rainy days, the reflections
from the crocodile’s eyes are obscured by reflections
from water droplets or dew. Hence, our study started after
the rainy season to minimize that error and to avoid
an accident that might occur from strong winds during
traveling by boat in a large open water area. The water
depth of the swamp seasonally changes because it served
as a flood control area in the rainy season and water
resource in the dry season for local communities to rely on
(Haqg et al., 2018). There were slight changes in the survey
route due to lower water levels affecting areas accessible
by boat. Therefore, there are challenges in designing the

survey route to cover the entire area. Interestingly, the most

common area where crocodiles are found is in a small
canal called Khlong Boraphet which has Chao Mae Mon
Thong Shrine. This shrine has a myth related to crocodiles
that are revered by the local people. Therefore, the belief
of the villagers may be another influencing factor that
helps the crocodile survive. This requires further social
studies to understand the social context of wildlife
conservation.

Currently, Bueng Boraphet is the largest
freshwater wetland on the Chao Phraya River Basin.
Around this area, there are 31 villages, with approximately
5,000 households. Bueng Boraphet provides significant
values in various aspects. It has high socio-economic
and ecological values. It is used as a water reservoir for
domestic and agricultural water supply and flood
control. Moreover, it is also an important fishery site
for local communities to harvest natural resources for
food and income. It is facing threats majority from
human activities. Large numbers of aquatic plants,
phytoplankton, zooplankton, fish, and birds were reported
in the swamp. Even Bueng Boraphet has ecologically
important for a wide variety of flora and fauna but
dramatic changes in hydrology and landscapes over the
past decade have had a great impact on wildlife (Haq
et al., 2018). Especially for crocodiles, if an area was
established to conserve waterbirds may not be suitable
for large reptiles such as crocodiles that need appropriate
and careful management of suitable wetland habitat
(Webb and Jenkins 1991). The sediment dredging and
environmental modification for water storage to solve
flooding problems are also significant threats that affect
the suitability of crocodile habitat and nesting site in the
future. Although fishing is prohibited, illegal fishery still
exists. Destructive fishing methods such as electro-fishing

and anesthetic chemical substances are still found, even
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though the penalties are high. The use of illegal fishing
gear will also directly affect the crocodile population
(van der Ploeg and van Weerd 2006).

Crocodilians play an important role in the
structure and function of the ecosystem. These large-
bodied predators are keystone species that contribute to
nutrient and energy translocation across ecosystems
(Ashton 2010). Therefore, they have the potential to be
ecological indicators considering their ecological values
(Somaweera et al., 2020). Conservation of crocodiles is
the great benefits for ecosystem. This estimate of the
population and distribution of crocodiles in Bueng Boraphet
is very important that gives the basic information for
planning crocodile population management. Our results
indicate that these small numbers of crocodiles in Bueng
Boraphet remain critically endangered. However, the area
with highly strict regulations has a huge impact on
helping crocodiles survive in the wild. Therefore, the
implementation of protection action is a high-priority
project that needs to be done first before further restocking
can be undertaken. The crocodile population can recover
if their habitats were intact (Fukuda et al., 2011).

Bueng Boraphet can be developed as a national
natural crocodile conservation site to conserve the genetic
diversity of Siamese crocodiles because it has enough area
and ecological integrity. The advantage of being a Ramsar
Site will have a positive effect on the conservation of
crocodiles in the area. Moreover, the conservation of
crocodiles will have a positive effect on the development
of eco-tourism site because it can attract wildlife
enthusiasts, researchers, and zoologists. Eco-tourism
focuses on protecting the resource base and it is also used
as a tourism tool that can strengthen conservation with
local community participation. They can have additional

income from tourism activities (Ryan and Harvey 2000;

Rafsanjani and Karami 2011; van der Ploeg et al., 2011).
Bueng Boraphet has potential to be a model of sustainable
co-habitation of crocodiles and local people. This place
has a natural potential and beautiful nature. It is located
in the central region. Travelers can visit without having to
travel too far. It does not cost too much and no additional
equipment is required. The boat ride can accommodate
tourists of various ages in a diverse society. This place is
already famous for tourist destination. There are a variety
of activities suitable for various people who want to learn
about nature or the local community lifestyle. At present,
tourists visit this scenic place for the purpose of surfing
nature because they can take a boat trip to bird watching,
see beautiful lotus fields and enjoy traditional food.
Therefore, further population surveys should be carried
out continuously to determine population dynamics and
develop a crocodile surveillance system together with

built community engagement for sustainable conservation.
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Abstract

Caval syndrome is a condition from heavy heartworm infestations, causing intracardiac obstruction,
potentiating in multiple fatal complications, and poor prognosis. Early diagnosis is imperative for prompt
treatment and echocardiography has the benefit of aiding in exploring the cardiac structure and the worm
burden. According to The American Heartworm Society guideline (2020), it has established several treatment
regimens both medical and surgical. The purpose of this case report is to determine the clinical efficacy of
long-term macrocyclic lactone in the treatment of heartworm in a dog with caval syndrome. An 8-year-old
female French bulldog was presented with ascites. Numerous heartworms were detected intracardiac from an
echocardiography. A monthly application of 10% imidacloprid and 2.5% moxidectin with 4 weeks of 10 mg/kg
doxycycline had shown the efficacy in controlling heartworms of a dog with caval syndrome thus far, along with
an exercise restriction to prevent complication from pulmonary thromboembolism. Reassessment of this patient
was planned for a monthly health screening and a 3-month echocardiography for worms migration, thrombi, and
antigen testing. After 3 months, the worms were unable to detect from echocardiography and the dog was no
longer required abdominocentesis. The dog is currently living well and planned on giving a regular heartworm

prevention program after 12 months.

Keywords: caval syndrome, canine heartworm, long term macrocyclic lactone
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Introduction

Caval syndrome is known as dirofilarial
hemoglobinuria (AHS 2020). The condition develops
in dogs which severely infested with heartworms. The
presence of worms in right atrium, ventricle, pulmonary
artery, and often vena cava causes blood flow obstruction
(Jones 2016). The dogs constantly present signs of acute
anorexia, respiratory distress, weakness, right-sided
cardiac murmur, anemia, hemoglobinuria, hepatic and
renal dysfunction, signs of forward and backward
heart failure, and possibly, disseminated intravascular
coagulation (DIC) (Strickland 1998).

Dirofilaria spp., a juvenile form called microfilaria,
is the main cause of heartworm disease. It could be
encountered through a modified Knott or a filtration test
(Kamyingkird et al., 2017). Another screening test
using antigen detection can be done through a rapid test
kit. Nevertheless, it takes up to 6 months post-infection, as
well as the detection of microfilariae, to be able to reveal
the antigen from the active adult female (Atkins 2003;
Taylor et al., 2016). Thus, the acceptable gold standard for
heartworm testing is the presence of adult worms in the
pulmonary arteries and/or heart on necropsy examination.
The visualization of heartworms within the tricuspid
orifice and posterior vena cava from echocardiography can
be performed (Courteney and Zeng 2001; Atkins 2003).
Considering necropsy is the terminal decision and gives
no benefit in the individual treatment. Early diagnosis can
help to reduce the inevitable dilemma and favoring the
treatment plan.

The treatment goal of heartworm disease is to
eliminate all stages of this nematode and to improve the
quality of life of the patient (AHS 2020). Multimodal
treatment and slow-killing of the heartworm have been

proposed after fatal complications from mechanical

removing or using an adulticide of melarsomine
dihydrochloride. The adult worms are less susceptible
and taking longer to die. However, within 2 years of
treatment, it is expected that 95% of the worms should
be killed (Bowman 2012). The anecdotal reports a
supplementation of doxycycline has been widely used to
eliminate intracellular bacteria and it works against gram
negative bacteria called Wolbachia spp. in all stages of the
worms (Bazzocchi et al., 2008). Bacteria are living with
the worm as symbiosis microorganisms and are essential
to the development of larvae into adult worms (McCall
et al., 2008). By reducing the bacteria, it is subsequently
reducing the number of adult worms as well as
microfilaria (Frank and Heald 2010). Several case reports
have been attempted to find a safe approach for physical
removal of heartworms. In Yoon et al., the study had
demonstrated success in using a nitinol basket with
catheter-guided to remove the worm (Yoon et al., 2010).
When killing heartworm by using any medicine, it should
be taken with precautions from wormis debris inducing
thrombi. As from Virchowis triad, it has been explained
that such case as heartworm is predisposed to thrombi
formation, Hypercoagulable state, vascular stasis, and
damage to the vascular endothelium, which often
encountered in dirofilariasis (Yun et al., 2010). The
thrombi prevention was performed with clopidogrel
(Sanofi-Aventis, France) 2-4 mg/kg, q24h.

Accordingly, the case report aimed to use a
long-term macrocyclic lactone as the alternative
method, with adjunctive therapy for heart failure and
inflammation from the wormis antigen in dogs with the
severe manifestation of heartworms and expressed the

signs of caval syndrome.
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Figure 1. The dog had abdominal distention and was difficult to stand on the first visit. General body condition was

poor and given 2/9 on her body condition score

Figure 2. Radiography of thoracic and abdominal cavity ventrodorsal view. Inverted D-shape heart with pulmonary

knob was seen with tortuous pulmonary artery and pulmonary artery enlargement (A). Ground-glass soft tissue

opacity in the abdominal cavity was marked (B).
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Figure 3. Radiography of thoracic and abdominal cavity lateral view. Sternal contact of the heart, elevated trachea,
thickening vena cava (comparing to the 9" rib), vascular pattern of lung and unstructured interstitial pattern at
perivascular region, especially at large pulmonary artery of caudodorsal lobe in thoracic cavity(A). Liver enlargement

and ground glass soft tissue opacity in the abdominal cavity (B).

Figure 4. Echocardiogram images of the heart from right parasternal long-axis and short-axis with intracardiac
heartworm, appearing as parallel hyperechoic line (A and B). Severe right atrial enlargement can be observed from right
parasternal short axis (B and C). Marked thickening of tricuspid valve can be seen from left apical four chamber view
(D and F). No worm detected after 3-6 months of treatment (E and F).
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Figure 5. A serosanguineous fluid acquired from an abdominocentesis

Table 1. Hematology report (absolute) from the first visit.

Parameters First visit Normal value
WBC (/ul) 12,510 6,000 - 17,000
Monocyte 500.4 150 - 1,350
Neutrophil 10,633.5 3,000 - 11,500

Band 0 0-300

Lymphocyte 1251 1,000 - 4,800

Eosinophil 125.1 100 - 1,250
Basophil 0 < 100

RBC (10%ul) 541 5.0-9.0

Hb (g/dl) 12.2 10.0 - 18.0
Hct (%) 354 35-55
MCV (fL) 65.5 60 - 77
MCH (pg) 22.6 20-25

MCHC (g/dl) 344 32.0-36.0

PLT (10%/ul) 317 200 - 500

Platelet smear Adequate

Plasma Protein 6.0 6.0-7.5

ALT (U/L) 42 10 - 100
ALP (U/L) 38 23-212

BUN (mg/dL) 25 7-27
Creatinine (mg/dL) 1.76 0.50 - 1.80

Albumin 2.8 2.7-3.8
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Table 2. Echocardiogram variables from the first and recent visit.

Variables First visit At 6 months
HR (BPM) 132.37 130
LVIDd (mm) 15.23 28.0
LVIDs (mm) 8.88 16.0
LA diameter (mm) 15.77 21.0
Ao diameter (mm) 11.55 14.0
LA:Ao short axis 1.37 1.53
TR Max PG (mmHg) 75.83 55.40
PR Max PG (mmHg) 72.52 38.83
RA Max PG (mmHg) 65.5 -
PV Max PG (mmHg) 14.27 17.58
AV Max PG (mmHg) 1.82 2.69
MV Max PG (mmHg) 344 -
MR Max PG (mmHg) 88.68 57.29
MV E:A ratio 0.948 0.83

Case description

An 8-year-old intact female French bulldog was
presented with 3-month abdominal distension. The dog has
never undergone any vaccination program or heartworm
prevention and had no previous medical history. She was
kept outdoor with 3 other dogs in the house. Cough,
fatigue, and difficulty breathing were occasionally
observed.

During the first visit, the dog was moderately
depressed and weak. She was emaciated with a body
condition score of 2/9. From the physical examination,
murmur heart sound was graded 5/6 and prominent at
the pulmonic region. The mucous membrane was pale
pink with prolonging capillary refill time (CRT). Jugular
pulsation was markedly seen. The dog had mild tachypnea
with mild increase lung sound at the right caudal lobe

with an enlarged abdomen. Abdominal ballottement

was presented without cramp (Figure 1).

Thoracic and abdominal radiographs were taken
in ventrodorsal and lateral views. Liver enlargement
and ground-glass soft tissue opacity were seen in the
abdominal cavity. The internal organs were difficult to
distinguish from both views (Figure 2 and 3). The
thoracic radiography showed an elevated trachea,
thickening vena cava, vascular pattern of the lungs and
an unstructured interstitial pattern at the perivascular
region, especially at the large pulmonary artery of the
caudodorsal lobes from lateral view (Figure 3). From the
ventrodorsal view, an inverted D-shape heart with
pulmonary knob was seen with tortuous pulmonary
arteries, and pulmonary artery enlargement (Figure 2A
and B).

Hematology values were within the reference

interval. No parasite was found from the blood smear
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during the first visit (Table 1). An echocardiography
revealed parallel hyperechoic lines of numerous
heartworms in the right atrium (RA), right ventricle (RV),
and pulmonary artery (PA) causing severe tricuspid
regurgitation (TR) and marked pulmonary regurgitation.
Severe right cardiomegaly and pulmonary hypertension
with right-side heart failure signs were also presented
(Figure 4). Echocardiography and clinical signs
suggested a caval syndrome.

The initial plan was mainly targeting on improving
the quality of life for this patient as the prognosis was poor
to grave if pulmonary thromboembolism occurred. Thus,
abdominocentesis was performed and the 2,000 milliliters
of serosanguineous fluid (Figure 5) were obtained for
the first time and gradually decrease with diuretic drug
(furosemide 1 mg/kg). The fluid was identified as
modified transudate. Medical treatment was prescribed,
using a long-term macrocyclic lactone with right side heart
failure management. A monthly spot on imidacloprid
250 mg and moxidectin 62.5mg (Advocate® spot-on,
Bayer Animal Health GmbH, Leverkusen, Germany) was
used to kill microfilaria and a 10 mg/kg doxycycline to cut
off heartworm life cycle by reducing Wolbachia spp. in
the adult worms. Prednisolone 0.25 mg/kg was started and
planned to taper down each week. Ramipril 0.125 mg/kg
and spironolactone 1.25 mg/kg were used for heart
failure treatment. The owner was instructed to give the
dog an absolute exercise restriction, adequate food and
water intake, as well as a recommendation of heart
worm prevention for other dogs in the house.

The dog was scheduled for a follow-up and
initial reassessment weekly. Her general condition was
improved. A reaccumulation of ascites was less and took
longer to return. After 3 and 6 months, the patient was

reevaluated with an echocardiography and no heartworm

was detected in the right atrium, pulmonary artery,
and ventricles. Moreover, the parameters from
echocardiographic findings and clinical signs are
improved (Table 2). Abdominal ultrasound aided in
determines the current ascites. A rapid test for heart-
worm antigen (The SNAP® 4DX® Plus Test, IDEXX
Laboratories, Inc., Westbrook, ME) was used at 6 months
after treatment and no heartworm antigen was
detected. During the 4™ month visit, small fluid was
found in cystocolic site and difficult to obtain from
abdominocentesis. By adjusting diuretic drugs, furosemide
0.5 mg/kg q12h was prescribed along with an adjunctive
of spironolactone 1.25 mg/kg q12h. Despite the owner
had missed the 3 and the 5™ visit, the dog had a well
respond. By the 7" month, abdominocentesis was no
longer required. The dog had been living well and was
planned on a monthly reassessment with a regular

heartworm prevention program (AHS 2020).

Discussion

Caval syndrome is the final stage of a heartworm
disease. The major characteristic signs are intracardiac
worms obstruction of blood flow, interference of tricuspid
valve closure, causing tricuspid valve regurgitation, heart
murmur, and jugular pulsations as a consequence from
liver congestion. Other than these clinical signs, caval
syndrome is often diagnosed and confirmed by the present
of the intracardiac worms from an echocardiography or
necropsy. Screening test such as a rapid test kit is useful
in early diagnosis and for following up the treatment.
However, it requires the antigen from a female heartworm
to develop at least 6 months after the dog has exposed to
the worm (AHS 2020; TroCCAP 2017). The SNAP 4Dx
Plus? Test has a 99.0% sensitivity and a 99.3% specificity,

comparing to the gold standard, necropsy (Barr et al. 2011;
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IDEXX 2016; Liu et al. 2018; Lee et al. 2011). Atkins and
Genchi et al. had demonstrated up to 100% sensitivity
(95% confidence limit) with 3 worms infestation (Atkins
2003; Genchi et al., 2018). Echocardiography aids in
visualizing the structures of the heart with parameters
measurement (Romano et al., 2020) and worms migration
(Courteney and Zeng 2001; Atkins 2003) despite a lower
sensitivity, comparing to antigen detection (DeFrancesco
2001; Esser 2020). Several studies advised a blood
collection with N-glycosylation as a biomarker testing
(Behrens et al., 2018) for early detection as of 3 weeks
post infection and a multiplex qPCR to identify occult
form of multiple heartworms species (Laidoudi 2020).
Microfilaria was not observed from a blood smear in
this case. Nonetheless, explicit clinical presentations,
echocardiography, and the rapid test kit were sufficient to
make a diagnosis in this case report.

A long-term macrocyclic lactone is another
acceptable alternative apart from the gold standard,
surgical removal of heartworm and melarsormine
adulticide (Jones 2016; AHS 2020). The latters can
potentially cause lethal adverse effect from either post
operation complications (Bov? et al., 2010) or arsenic
poisoning symptoms and was abstained in this patient.
Alberigi et al. (2020) had demonstrated the use of
semi-annual therapy of 0.5 mg/kg moxidectin injection
with oral 10 mg/kg doxycycline were effective against
dogs with dirofilaremia and improved the pulmonary
conditions with noticeable change within 30 days by
dirofilaria counts (Alberigi et al., 2020). Hence, the
application of a monthly 10% imidacloprid and 2.5%
moxidectin (Advocate®) with 4 weeks of 10 mg/kg
doxycycline were proved to be as effective in terms of

clinical conditions in this case report.

Notwithstanding the fact that the owner had
missed 2 visits and 2 inconsecutive Advocate® administra-
tions, the dog was in an improvement. She expressed a
more comfortable being. Due to the severity of worm
infestation and the occurrence of right-side heart failure
signs, it was not expected to fully recover. Even though
the dog survived from a pulmonary thromboembolism
and the clinical presentation has improved, it did not show
aremarkable change in a cardiac remodeling. Considering
a poor prognosis for this disease, the mortality rate of dogs
with caval syndrome is expected to be 30-40% (Kittleson
1998) even with the worm extraction (Hoch and Strictland
2008). Nevertheless, improving the quality of life for this
patient had been the primary goal. The dog was planned to
continue using a longterm macrocyclic lactone for
heartworm management protocol and then reassess the
worm and possible thrombi through echocardiography
and antigen testing after 6 months from the first treatment.
Since microfilariae can live up to 2 years (AHS 2018),
it could be considered as the point when the treatment
outcome should be fully followed, otherwise after
antigen test was negeative. Ames et al. (2020) had designed
a treatment of topical imidacloprid-moxidectin and
doxycycline in dog with heartworm infection, stage 1 and
2 (Ames et al., 2020). The study result that treated with
the same protocol was promising with 96% no antigen
detection cases and supporting this case report at stage 4

or caval syndrome.

Conclusions
A prescription of long-term macrocyclic lactone
with adjunctive therapy in this case report had demonstrated
a satisfying outcome. The dog exhibited an improvement
in clinical signs each time of visit at the animal hospital.

A monthly application of 10% imidacloprid and 2.5%
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moxidectin had shown the efficacy in controlling heart-
worms of a dog with caval syndrome thus far, along with 4
weeks of 10 mg/kg doxycycline and exercise restriction to
prevent complication from pulmonary thromboembolism.
Reassessment of this patient was planned for a monthly
health screening and a 3-month echocardiography for
worms migration, thrombi, and antigen testing. The
limitation was to make a substantial regime and an
efficient client communication in very poor prognosis
patients. Dedication from the owners is strongly
supporting the treatment plan. It is important to control
the infection of the patient as well as the other dogs in
the same house to reduce a local transmission, by vector

control and semi-annual heartworm protection regimen.
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Surgical Ligation of Patent Ductus Arteriosus in
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Abstract

Patent ductus arteriosus (PDA) is the most common congenital heart disease in dogs. The ductus arteriosus
extends from the main pulmonary artery to the descending aorta, shunting blood away from the nonfunctional
lungs in neonates. When it fails to constrict after birth, oxygenated blood can flow from the aorta to the pulmonary
artery. Most of untreated patients develop congestive heart failure at one year of age. The treatment options
include both minimally invasive and open surgical techniques. It is recommended that PDA be promptly closed
after diagnosis as immature dogs are the best candidates for surgery. An adult Pomeranian with PDA was
referred to Prasu-Arthorn Animal Hospital, Faculty of Veterinary Science, Mahidol University. An open surgical
ligation was performed at the animal hospital with the cooperation of a diplomate of the Thai Board of
Thoracic Surgery from the Faculty of Medicine Ramathibodi Hospital, Mahidol University. No intraoperative
complications occurred. Postoperative echocardiograms showed no residual flow, and there was a gradual

decrease in heart size three days to two months after surgery. The dog was more energetic and healthier.

Keywords: PDA, Pomeranian, open surgical ligation
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Introduction

Patent ductus arteriosus (PDA) occurs when the
ductus arteriosus muscle fails to constrict after birth,
leaving a persistent opening between the aorta and
pulmonary artery. It is the most common congenital heart
disease in dogs and is overrepresented in female purebred
dogs, including Poodles, Keeshonds, Maltese, Bichons,
Yorkshire Terriers, Cocker Spaniels, Pekinese, Collies,
Shelties, Welsh corgis, and Pomeranians. It can also occur
in cats but not as frequent as dogs (Orton et al., 2018).

Young dogs with PDA may have no clinical signs.
PDA is commonly identified at the time of routine
vaccinations. Simple thoracic auscultation can reveal a
characteristic continuous machinery murmur at the high
left heart base. On the other hand, the patient can present
with coughing, dyspnea, exercise intolerance, and stunted
growth. Further diagnostic evaluations include thoracic
radiography and echocardiography. Treating PDA requires
medical management or occlusion of the duct or both.
If left untreated, the mortality rate of an animal with
PDA aged one year is 70% (Fossum 2013).

PDA allows blood to continuously flow from the
systemic circulation to the pulmonary circulation (left-
to-right shunting) (Figure 1). Chronic volume overload
causes left-sided heart enlargement and, eventually,
left-sided congestive heart failure. If the pulmonary
hypertension is so severe that the pressure in the
pulmonary artery exceeds that in the aorta, blood will
reversely flow from the pulmonary artery into the aorta
(right to left shunting), causing nonoxygenated blood to
mix with oxygenated blood. Only a small percentage
of dogs with PDA will develop this "reversal."
The characteristic sign of reverse PDA is differential
cyanosis most obvious in the caudal mucous membranes.
The heart murmur will disappear, and the dogs may have

intermittent hind limb weakness and seizures.

PDA can be treated using medical management or
occlusion of the ductus arteriosus or both. Prostaglandin
synthase inhibitors can stimulate ductus closure.
Unfortunately, ductal smooth muscle hypoplasia is
common in dogs, and the time of diagnosis is often weeks
to months after birth. These factors make prostaglandin
synthase inhibitors ineffective. As a supportive treatment,
furosemide can improve pulmonary edema. Digoxin can
control the ventricular response rate in dogs with atrial
fibrillation.

PDA is mainly treated with physical occlusion of
the ductus arteriosus, performed using minimally invasive
techniques or open surgical management. Minimally
invasive techniques include transvenous catheterization
and thoracoscopic PDA occlusion. Thrombogenic coils
and Amplatz canine duct occluder (ACDO) are the
two main devices used in transvenous catheterization.
Angiography is an essential and accurate measurement
of the PDA, and device sizing is required.

In the retrospective study by Goodrich et al. (2007),
using a thrombogenic coil had a reduced risk of major
complications compared with surgical ligation, but it was
associated with a lower initial success rate and the same
mortality rate. Dogs with nontapering ductus are
contraindicated for the thrombogenic coil because the
device could slip into the pulmonary artery.

ACDO is a self-expanding plug made of nitinol
wire. The dense wire mesh of the device obstructs the
blood flow through a PDA. The device can be securely
positioned in the ostium of PDA. In thoracoscopic PDA
occlusion, titanium vascular clips are used to occlude a
PDA. Accurately measuring PDA size and choosing the
proper vascular clip size are crucial.

Minimally invasive techniques are recommended,

if available, because of the reduced operative pain and
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Figure 1. Diagram showing flow from systemic circulation to pulmonary circulation. PDA: patent ductus arteriosus;
AO: aorta; PA: pulmonary artery; RA: right atrium; RV: right ventricle; LA: left atrium; LV: left ventricle.

Figure 2. Thoracic radiograph of the lateral (left) and ventrodorsal (right) views showing pulmonary artery and

vein dilation.
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1 Ao Diam 13.94 mm
LA Diam 22.28 m:
LA/AD 1.60

Figure 3. Echocardiography on the left parasternal cranial right outflow tract (left) view and right parasternal short axis

(right) views showing turbulence flow through the pulmonary artery. Left atrial and ventricular enlargement.

MPA: main pulmonary artery; LA: left atrium; AO: aorta.

recovery time. However, investment in a high-cost
instrument and expertise in minimally invasive surgery
are required.

The ligation of the ductus is an open surgical
technique, which is considered curative. Very-low-birth-
weight, premature puppies are ideal candidates for
surgery. Surgery should be promptly performed after the
diagnosis. Broaddus and Tillson (2010) described the
open surgical technique and reported the outcome of the
surgery. An invited instructor, who is a diplomate of the
Thai board of Thoracic Surgery from the Faculty of
Medicine Ramathibodi Hospital, Mahidol University,
performed the surgery at the Prasu-Arthorn Animal
Hospital, Mahidol University. A veterinary clinician from

Prasu-Arthorn Animal Hospital assisted the surgeon.

Case Descriptions

A three-year-old male Pomeranian was referred to
Prasu-Arthorn Animal Hospital for further investigations
of his cardiac murmur. On physical examination, the dog
was healthy despite his grade IV/VI systolic murmur

auscultated from the left chest wall at the level of the heart

base. His body condition score was 4/9. Hematology and
serum biochemical profiles were within normal limits.
Thoracic radiographs showed pulmonary artery and vein
dilation (Figure 2). There was no evidence of pulmonary
edema. The vertebral heart score was 11.5.
On echocardiogram, continuous turbulent flow was
found through the pulmonary artery. PDA with an eight-
millimeter diameter was identified. Color-flow Doppler
revealed a blood flow velocity of 3.9 m/sec across the
PDA, which indicated a pressure gradient at approximately
60 mmHg. There was a slight increase in the left atrium
to the aorta (LA: AO) ratio and left ventricular internal
dimension normalized by body weight (NLVIDd) at 1.6
and 1.9, respectively. No mitral or tricuspid regurgitation
was found (Figure 3). To prepare for surgery, pimobendan
at 0.25 mg/kg was prescribed twice daily to improve
ventricular contractility. As there was no evidence of
pulmonary edema and heart failure, diuretics and
angiotensin-converting enzyme inhibitor were not
required. Surgery for PDA ligation was then scheduled.
Preoperatively, the dog was premedicated with 0.3

mg/kg morphine and 0.3 mg/kg midazolam IM. General
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anesthesia was induced with 2 mg/kg etomidate IV given
titrated to effect. 25 mg/kg cefazolin was given IV.
Acetate solution was administered intravenously at a rate
of 5 ml/kg/h. Anesthesia was maintained with isoflurane
in oxygen. As a mechanical ventilator was unavailable
at the time of surgery, positive ventilation was applied
manually after opening the thoracic cavity. Positive
ventilation was necessary to aid the lung expansion since,
during thoracotomy, normal negative pressure in the
thoracic cavity was disrupted. The dog was placed in
right lateral recumbency with a rolled towel tucked under
the cranial thorax. The entire left side of the thorax was
clipped and prepared. The surgeon stood on the patient's
dorsal side. Thoracotomy was performed at the left
fourth intercostal space. The underlying cutaneous trunci
and latissimus dorsi muscles were incised. Intercostal

spaces were recounted from the first rib before further

incision. Scalenus muscle was incised at the fourth
intercostal space. External and internal intercostal
muscles were incised in the middle between the ribs, and
then, the pleura was penetrated. Moistened gauze sponges
were placed along the cranial and caudal rim of the ribs.
Weitlaner retractor was placed and retracted to achieve
sufficient exposure. The cranial lung lobe was packed
caudally to expose the aorta, pulmonary artery, and phrenic
and vagus nerves (Figure 4a). The vagus nerve was
isolated and retracted ventrally. Care was taken to keep
the left recurrent laryngeal nerve intact as it leaves the
vagus nerve caudally to the PDA (Figure 4a). Usually,
associated thrill can be palpated at the site of the PDA.
However, in this patient, the thrill was palpated slightly
cranial and ventral to the PDA. The PDA location was
carefully verified using anatomical landmarks including

the aortic arch and left subclavian artery. The ductus was

Figure 4a. Diagram showing important landmarks at the left heart base. (1) Brachiocephalic trunk; (2) left subclavian

artery; (3) aorta; (4) patent ductus arteriosus; (5) left vagus nerve; (6) left recurrent laryngeal nerve; (7) phrenic

nerve; (8) pulmonary trunk.

Figure 4b. Photograph showing intraoperative appearance. The vagus nerve was retracted ventrally using one strand of

silk (notched arrow). The suture was passed around the PDA one by one (arrow).
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bluntly dissected using right-angle forceps from cranial
to caudal aspect. Two separate strands of USP size 1 silk
were passed behind the ductus one by one (Figure 4b).
Recurrent laryngeal nerve was observed, and care was
taken to avoid the nerve during suturing. The suture close
to the aorta was ligated first to stop blood flowing
through the ductus, followed by the one close to the
pulmonary artery. Heart rate and blood pressure at the
time of ligation were closely monitored and were in
significantly variable. The PDA area was then palpated
again, and the thrill disappeared. A chest drain was placed
using a feeding tube and three-way stop clock system.
The thoracotomy closure was routinely performed. Air
and fluid were aspirated until a negative pressure was
achieved. The patient recovered well and was stable after
surgery.

Postoperatively, the patient was administered
with fentanyl, 3 ug/kg/hr CRI, to control the pain. It was
tapered and then changed to tramadol injection, 4 mg/kg

TID, on the second day after surgery. Carprofen, 4.4

mg/kg SID, was given for three days. Three days after

the operation, the patient was comfortable and eating.
Fluid from the chest drain at this time was minimal
(mean production of 0.35 ml/kg/day), and thus, the chest
drain was removed. When the pain score was 1/4
according to the Colorado State University pain scales,
the patient was discharged after three days of
hospitalization. There was no further need for intravenous
fluid, medication injections, or oxygen therapy. On
discharge, cephalexin, 25 mg/kg BID for seven days, was
prescribed for the patient. An echocardiogram was
performed before discharge. The size of the left side of
the heart returned to normal. The ductus had a 7.9 mm
diameter. However, no ductal flow through the pulmonary
artery was detected. The skin suture was removed 14 days
after the operation. Pimobendan was discontinued at
this time. At one- and two-month follow-up, the
echocardiogram showed that the left atrium reduced in
size compared with before surgery. The LA: AO ratio was
1.3. No ductal recanalization was found (Figure 5).

Echocardiographic parameters before and after surgery

are shown in Table 1.

Figure 5. Echocardiography at two months after surgery on left parasternal cranial right outflow tract views showing no

residual flow. RV: right ventricle; PV pulmonic valve; MPA: pulmonary artery; LA: left atrium; AO: aorta.
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Table 1. Echocardiographic values before and after surgery.

Parameter Before 3 days PO 30 days PO 60 days PO
AO diameter (cm) 1.4 1.6 1.3 1.3
LA diameter (cm) 2.2 2.0 1.6 1.6
LA/AO ratio 1.6 1.2 1.3 1.3
%FS 39 33 27 24
NLVIDd (cm/kg) 1.9 1.6 1.7 1.7
AVmax (m/s) 1.5 1.2 1.3 N/A
PVmax (m/s) 1.2 N/A 1.0 N/A

AO: aorta; LA: left atrium; FS: fractional shortening; NLVIDd: normalized left ventricular internal diameter in diastole;

AVmax: aortic flow; PVmax: pulmonary artery flow.

Discussion

PDA is the most common congenital heart disease
in dogs. Most dogs with PDA undergo surgery at a young
age (Saunders et al., 2013). However, our patient presented
with no clinical signs at three years of age. This conforms
to the study by Israél et al. (2003), that stated that left-
to-right shunt PDA is more common in older dogs than
broadly recognized. They recommended the occlusion of
the PDA regardless of age because it can relieve the
clinical signs and should be promptly performed to avoid
mechanical stress on the mitral valve, which can then
develop to mitral valve endocardiosis. The risk of residual
flow and complication rates are not greater in the adult
population (Boutet et al., 2017).

Moreover, another report showed that increasing
age was negatively associated with survival rate (Bureau
et al., 2005). The authors further discussed that age may
not directly increase the risk of death caused by PDA, but,
in older animals, the duct could be more friable and could
have more surrounding fibrous tissues. Thus, the risk of

intraoperative hemorrhage and subsequent death may

increase.

In our patient, the echocardiograms showed
improvement in the size of the left atrium and ventricle
after surgery. This contrasts with the results in the
previously mentioned study by Israél et al. (2003), which
mentioned that, in most older animals, cardiomegaly
was irreversible. Our patient may represent the minor
incidence that cardiac size was improved after occlusion.
Although cardiomegaly persisted after occlusion, it may
not affect the lifespan.

The study showed that the ductal diameters varied
in size from 3.5 mm to 20 mm. An 8 mm ductus (like the
one in our study) or wider was not always associated
with congestive heart failure or poor survival. There was
no correlation between ductal size and clinical signs.

Regarding the occlusion techniques, although
both minimally invasive techniques and open surgical
techniques have been described for a long time in the
veterinary literature, the first case report of tranveneous
catheterization technique using ACDO to close the PDA
was in 2015 in Thailand (Buranakarl et al., 2015). The
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Figure 6. Diagram showing anatomical landmark from the standing position of the surgeon.

operation was successful. The dog had improved cardiac
function and size. Thoracoscopic PDA occlusion was not
reported in Thailand. Minimally invasive techniques are
significantly less accessible than open surgical techniques
because of device availability and high cost. The device
must be compatible with the PDA in terms of size and
shape. Also, the surgeon should be highly experienced in
minimally invasive procedures. Although angiography is
needed to determine the shape and the minimal internal
diameter of the ductus, because of our patient's size,
occlusion using transvascular catheterization technique
may be possible. However, this option was unavailable at
the authors' practice. Treatment options were already
discussed with the owner before a decision was made for
surgical ligation.

A standard technique and many variations were
described for open surgery. The major goals of these
techniques are to avoid damage to the ductus during
dissection and suture passage (Broaddus and Tillson
2010). Attention should be paid to the medial side of the

ductus, which is usually fragile and tearing it can cause

catastrophic hemorrhage. In the study by Parchman
(2008), the suture was tied and then the knot was grabbed
while passing behind the duct to avoid closing the forceps
during passage. Another goal is to avoid recanalization on
the long term. Brockman et al. (2018), recommended that
one strand of 5-0 polypropylene suture be placed between
the silk sutures to prevent recanalization.

The technique performed in this report was similar
to the standard technique. The differences were the
position of the surgeon, the direction of dissection, and
the suture passage. Although, in the veterinary field, the
standing position of the surgeon is on the patientis
ventral side, the surgeon in our report was standing on
the patient's dorsal side. This standing position is common
in surgical PDA ligation for infants. Thus, the surgeon
was familiar with anatomical landmarks viewed in this
position (Figure 6) rather than the ventral side position.

Before dissection around the ductus, the vagus nerve
was retracted ventrally. Ventral retraction is described in
both veterinary and human surgery for PDA (Mandhan
et al., 2006; Valentik et al., 2007; Brockman et al., 2018).
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Because the surgeon was standing on the dorsal side of the
patient, retracting the vagus nerve ventrally toward the
assistant, away from the surgeon, can give an advantage in
terms of the working space.

The dissection of PDA was performed from the
right to the left direction according to the surgeon's
position. From his experience, since there is more space
caudal to the ductus, it is easier to pass the tip of the
right-angle forceps in that direction. Moreover, it is
convenient to introduce the suture into the jaws of
forceps when there is more room. Also, dissection from
the right to the left might be more convenient for a
right-handed surgeon. However, in this report, the
direction of dissection and suture passage (although used
in human surgery) is the opposite direction of the usual
direction recommended in the veterinary field. The
experienced surgeon contributed to successful ligation of
the ductus without intraoperative complications. Authors
encourage using methods that are well described and
studied in small animals. Nevertheless, in older animals
where the ductal surrounding tissue could be more
fibrous, opening the cranial plane of the PDA is difficult.
After creating a caudal dissection plane, changing the
standing position can be beneficial to right-handed
surgeons during the opening of the cranial plane since it
aids with the hand direction during dissection.

Other methods to ligate PDA have been described
and studied in small animals, including Jackson-Henderson
and intrapericardial technique. Jackson-Henderson method
avoids direct dissection of the PDA by passing the suture
around the descending aorta on either side of the ductus.
However, the incidence of residual flow was reported to
be higher than that in the standard technique (Stanley
et al., 2003).

Selmic et al. (2013), thoroughly described an
intrapericardial technique. This technique provides a
lower rate of residual flow than the others. In this
technique, an incision is made into the pericardium
and mediastinal pleura perpendicular to the ductus and
immediately ventral to the insertion of fibrous pericardium.
The location of the incision is limited because the fibrous
pericardium is inseparable from the adventitia of the
aorta at the level of the brachiocephalic trunk and from
the adventitia of the pulmonary artery proximal to the
bifurcation. This fibrous pericardium in the aorta and
pulmonary artery adventitia was also noticed during
surgery in our patient. The intrapericardial technique, when
applicable, provides better visualization of the ventral
aorta, pulmonary artery, and margins of the ductus. Blind
dissection on the medial side of the ductus can be
avoided. Moreover, less periductal tissue is included in
the ligature. Thanks to these advantages, the rate of
perioperative hemorrhage and echocardiographic
residual flow are low.

In conclusion, our patient, a fully grown
Pomeranian with left-to-right shunt PDA, underwent
open surgical ligation. The surgical technique used in this
study was similar to the human surgical PDA ligation
technique (the details are mentioned in this report).
Thanks to experience and skill of the surgeon, there were
no intraoperative complications. Recovery was smooth,
and the patient was discharged after three days of
hospitalization. Cardiomegaly was improved after surgery.
The long-term outcomes are to be monitored through clini-
cal examination, thoracic radiography, echocardiography,
and electrocardiography. Long-term outcome is expected
to be good. A possible but rare, long-term complication is
recanalization. It is 1%-3% for extrapericardial ligation

and can develop six weeks to 37 months after surgery.
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The overall result of the surgery was satisfactory up to

the publication date.
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