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Etiology of Patent Ductus Arteriosus in Dogs

Abstract

Patent ductus arteriosus (PDA) is the most common congenital heart disease in dogs and usually causes heart
failure and death unless corrected at a young age. Previous histologic studies in a line of dogs derived from
Miniature Poodles with hereditary PDA identified varying degrees of hypoplasia and asymmetry of ductus-
specific smooth muscle and the presence of aortalike elastic tissue in the ductus wall sufficient to cause
patency. To determine if similar structural abnormalities cause PDA in other dogs, serial-section,
3-dimensional histology of ductal architecture was studied in 8 non-Poodle purebred dogs with PDA with no
immediate family history of PDA. Morphologic abnormalities were observed in 7 of 8 dogs with PDA and
essentially were the same as those in dogs known to have a hereditary form of PDA. These findings suggest
that apparently sporadic PDA in these breeds is caused by a genetic defect in the structure of the ductus
arteriosus that is similar or identical to that in the Poodle. The relatives of dogs with PDA, particularly parents,
offspring, and siblings, should be screened for evidence of PDA. Dogs with PDA should not be used for
breeding, regardless of breed.
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Etiology of Patent Ductus Arteriosus in Dogs

James W. Buchanan and Donald F Patterson

Patent ductus arteriosus (PDA) is the most common congenital heart disease in dogs and usually causes heart failure and death
unless corrected at a young age. Previous histologic studies in a line of dogs derived from Miniature Poodles with hereditary PDA
identified varying degrees of hypoplasia and asymmetry of ductus-specific smooth muscle and the presence of aortalike elastic
tissue in the ductus wall sufficient to cause patency. To determine if similar structural abnormalities cause PDA in other dogs,
serial-section, 3-dimensional histology of ductal architecture was studied in 8 non-Poodle purebred dogs with PDA with no im-
mediate family history of PDA. Morphologic abnormalities were observed in 7 of 8 dogs with PDA and essentially were the same
as those in dogs known to have a hereditary form of PDA. These findings suggest that apparently sporadic PDA in these breeds
is caused by a genetic defect in the structure of the ductus arteriosus that is similar or identical to that in the Poodle. The relatives
of dogs with PDA, particularly parents, offspring, and siblings, should be screened for evidence of PDA. Dogs with PDA should
not be used for breeding, regardless of breed.

Key words: Congenital heart disease; Heredity; Histopathology; Pathogenesis; Smooth muscle hypoplasia.

Patent ductus arteriosus (PDA) is the most common cone€lements. Selected additional slides were stained with hematoxylin and
genital heart disease in dog€linical and pathologic ~ €osin or a pentachrome stain. Three-dimensional zone analysis was
aspects of the disorder have been summarized re(gemﬂy_carried out and the distributions of musc_le and elastic tissue in each
Increased prevalence of PDA in certain breeds indicate@f 5 Zones of the DA were recorded (Fig 1). The results were com-
that genetic factors were involved in the pathogenesis o ared with serial-section histologic studles_ in 55 healthy dogs gnd
PDA, and a mixed-breed—Poodle line of dogs with hered_etuses and 150 dogs and fetuses from a line of dogs with hereditary
N X ) ; PDA#s

itary PDA was developetl Histopathology in dogs with
hereditary PDA consistently identified abnormalities in the

wall of the ductus arteriosus (DA) that explained failure of

DA closure after birth. The DA was shorter than normal, Healthy dogs had predominantly smooth muscle cells
the ductus muscle mass (DMM) was hypop|astic and asymand very little elastic tissue thrOUghOUt the wall of the DA,
metric, and segments of the DA wall that should have beern contrast to the predominantly elastic tissue walls of the
muscular instead had a noncontracting, aortalike elasti@djacent aorta and pulmonary artery. In the central zone
wall.5¢ Serial-section histology of fetuses predisposed to(zone C in Fig 1), the DA separated from the pulmonary
PDA identified 6 grades of abnormality characterized byartery before it joined the aorta. The muscular tissue ex-
asymmetrically reduced DMM and increased elastic tissudended ventrally into the cranial wall of the pulmonary
that correlated with increased PDA gene concentration irffunk (zone A in Fig 1) and dorsally into the ventral wall
breeding experimentsTo determine if similar morphologic  ©f the aorta (zone D) at least midway to the aortic opening
abnormalities cause PDA in other dogs, serial-section his{level 8 in Fig 1). In transverse sections, the DA wall had
to|ogy was performed on 8 unrelated purebred dogs Witwniform thickness and smooth muscle cells were distributed

Results

PDA representing 7 non-Poodle breeds. evenly throughout the wall in the central zone (Fig 2). In-
timal cushions commonly seen in other species were not
Materials and Methods observed. In affected fetuses and dogs with hereditary

) ) ) ) ) PDA, the DA joined the aorta before it separated from the

hE'ght cardiopulmonary specimens W”fh PDC'?‘ We;e Obtac"”fed "0’(‘; pulmonary artery in transverse sections indicating, that the
the postmortem examination service or from dogs donated for study . .
Included were 2 Collies and 1 each of the Cocker Spaniel, Germar?A V\(ljaz Shortetr. that?] normak‘)l' Thfls ngervatlton .Was anl-
Shepherd Dog, Keeshond, Pomeranian, Shetland Sheepdog, and S Iﬁm? y counting thé number of shides con am',ng sera
Tzu breeds. Their ages ranged from 10 days to 3 months except forections of the central zone. The smooth muscle in the DA
the Shetland Sheepdog’ for which age was not recorded. Wa” was decreased n amount and dIStrIbUted aSymmetI’I-

After gross examination and formalin fixation, each PDA and ad- cally in a consistent, graduated manner. The muscular por-
jacent portions of the aorta and pulmonary artery were imbedded uption always was situated near the pulmonary artery and the
right in paraffin so that the central part of the PDA could be sectionedthinner elastic portion always was adjacent to the aorta
transversely. The entire specimen was sectioned serially yielding 5{Figs 3, 4).
10 sections per slide and 50-150 slides per specimen. Every other geven of the 8 dogs with sporadic PDA had histologic
slide was stained for elastic tissue to distinguish muscular and elasti%_bnormamies of the DA wall similar to high-grade abnor-
malities (grades 4—6 in Fig 4) in the family of dogs with

From the Section of Cardiology, School of Veterinary Medicine,  hereditary PDA. The DA was shorter than normal in all 8
University of Pennsylvania, Philadelphia, PA. _ dogs, and 7 dogs had asymmetric DMM. The DMM was

Reprint requests: James W. Buchanan, DVM, M Med i, School of — yayimal in zone B in the wall of the DA near the pulmo-

Veterinary Medicine, University of Pennsylvania, 3900 Delancey, .
Philadeiphia, PA 19104: e-mail: jwb@vet.upenn.edu. nary artery. The wall of the DA adjacent to the aorta was

Submitted May 7, 2002: Revised August 8, 2002: Accepted Septem thinner than the opposite wall, contained predominantly

ber 27. 2002. elastic tissue, and was noncontractile (Fig 5A-D). The non-
Copyright © 2003 by the American College of Veterinary Internal contractile, elastic segments resembled the aorta and had
Medicine more and thicker elastic lamellae and smaller cells with

0891-6640/03/1702-0007/$3.00/0 smaller nuclei and less cytoplasm than observed in mus-
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Fig 1. Sagittal histologic section through the center of the ductus
arteriosus (DA) and adjacent vessels in a normal newborn Greyhound
The smooth muscle of the DA is indicated by dotted lines and extends
into the aorta (A) and pulmonary artery (P). Zone A is the portion of
DA muscle in the cranial wall of the pulmonary artery proximal to
the DA orifice between levels 1 and 2. Zone B traverses the wall ofFig 2. Transverse histologic section through the center of a normally
the pulmonary artery between levels 2 and 4. Zone C is the centrafonstricted ductus arteriosus (D) in a 3-day-old mixed-breed dog. The
region of the DA that is separate from the adjacent vessels betweefuctus smooth muscle is uniformly distributed throughout the wall,
levels 4 and 6. Zone D is the segment of the DA that courses in thenainly circumferential and contracted. The internal elastic lamina is
wall of the aorta between levels 6 and 8. Zone E is the portion of theffagmented and no intimal cushions are present. The aortic wall (A)
aorta distal to the DA orifice that sometimes contains a small amounind pulmonary artery wall (P) have thicker elastic fibers, and the cells
of ductal tissue between levels 8 and 9. Levels 3, 5, and 7 are arbitrarfjave less cytoplasm. Elastic stain;X.5Modified from Buchanaf.
midpoints in their zones and are obtained by counting and halving the

number of .sections in the defined zones in each dog. Elastic stain'_;he fetal DA that contribute to DA closure in humans do
15x. Modified from Buchanad. not occur in dogs.Instead, only minor postnatal intimal
thickening occurs at the aortic and pulmonary artery ends
of the DA in healthy dogs and serves to fill in the orifice
depressions that remain after DA constriction. In dogs with
gDA, a small amount of postnatal intraductal intimal thick-
ening often develops over muscular segments of the wall

cular segments of the DA wall. The amount of the elastic
tissue portion of the DA wall was inversely proportional to
the amount of the muscular portion and was comparable t
grade 4—6 abnormalities in the hereditary PDA family (Fig ~_.
4). The tissue in the muscular segments appeared mode Fig 5). . - .

ately contracted but less so than observed in healthy dogs '€ results of this study indicate that abnormal tissue
of the same age and less evidence was found of degene?:rch'teCture is the major cause of sporadK.:.PDA n 0,'095'
ation and cytolysis. Postnatal intimal thickening was pre_S|m|Iar to what has been observed in familial, hereditary

sent over muscular segments but not over elastic segmenfP” N dogs. The shortness of the DA and incomplete
of the DA wall in most specimens. The dog that differed encirclement of the DA lumen by muscle indicate that hy-

histologically was a 2-week-old Keeshond with a grade 1poplasia of the ductus muscle is the principal morphologic

abnormality and a short, noncontracted, muscular DA with@Pnormality. The presence of elastic tissue in areas that
no intimal thickening (Fig 6). should have been muscular is considered a secondary ab-

normality resulting from insufficient ductus muscle growth.
If overgrowth of elastic tissue was the primary abnormality,
it is probable that elastic segments would be thicker, the
Normal DA closure requires a timely interplay of various DA would be longer than normal, and the muscle-elastic
morphologic, biochemical, molecular, and environmentalinterface would have an opposite contour.
factors, many of which are influenced by gestational age Hypoplastic, poorly contracting muscle only in 1 side of
and consequent DA maturation and preparatory angiomathe DA and interposed elastic tissue in the other side pre-
lacia. Species differences also exridhtimal cushions in  clude effective sphincteric action when the muscular por-

Discussion
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Fig 4. Grading system for 6 degrees of hereditary patent ductus ar-
teriosus abnormality based upon the extent of aortalike elastic tissue
(shaded area) in the normally muscular ductus arteriosus (DA) wall
adjacent to the aorta at level 6. In grade 1, the elastic tissue is present
in less than half of the DA wall; in grade 2 it extends through more
than half of the DA wall. In increasing grade abnormalities, the elastic
tissue extends through progressively greater percentages of the DA
circumference. The nonshaded muscular areas are progressively small-
er. Modified from Buchanah.

Fig 3. Transverse histologic section through the central region of the | . . .
patent ductus arteriosus (PDA) (D), and adjacent vessels in an 11-da)§n 'ncrefised nsk of a specific congenital h?art.defed such
old dog with hereditary PDA. The asymmetric ductus muscle (DM) is @ PDA in a particular breed, follow-up studies in the fam-
constricted and degenerating near the pulmonary artery (P). An intimailies of affected dogs or breeding trials usually have verified
cushion (arrow) is present over the muscular segment. The thin, aothat the defect is genetic in cause Statistically significant
talike portion of the ductus wall (dotted brackets) adjacent to the aortdoreed aggregations in clinic populations thus can be con-
(A) is not constricted, has small cells, and contains thicker elasticsidered as strong evidence of a genetic cause, a|th0ugh def-
fibe?rs. 'The PDA is connected tq both 'the aorta and pulmonary arter_¥niti0n of the mode of inheritance requires further study.
|nd!cat|ng that the ductus arteriosus is shorter than normal. Elastierpg relatives of dogs with PDA, particularly parents, off-
stain; 25. spring, and siblings, should be screened for evidence of
PDA. Dogs with PDA should not be used for breeding,
tion constricts. Shortness of the DA also contributes toregardless of breed.
faulty closure because of the decrease in muscle mass. Ab- In humans, PDA is common in premature infants with
sent or reduced muscle in the segment of the DA that courshypoxia associated with respiratory distress syndrome or
es through the wall of the aorta (zone D in Fig 1) permitsimmature DA structure and responsiven&s8.Spontane-
enlargement of the aortic zone and development of the duosus closure of PDA in these circumstances usually occurs
tal-aortic aneurysm or postoperative ductus diverticulumwhen the infant matures to normal-term gestational age.
commonly seen in dogs with PDA as well as in dogs with Most histologic studies of human patients are based on neo-
hereditary form fruste PDA%° The PDA in the 2-week- natal PDAs in which DA tissue architecture appears nor-
old Keeshond with a short, sufficiently muscular DA was mal* A few reports mention increased elastic fibers in old-
similar to a noncontracted DA in healthy canine fetuses ander patients with PDA but note that this finding may be a
PDAs with normal tissue architecture in neonatal humanresult of altered hemodynamics over ti#ig? One study
infants. This indicates that factors other than hypoplasia ofound increased elastic fibers in 8 of 20 PDA patients over
ductus muscle still must be considered as potential causels weeks of age but no excess elastic fibers in 22 younger
of PDA in dogs. PDA or ductus diverticulum alone or in patients with PDA® However, the investigators still main-
association with other abnormalities has been observed itained that the increase in elastic fibers probably was a pri-
a line of Keeshonds with conotruncal defets. mary congenital abnormality. No descriptions of ductus
Genetic factors associated with PDA in dogs were sug-muscle hypoplasia, asymmetry, or specifically located elas-
gested by epidemiologic studies 35 years ago when breetic tissue were found.
predispositions for PDA and other abnormalities were 1st Genetic factors are involved in some human patients with
reported:t Although slightly different breed predispositions isolated PDA as well as hereditary skeletal syndromes but
were noted in recent studies, all of the breeds with sporadipathogenetic mechanisms have not been determinguk
PDA in this report except Shih Tzus are breeds with in-mechanism by which congenital rubella causes PDA in hu-
creased relative risk for PDAThe similar pathologic find- mans also has not been determig&d.One investigator
ings in this report suggest that apparently sporadic PDA irreported that the ductus wall in infants with congenital ru-
these breeds is caused by a genetic defect in the structubella appeared immatufe.The rubella virus persists for
of the ductus arteriosus that is similar or identical to thatmonths to years in tissues and causes decreased mitosis in
in the Poodle. When clinic population studies have showrnmost organs, resulting in decreased organ weights and low
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Fig 5. Transverse histologic sections through the patent ductus arteriosus and adjacent vessels at level 6 in a 10-day-old Cockaj,Spaniel
6-week-old German Shepherd D¢B), 8-week-old Shih Tz C), and 12-week-old Collig€D). The aortalike portions of the ductus arteriosus

wall (arrow, dotted brackets) adjacent to the aorta (A) are not contracted and contain thick elastic fibers. The asymmetric ductus muscle (DM)
is contracted and degenerating near the pulmonary artery (P). Intimal thickening is present over the muscular segment in some dogs. Elastic
stain; 25x.
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Fig 6. Transverse histologic section at level 6 through a noncon-
stricted ductus arteriosus (DA) (D) in a 2-week-old Keeshond with a
grade 1 DA abnormality. A focal area of subintimal elastic tissue (ar-
row) is present in the DA wall adjacent to the aorta (A). The DA
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