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Abstract

Immature California sea lions (Zalophus califor-
nianus) and northern elephant seals (Mirounga
angustirostris) withoutevidence of thoracic disease
were radiographed under anesthesia. Important
species-specific variations were noted on thoracic
radiographs. For the California sea lions, the mean
vertebral heart score was 8.65 from the left lat-
eral view, and the cardiac silhouette occupied a
mean of 66% of the internal thoracic width. The
tracheal bifurcation in California sea lions was
located at the level of the first thoracic vertebral
body. For the northern elephant seals, there was
variation in the number of thoracic vertebrae and
ribs from 12 to 15, a lack of pulmonary lobation,
and an indistinct cardiac silhouette. Cardiac mea-
surements could only be made on ventrodorsal
(VD) and dorsoventral (DV) digital radiographs
where the cardiac silhouette occupied a mean of
62% of the internal thoracic width. The combina-
tion of smooth to rounded lung lobe margins with
border effacement of the cardiac silhouette and
diaphragmatic margin is an important, normal,
species-specific finding of the northern elephant
seal that could be easily mistaken for pleural effu-
sion. The carina in the northern elephant seals was
at the level of the fifth thoracic vertebral body. In
both species, the aortic bulb was evident as a focal,
fairly symmetrical cranial mediastinal widening
cranial to the cardiac silhouette on the VD and
DV views, resulting in the aorta being identifiable
on both the right and the left. This is an important
normal finding in marine mammals that should
not be mistaken for pathology. Both species had
a diffuse bronchointerstitial pulmonary pattern
that was slightly more prominent in California sea
lions. This finding was consistent with variation
between these species in the tissues supporting the
small airways.

This prospective study serves as a normal refer-
ence for immature California sea lions and north-
ern elephant seals in veterinary care.
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Introduction

Pinnipeds are commonly maintained in public
display facilities in the United States and require
veterinary care to ensure their welfare under the
Animal Welfare Act, first passed in 1966, admin-
istered by the U.S. Department of Agriculture
(USDA) and implemented by the Animal and
Plant Health Inspection Service (APHIS) (Young
& Shapiro, 2001). Free-ranging individuals fre-
quently strand and also require treatment before
being returned to the free-ranging population
(Colegrove et al., 2005; Greig et al., 2005). Two of
the pinniped species that are examined frequently
by veterinarians (Colegrove et al., 2005; Greig
et al., 2005) are the California sea lion (Zalophus
californianus), an otariid, and the northern ele-
phant seal (Mirounga angustirostris), a phocid.
Both species are members of the order Pinnipedia
and have evolved for survival in an aquatic envi-
ronment. Otariids and phocids have species-spe-
cific anatomical differences, however, that may
affect radiographic evaluation of the thoracic
cavity (Drabek, 1975; King, 1983). Knowledge
of such species-specific variation is essential for
the accurate differentiation between normalcy and
pathology in order that an appropriate prescription
of medical or surgical therapy can be made.
Pneumonia, whether parasitic or bacterial, is
a common cause of morbidity and mortality in
these species (Greig et al., 2005), and particularly
it afflicts immature (pup and yearling) California
sea lions (CSL). Furthermore, weaned north-
ern elephant seal (NES) pups have frequently
been diagnosed post mortem with Otostrongylus
circumlitus infection of the pulmonary arteries
and right ventricle of the heart (Gulland et al.,
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1997; Colegrove et al., 2005) and megaesopha-
gus due to a persistent right aortic arch (Maclean
et al., 2008), both of which may initially be inves-
tigated in the live animal via thoracic radiographs.
However, studies describing normal thoracic
findings do not currently exist, making it diffi-
cult for the inexperienced interpreter to identify
such abnormalities. Other than a book chapter
(Van Bonn et al., 2001), the lack of normal tho-
racic findings in the literature hinders the publi-
cation of abnormal thoracic radiographic find-
ings. The purpose of this prospective study was
to describe normal thoracic radiographic anatomy
in immature CSLs (weaned pups and yearlings)
and immature NESs (weaned pups) and provide
baseline data for future reference.

Materials and Methods

Weaned CSL pups, CSL yearlings, and weaned
NES pups that were admitted to The Marine
Mammal Center, Sausalito, California, without
clinical evidence of pulmonary, cardiac, or pleu-
ral disease, with normal blood profiles (Bossart
et al., 2001) and the absence of parasitic larvae in
fecal samples were recruited for this study if an
anesthetic was required for an unrelated reason.
For CSLs, June 15 is the arbitrary date chosen as
the start of the new pupping season, thus “pups”
were those radiographed before June 15 and
“yearlings” were those radiographed after June
15. Animals were anesthetized using a variety of
protocols according to the individual’s need and
the attending veterinarian’s preference (Haulena &
Heath, 2001). Four-view radiographs of the thorax
were taken of each animal: (1) ventrodorsal (VD),
(2) dorsoventral (DV), (3) left lateral, and (4) right
lateral. Careful positioning was required for radio-
graphs to be considered of diagnostic quality.
For the VD and DV views, this meant inclusion
of both the thoracic inlet and caudal lung lobes,
with at least partial superimposition of the ster-
num over the spine and abduction of the pectoral
flippers away from the thoracic wall. For the lat-
eral views, this meant inclusion of the cranial and
caudal lung lobe margins, superimposition of the
centrally located ribs, absence of superimposition
of the proximal ribs over the spinous processes of
the thoracic vertebrae, and ventral positioning of
the pectoral flippers to minimize their superim-
position. The x-ray beam was centered over the
heart, the position of which was determined by
observation of the apical heartbeat, and collima-
tion was optimized.

Following positioning and before the radio-
graphic exposure was made, the animal was per-
mitted to take five deep breaths to reduce positional
atelectasis. Sandbags, tape strips, and towels were

used to maintain this position while personnel left
the room during each exposure, and the exposure
was timed to coincide with maximal inspiration. A
combination of conventional film-screen and digi-
tal (direct) radiography was used. All radiographic
images were reviewed by one author (SED) for the
following: number of ribs; number of sternebrae;
position of thoracic trachea and tracheal bifurca-
tion (carina); and visibility of cardiac silhouette,
cranial and caudal lobar vasculature, esophagus,
and sternal, mediastinal, and tracheobronchial
lymph nodes. Finally, cardiac silhouette size mea-
surements were made, provided cardiac silhouette
margins were distinct. For the VD and DV views,
the percentage of the internal width of the thoracic
cavity occupied by the cardiac silhouette was cal-
culated by dividing the maximal right-to-left width
of the cardiac silhouette by the internal thoracic
cavity width (right-to-left measurement) at the
same location (Figure 1). The vertebral heart score
(VHS) was calculated after minor modification of
Buchanan’s method (Buchanan & Bucheler, 1995).
The modification was necessary because of the cra-
nial location of the tracheal bifurcation, which was
unrelated to the cardiac base. The long-axis cardiac
measurement was made from the ventral border of
the ventral principle bronchus as the bronchi branch
over the heart base to the cardiac apex (Figure 2).
The short-axis cardiac measurement was made per-
pendicular to the long-axis measurement starting at
the level of the dorsal margin of the caudal vena
cava. The acquired values were then converted to
vertebral lengths by measuring caudally from the
cranial end plate of the fourth vertebral body on the
lateral radiograph and summed to give the vertebral
heart score (Buchanan & Bucheler, 1995; Lister &
Buchanan, 2000).

Results

In total, 15 CSL pups and yearlings (eight male
and seven female) and 10 NES pups (five male and
five female) were examined. Causes for stranding
in the recruited animals included malnutrition
(nine CSLs and 10 NESs) and trauma affecting
either the skull or flippers (six CSLs). A single
radiographic image covered the entire thorax of all
pinnipeds for all views. Radiographs with anno-
tations identifying species-specific findings are
shown in Figures 1 through 4. Specific numerical
findings are tabulated in Table 1. Measurement
data from male and female animals demonstrated
complete overlap of values and thus were grouped
together for analysis.

California Sea Lions (Figures 1 & 2)
No musculoskeletal abnormalities were identi-
fied on radiographs of any animal. The cardiac
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Figure 1. Dorsoventral radiographic view of a normal year-
ling California sea lion (Zalophus californianus) thorax;
black arrow = carina (tracheal bifurcation) and * demon-
strates the lateral margins of the aortic bulb. The cardiac sil-
houette is clearly identifiable. The white arrows demonstrate
the measurements used to calculate the percentage of the
thorax occupied by the cardiac silhouette. There is a normal,
diffuse bronchointerstitial pattern throughout all lung fields.
Right is to the left of the image.

silhouette was identifiable in all animals in all
views but had a shallower angle with the sternum
than is seen in the domestic dog and cat. There was
a focal, fairly symmetrical widening of the cranial
mediastinum immediately cranial to the cardiac
silhouette on the VD and DV views that corre-
sponded to the aortic bulb of the ascending aorta.
Right lateral cardiac measurements were consis-
tently larger than the left lateral measurements for
the same animal but were not significantly differ-
ent (p = 0.49, r = 0.73, Student ¢ test). The car-
diac silhouette had a slightly rounder appearance
on DV compared to VD views, but the percent of
the internal width of the thorax occupied by the
cardiac silhouette was not significantly different
(»=0.09, r = 1.85, Student ¢ test). The caudal car-
diac silhouette and ventral diaphragmatic margins
were evident in all animals on all views.

The lung parenchyma had a diffuse interstitial
to bronchointerstitial pattern. On VD and DV

Figure 2. Left lateral radiographic view of a normal year-
ling California sea lion thorax; black arrow = carina, * =
branching of principle bronchus, and * = dorsal margin of
the caudal vena cava. White arrows demonstrate the modi-
fied measurements used to calculate the vertebral heart score
(VHS). Note the long axis measurement is made from the
ventral surface of the most ventral bronchus at the level of
branching of the principle bronchus. The two measurements
were converted to vertebral lengths by measuring caudally
from the cranial end plate of the 4th thoracic vertebra, then
summed to give the VHS. This conversion is shown by the
two black arrows superimposed on the vertebral canal and,
in this example, the VHS is 8.5. Note how well the cardiac
silhouette is defined compared to the northern elephant seal
example in Figure 4.

views, the trachea coursed sagittal or parasagittal
(consistently right-sided) before branching at the
level of the first thoracic vertebra. From there, the
right and left principle bronchi continued caudally,
located parasagittal on the VD and DV views
and diverging slightly from the vertebral column
on the lateral view toward the cardiac base. The
esophagus was not identified on any view in any
animal and neither were any soft tissue structures
consistent with lymph nodes. The cranial medi-
astinum was parallel with the vertebral column
between the thoracic inlet and aortic bulb on the
VD and DV views and was only identified with
some difficulty on the lateral views.

Northern Elephant Seals (Figures 3 & 4)

No musculoskeletal abnormalities were identified
in any animal. Variations in the number of tho-
racic vertebrae from 12 to 15, and associated ribs,
were observed: 7 of 10 NESs, had 15 thoracic ver-
tebrae, 2 of 10 NESs had 13 thoracic vertebrae,
and 1 of 10 NESs had 12 thoracic vertebrae. The
cardiac silhouette was not definitively identifi-
able in any animal on the lateral view, thus the
VHS calculations were not possible. The caudal
cardiac silhouette and ventral diaphragm could
not be distinguished on the lateral views due to
border effacement. On the VD/DV views, the
prominent aortic bulb was evident as a focal, fairly
symmetrical widening of the cranial mediastinum
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Figure 3. Dorsoventral radiographic view of a normal
northern elephant seal (Mirounga angustirostris) thorax; T
= trachea, black arrow = carina, and * = lateral margins
of the aortic bulb. The cardiac silhouette is far more easily
identified in this view compared to the lateral projection;
however, border effacement remains evident between the
caudal cardiac silhouette and the diaphragm. Note the
rounded caudal margin of the lung lobes, which is normal
for this species and not indicative of pleural effusion. Right
is to the left of the image.

immediately cranial to the cardiac silhouette, and
caused the aorta to be identifiable on both the
right and left of midline. On the VD/DV views,

Figure 4. Left lateral radiographic view of a normal
northern elephant seal thorax; white arrow = carina, white
arrowheads = dorsal margin of the descending aorta, and
* = border effacement between caudal cardiac silhouette
and diaphragm. Note that the cardiac silhouette cannot be
clearly defined on this view and that the ventral lung lobes
are smooth without fissures. There is border effacement
between the ventral diaphragmatic margin and the caudal
cardiac silhouette, which is normal for this species and not
indicative of pleural effusion. Note the diffuse interstitial
pattern throughout all lung lobes.

the cardiac silhouette was identified in the three
of ten animals that had radiographs taken using
digital radiography.

The lung lobes did not fill the entire thorax and
were poorly lobated as identified by the smooth
ventral and caudal margins without fissures. A
diffuse bronchointerstitial pattern throughout all
lung lobes, similar to, but less remarkable than,
the pattern identified in the CSL, was present. On
VD and DV views, the trachea coursed sagittal
or parasagittal (consistently right-sided) before
branching at the level of the fifth thoracic verte-
bral body. From there, the bronchi continued cau-
dally, either sagittal or parasagittal. The esophagus
was not identified on any view in any animal and

Table 1. Observations from thoracic radiographs of California sea lion (Zalophus californianus) pups and yearlings and
northern elephant seal (Mirounga angustirostris) pups; the cardiac silhouette could not be confidently identified from the
lateral radiographic views in any northern elephant seal thus vertebral heart score measurements were not possible. CSL =
California sea lion; NES = northern elephant seal; n/a = not applicable.

CSL NES

Modal number of ribs and thoracic vertebrae (range) 15 (n/a) 15 (12-15)
Number of sternebrae 8 8
Mean (95% CI) cardiac silhouette vertebral heart score:

Right lateral (Rt lat) 8.75 (8.41-9.01) Not

Left lateral (Le lat) 8.65 (8.39-8.90) measurable
Mean width of cardiac silhouette to thoracic width as percentage:

Ventrodorsal (VD) 63% 59%

Dorsoventral (DV) 66% 62%
Median (range) position of tracheal bifurcation compared to spine T1 (C7-T1) TS5 (T4/5 to T5/6)
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neither were any soft tissue structures consistent
with lymph nodes.

Discussion

Herein, the normal thoracic radiographic anatomy
in immature CSLs and NESs is described. Many
differences exist when compared to domestic dogs
and indeed each other; thus, it is imperative that
veterinarians are familiar with the species-specific
anatomy before attempting interpretation of such
radiographic studies.

The increased pulmonary bronchointerstitial pat-
tern present in the population reported herein is not
surprising considering other reports have described
increased connective tissue present for support of
the airways (Green, 1972; King, 1983). One impor-
tant anatomical difference between the CSL and the
NES is the level at which cartilaginous support of
the airways terminates. In the CSL, this termina-
tion is at the alveolar junction with the bronchioles,
while in the NES, the termination is more proximal,
within the small bronchi (Green, 1972; Simpson
& Gardner, 1972; King, 1983). Furthermore, the
distal small bronchioles of phocids are supported
by muscle that bridges the gap between the termina-
tion of the cartilaginous support and the alveoli, a
distance of approximately 2 mm. This lower airway
development begins in the foetus but is not com-
pleted until several months of age (King, 1983).
Cartilage and muscle will both attenuate x-rays more
than the air-filled alveoli, resulting in an increase in
radiographic opacity correlating with these regions.
Additionally, respiratory tract cartilage has a ten-
dency to mineralize, further increasing the attenu-
ation properties of the tissue and further increas-
ing the resultant radiographic opacity (Berry et al.,
2007). This infers that a mild, diffuse, and uniform
bronchointerstitial pattern is a normal finding in both
species and should be slightly more pronounced in
the CSL due to the greater amount of cartilagenous
support that may mineralize. The difference in pul-
monary pattern identified between the animals stud-
ied herein may also, in part, represent the slight age
difference. NES weaned pups, approximately 3 to 6
mo of age, would likely have still been developing
the support surrounding the airways (King, 1983),
whereas the ages of the weaned CSL pups and year-
lings, estimated to have ranged from approximately
9 to 15 mo, suggest that lower airway support would
have been fully developed. The animals recruited
for this study were from the age groups for each spe-
cies commonly admitted into rehabilitation, and this
normal difference in pulmonary pattern between the
species is important to recognize.

A general reduction in lung lobation has been
identified in all phocid species compared to otariid
species, with almost negligible lobation evident in

some. This variation is thought to correlate with
differing diving behaviours (King, 1983). The
reduced lung lobation of phocids was demon-
strated radiographically in the NES by rounded
caudal and ventral lung margins, a lack of fissure
lines, and border effacement between the caudal
cardiac silhouette and the diaphragm. This com-
bination of border effacement with rounded lung
lobe margins in the NES could be mistaken for
an abnormality such as pleural effusion (Lord
et al., 1972). Hence, this is an extremely impor-
tant species-specific variation to note during inter-
pretation of thoracic radiographs. Conversely, the
lung lobation in the CSL is similar to terrestrial
mammals (King, 1983) and, as a result, the CSL
thoracic radiograph more closely resembled the
radiograph of the dog than the radiograph of the
NES. Thus, evidence of border effacement and
rounded lung lobe margins in CSL radiographs
should be considered clinically significant as it is
in the dog (Lord et al., 1972).

The pulmonary lobar vasculature was difficult
to define due to the background pulmonary pat-
tern. The caudal lobar vasculature was the easi-
est to evaluate and was best defined on the DV
view as previously described in other species
(Kirberger & Avner, 2006). This was similar for
both species.

In the CSL, the carina was identified at the level
of the first thoracic vertebra, markedly cranial
to the level of the heart base where the carina is
located in dogs and cats (Berry et al., 2007) and
consistent with previous reports (King, 1983). It
is interesting to note that the NES carina was posi-
tioned at the level of the fifth thoracic vertebra,
near the site where the principle bronchi insert
into the parenchyma of the lung (King, 1983).
This variation in carina position has clinical impli-
cations particularly for endotracheal intubation
(Haulena & Heath, 2001).

The pinniped heart has the same anatomy as
dogs and cats but is flatter and broader in shape
(King, 1983). In this study, the cardiac silhou-
ette occupied approximately 63 to 66% of the
thorax in CSLs and 52 to 62% in NESs, and
this small difference between species was most
likely due to their different body conformations
as accounts for similar variations in different
breeds of dogs (Berry et al., 2007), with CSLs
more deep-chested and NESs being more barrel-
chested. Similar to previous studies in dogs, the
cardiac silhouette was slightly elongated on VD
views compared to DV views (Kirberger & Avner,
2006). Buchanan’s vertebral heart score has been
used in dogs (Buchanan & Bucheler, 1995) and
in cats (Lister & Buchanan, 2000) to determine
cardiomegaly vs normalcy. In those species, the
long-axis measurement was made through the
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heart from the carina to the cardiac apex. While
the CSL carina was not positioned over the heart
base, the branching of the principle bronchus into
secondary bronchi was repeatedly evident over
the heart base. This observation led to modifica-
tion of Buchanan’s method by the authors, using
the branching of the principle bronchus over the
heart base as the landmark for the long axis mea-
surement. The long and short axis measurements
were then converted into vertebral lengths and
summed to give a VHS as performed in dogs and
cats. Using this method, cardiac size in the CSL
was determined to have a mean and 95% CI of
8.6 and 8.39 to 8.9 vertebral lengths, respectively,
from the left lateral view. Thus, the cardiac size in
CSLs measured smaller than the VHS of 9.7 +/-
0.5 described in dogs by Buchanan & Bucheler
(1995) and larger than the 7.5 +/- 0.3 described
in cats by Lister & Buchanan (2000). The cardiac
size was smaller on the left lateral view than the
right lateral view in 13 of 15 CSLs as expected
from positional radiographic studies (Kirberger
& Avner, 2006; Greco et al., 2008). Interestingly,
two of 15 CSLs did not follow this trend, instead
demonstrating larger VHS from their left lateral
radiographs. This can be explained by considering
the bradycardia that occurs during an anesthesia-
induced dive reflex (Kooyman et al., 1981; King,
1983; Haulena & Heath, 2001), resulting in a com-
paratively longer duration of systole. This was not
specifically studied herein, however.

Mature CSLs and NESs demonstrate sexual
dimorphism (Green, 1972; King, 1983). The car-
diac measurement data acquired for males and
females for both species described herein demon-
strated complete overlap, and thus the data were
grouped together. As immature animals were used
for this study, a lack of differentiation between
male and female data is not surprising. Potential
variation in normal cardiac size ranges between
mature male and female animals should not be
ignored, and more work is needed to determine
this. However adult NESs are rarely found in cap-
tivity and are unlikely to be admitted into the reha-
bilitation setting (Gulland, pers. comm.).

The cranial mediastinum was focally and fairly
symmetrically widened in both species immedi-
ately cranial to the cardiac silhouette on the VD/
DV view. The widening was most easily identi-
fied on these views but could also be seen on the
lateral views with careful evaluation, and it cor-
responded with the location of the aortic bulb.
The aortic bulb of marine mammal species is an
elastic enlargement of the ascending aorta that
varies in comparative size according to species
(Drabek, 1975; King, 1983; Ponganis, 2002).
The enlargement is maximal through the region
where the brachiocephalic trunk and carotid and

subclavian arteries originate (King, 1983). The
ascending aorta diameter gradually increases from
its origin to its maximal dimension at the aortic
bulb and then suddenly decreases in diameter at
the level of the ductus arteriosus or ligamentum
arteriosus. From here, the descending aorta is uni-
form in diameter and approximately 50% of the
diameter of the aortic bulb (King, 1983). On VD
and DV radiographs, the aortic bulb permits iden-
tification of the aorta on the right before it crosses
midline to assume the familiar left-sided position
identified in dogs and cats (Berry et al., 2007).
The aortic bulb is an adaptation for diving and
is believed to maintain blood pressure and thus
cardiac and brain perfusion during the prolonged
diastole associated with dive-induced bradycardia
(Drabek, 1975; Ponganis, 2002). It is an extremely
important variation found in marine mammals and
should not be mistaken for pathology.

Variation in skeletal, and more specifically,
vertebral morphology has been described before
in marine and terrestrial mammals alike (Green,
1972; Ferrell et al., 2007; Newitt et al., 2008). The
number of ribs will vary with the number of tho-
racic vertebrae. While 15 thoracic vertebrae and
rib pairs were identified in all CSLs, the number
of thoracic vertebrae and rib pairs was less than
15 in 3 of the 10 NESs. Congenital abnormalities
are known to occur frequently in NESs, affecting
around 5% of stranded pups (Trupkiewicz et al.,
1997). Bonnell & Selander (1974) proposed that
the frequency with which they are seen relates to
the recovery of the NES population from devas-
tatingly low numbers and a subsequent restricted
gene pool. The congenital skeletal variations such
as described herein are unlikely to be of clinical
significance (Ferrell et al., 2007; Newitt et al.,
2008). The actual frequency with which they occur
within the general population is not known and was
not specifically investigated as part of this study.

One limitation in this study is the presump-
tive, rather than proven, normalcy of the thoraces
that were radiographed. All animals included in
the study were successfully rehabilitated and
released, thus necropsy data were not available to
correlate with radiographic findings. However, the
absence of clinical signs associated with pulmo-
nary or cardiac pathology, normal blood profiles,
and fecal samples devoid of parasitic larvae plus
subsequent release into the free-ranging popula-
tion without restranding is strongly suggestive of
normalcy. In addition, all findings were uniform
and consistent among animals examined as part
of this study. Thus, we propose the results of this
study as normal thoracic radiographic anatomy
for immature CSLs and NESs.
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