
INTRODUCTION

Osteosarcomas (OSAs) are the most fre-
quently occurring bone tumours in dogs
(Brodey and others 1963). Chondrosarco-
mas, fibrosarcomas, plasma cell tumours
and metastatic bone tumours occur less
often (Brodey and others 1963, Knecht and
Priester 1978, Jongeward 1985). Although
OSAs frequently have characteristic clinical
and radiological features, diagnosis should
always be based on a pathological examina-
tion. Several techniques for bone biopsies
have been described (Martin and Ellis
1930, Schajowicz and Hokama 1976,
Mankin and others 1982) including open
surgical biopsy, core biopsy and fine-needle
aspiration biopsy (FNAB). Open surgical
and core biopsies can be carried out to
obtain samples for histological and cytolog-
ical examination but can only be performed
under general anaesthetic, and are associ-
ated with more complications (Mankin and
others 1982). FNAB can be performed
without anaesthesia but the material
obtained can only be used for cytological
examination (Akerman and others 1976,
Mahaffey 1999). In contrast to histology,
cytology can be performed without delay
(within several minutes) although it may
not provide definitive information in all
cases.ll

In humans, FNAB cytology is used with
increasing frequency in the diagnosis of
bone tumours and is associated with high
diagnostic accuracy (Jorda and others
2000). In companion animals, FNAB
cytology correlates well with histological
examination (Stockhaus and others 2003).
However, in humans and companion 
animals differentiation of benign mesen-
chymal proliferations and moderate to
well-differentiated OSAs is frequently dif-
ficult (Jorda and others 2000, Stockhaus
and others 2003). Furthermore, subtyping
of sarcomas is difficult when based on
cytological examination because of the lack
of architectural information in cytological
specimens (Layfield and others 1987,
White and others 1988, Jorda and others
2000, Stockhaus and others 2003). 
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Cytological criteria in dogs with benign
and malignant bone diseases have not been
evaluated, making an objective and stan-
dardised cytological examination of bone
biopsies difficult. The diagnostic criteria
which have been described in the veteri-
nary literature are frequently extrapolated
from human histology and cytology, and
general veterinary cytology (Akerman and
others 1976, Mahaffey 1999). 

The aim of the study reported here was to
determine significant cytological characteris-
tics of OSAs in dogs, which can be used to
differentiate benign bone lesions from OSAs.

MATERIALS AND METHODS

Cytological touch impressions of open sur-
gical bone biopsies were performed in 25
dogs with OSA (group 1) and in 20 dogs
which were admitted to the Small Animal
Clinic at the Free University of Berlin, for
removal of bone implants after uncompli-
cated healing of bone fractures (group 2).
Group 1 consisted of 16 different breeds
and crossbreeds, aged between one and 13
years (median 7·2 years). Group 2 con-
sisted of 15 breeds and crossbreeds with a
median age of two years. Tumours were
located in the humerus (n=6), radius
(n=6), femur (n=5), skull (n=4), vertebrae
(n=2), tibia (n=1) and sternum (n=1). In
all cases, tumours were diagnosed by histo-
logical examination of open surgical
biopsy material. The dogs in group 2 had
suffered from bone fractures four weeks to
eight months previously (median duration
three months). In all cases, there was no
evidence of a tumour-associated fracture.iii

Histological examination
Excised tumour specimens were fixed in 10
per cent neutral buffered formalin. Repre-
sentative parts of the slices of fixed tissue
were then routinely embedded in paraffin
wax and 4 µm thick sections were stained
with haematoxylin and eosin. Prior decal-
cification of the tissue slices had been per-
formed as necessary to obtain appropriate
sections of hard tumours. 

Cytological examination
In order to obtain the best correlation
between cytology and histology, imprint

smears of histological biopsies were used
for cytological evaluation. Neoplastic bone
tissue in group 1 and callus tissue in group

Quality Poor (1)=>40% degenerate cells 
Moderate (2)=10 to 40% degenerate cells
Good (3)=<10% degenerate cells

Cellularity (0)=hardly any cells
Poor (1)=3 to 6 cell aggregates per slide
Moderate (2)=7 to 15 cell aggregates per slide
High (3)=>15 cell aggregates per slide

Blood contamination (0)=blood not detectable
Low (1)=very small amount
Moderate (2)=small amount of blood scattered among cell
aggregates
High (3)=large amount of blood among cell aggregates

Bacteria (0)=no bacteria detectable
(1)=bacteria present

Necrosis (0)=no necrosis 
Mild (1)=<5% cells with necrosis
Moderate (2)=5 to 10% cells with necrosis
High (3)=>10% cells with necrosis

Osteoid (0)=no osteoid 
Mild (1)=small amount of osteoid scattered among osteoblasts
High (2)=large amount of osteoid detectable among the 
osteoblasts

Number of cell %=150 cells of the total cell population counted: osteoblasts
populations fibroblasts, fibrocytes, neutrophils, eosinophils, mast cells,

lymphocytes, lymphoblasts, plasma cells, endothelial cells,
macrophages, osteoclasts

Haematopoietic precursor (0)=no precursor cells
cells Mild (1)=<5% precursor cells

Moderate (2)=5 to 20% precursor cells
High (3)=20 to 40% precursor cells

Cytological criteria Intensity/statistics

Table 1. Description of general cytological criteria for evaluating bone
preparations in dogs 

Cell borders (1)=not distinct, (2)=medium, (3)=distinct, mean per 50 cells
Cell size Mean internal diameter per 50 cells
Cell width Radial diameter per 50 cells
Nuclear size Mean length per 50 cells
Nuclear width Radial diameter per 50 cells
Nucleus:cytoplasm ratio Mean ratio per 50 cells
Nuclei per cell Mean number per 100 cells
Nucleoli per nucleus Mean number per 100 cells
Mitoses Mean number per 150 cells
Colour of nuclei Red (1), pale blue (2), dark blue (3), mean per 50 cells
Colour of nucleoli Grey-red (1), blue (2), dark blue (3), mean per 50 cells
Angular nucleoli (0)=none

Irregular (1)=angular nucleoli in 0 to 5% of the osteoblasts
Moderate (2)=detected in 5 to 20% of the osteoblasts
High (3)=occur in 20 to 50% of the osteoblasts, mean per 50 cells

Nuclear membrane (0)=normal
Irregular (1)=thickened in <5% of the osteoblasts
Mild (2)=thickened membrane in >5% of the cells

Chromatin pattern (1)=finely stippled, (2)=reticular, (3)=coarse, (4)=clumped, 
(5)=smudged

Colour of the cytoplasm (1)=pale blue, (2)=blue, (3)=dark blue, mean per 50 cells
Vacuoles in cytoplasm (0)=none, (1)=some, (2)=moderate, (3)=many, mean per 50 cells
Malignancy criteria (see Fig 4) (0)=none, (1)=occurrence per 100 cells, nuclear and cytoplasmic

criteria
Eosinophilic granulation (0)=none
of osteoblasts (1)=some cells

Intermediate (2)=cells with eosinophilic granulation between
osteoblasts without granules
Many (3)=>50% granulation

Cell form in fibroblasts 0=none
1=some round fibroblasts (<20%)
(2)=many round fibroblasts (>20%) 

Cytological criteria Intensity/statistics

Table 2. Description of nuclear and cytoplasmic criteria of osteoblasts 
and fibroblasts for evaluating bone preparations
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2 were obtained during surgery. Parts of
each tissue piece were first pressed on to 
a piece of paper to reduce the amount of
blood on the tissue surface and then multi-
ple impression smears were prepared using
glass slides. Other parts of each tumour
sample were used for histological examina-
tion. The cytological smears were air dried
and stained with May-Grünwald-Giemsa
stain (Hemafix; Biomed). 

During the examinations the smears
were coded to prevent the observers from
knowing the disease of each dog. The most
representative parts of the smears, contain-
ing sufficient cellular material, were 
collected for cytological assessment. The
slides were examined for general cyto-
logical criteria, including quality, cell-
ularity, presence of bacteria, frequency of 
cellular degeneration/necrosis, amount 
of osteoid and incidence of cell popula-
tions, including osteoblasts, chondro-
blasts, chondrocytes, fibroblasts, fibrocytes
and inflammatory cells (Table 1). Osteo-
blasts, osteoclasts and fibroblasts were
analysed for general cell criteria, nuclear
criteria and cytoplasmic criteria (Table 2).ll 

Statistical analysis
Statistical analysis was performed using the
SPSS Windows 10.1 statistical package.
For cytological parameters, the mean, 95
per cent confidence interval and rela-
tive proportion of the two groups were
recorded. The influence of the underlying
disease (OSA or reparative callus tissue) 
on the intensity of cytological parameters
was analysed with a one-way analysis of
variance for interval data, the Kruskall-
Wallis test for ordinal data, and the chi-
squared test for bivariate data. P<0·05 was
considered significant. 

RESULTS

Histological examination of bone biopsies
in animals with bone tumours revealed
three subtypes of OSA, including osteo-
blastic OSA (n=17), chondroblastic OSA
(n=5) and fibroblastic OSA (n=3).

The results of general cytological cri-
teria in both groups are shown in Table 3.
Quality was moderately good in most cases
and was less frequently poor due to cellular
degeneration in both groups. Cellularity
was higher in the tumour group than in
group 2. The specimens in both groups
regularly contained moderate amounts of
blood. Bacteria were detectable only in one
patient with OSA. Cellular necrosis was
found in 84 per cent of patients with OSA
and in 30 per cent of patients in group 2.ll

In both groups, mild to moderate
amounts of an eosinophilic, osteoid-
like, extracellular substance surrounding
osteoblasts was detectable in many cases.
Haematopoietic precursor cells occurred
frequently in specimens from group 2 but
were only rarely detectable in group 1. In
both groups, osteoblasts (86 to 90·5 per
cent) were the most prominent cell type,
although several fibroblasts (0 to 36 per
cent) could also be found. Less frequently
osteoclasts (3 to 4 per cent) and only rarely
chondroblasts and chondrocytes (less than
1 per cent each) were present. There was
also no significant difference in the relative
proportions of other cell populations. 

The specific cellular parameters of 
the different cell populations, including

osteoblasts, fibroblasts and osteoclasts, are
given in Table 4. Osteoblasts in group 1
dogs frequently had poor to moderately
distinct cell borders, while in group 2 cell
borders were more distinct. The cytoplasm
of osteoblasts was pale blue to blue with a
more pronounced basophilia in osteoblasts
in dogs from group 2. In 48 per cent of the
dogs with OSA, but not in any dogs from
group 2, osteoblasts showed a slight to
moderate eosinophilic cytoplasmic granu-
lation (Fig 1). In dogs from both groups,
osteoblasts contained one red to pale blue
nucleus. In group 2 dogs, osteoblasts con-
tained one or two nucleoli while, in group
1, 44 per cent of the dogs had osteoblasts
with more than two nucleoli per nucleus.
In both groups, nucleoli were in most cases
grey-red to blue. The cellular diameter was
higher in group 2, while the nuclear diam-
eter was significantly higher in group 1.
Therefore, the median nuclear:cytoplasm
ratio was higher in group 1 (1:2·0) than in
group 2 (1:3·5).l

In group 1 dogs, the frequency of
mitoses of osteoblasts ranged between 0 and
4 per cent, and only two of 25 dogs with
OSAs showed no evidence of mitotic
osteoblasts. In contrast, mitosis in osteo-
blasts in cytological smears was only seen 

Quality (% of animals) (1)=20, (2)=80 (1)=30, (2)=65, 0·656
(3)=5

Cellularity (% of animals) (1)=20, (2)=48, (1)=65, (2)=30, 0·001
(3)=32 (3)=5

Blood contamination (1)=24, (2)=68, (1)=10, (2)=60, 0·047
(% of animals) (3)=8 (3)=30

Bacteria (% of animals) (0)=96, (1)=4 (0)=100 0·366
Necrosis (% of animals) (0)=16, (1)=52, (0)=70, (1)=30, 0·0001

(2)=32
Osteoid (% of animals) (0)=24, (1)=64, (0)=40, (1)=35, 0·792

(2)=12 (2)=25
Haematopoietic precursor cells (0)=96, (1)=0, (0)=25, (1)=35, 0·0001

(% of animals) (2)=4 (2)=35, (3)=5
Osteoblasts (% of total cell Mean=84·7, Mean=89·4, 0·077

population) range=64-97·5 range=61-98 
Fibroblasts (% of total cell Mean=9·46, Mean=6·85, 0·29

population) range=0-33 range=0·5-36  
Osteoclasts (% of total cell Mean=3·96, Mean=3, 0·104

population) range=0-8 range=0·5-7
Lymphocytes/plasma cells Mean=0·04, Mean=0, 0·37

(% of total cell range=0-1 range=0-0
population) 

Neutrophils (% of total cell Mean=0·6, Mean=0·47, 0·32
population) range=0-3·5 range=0-5 

Macrophages (% of total cell Mean=0·48, Mean=0 0·36
population) range=0-4·5

Mast cells (% of total cell Mean=0·08, Mean=0 0·37
population) range=0-2

(0), (1), (2), (3) See descriptions in Tables 1 and 2

Cytological criteria Osteosarcoma Callus P value

Table 3. Results of general cytological criteria applied to dogs with
osteosarcoma (group 1) and dogs with reparative bone tissue (callus) 
after bone fracture (group 2)
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in one dog from group 2. Osteoblasts in
group 2 dogs showed a finely stippled 
to reticular chromatin pattern, while
osteoblasts in dogs with OSAs had a 
reticular to clumped chromatin pattern.
Osteoblasts in group 1 dogs had signifi-
cantly more criteria of malignancy (median

six per patient) than osteoblasts in group 2
dogs (median two per patient), including
angular nucleoli (68 per cent), anisonucleo-
sis (76 per cent), macronucleolisation (52
per cent), nuclear moulding (48 per cent),
aberrant mitoses (44 per cent) including
tripolar mitoses or those with unequal dis-

tribution of chromatin (Fig 2), thickening
of the nuclear membrane (40 per cent), and
cytoplasmic vacuolisation (40 per cent)
(Figs 3 and 4). Anisocytosis and aniso-
karyosis were detectable in most cases in
both groups. Osteoclasts had similar chro-
matin patterns (reticular pattern), and 
frequently showed anisocytosis and aniso-
karyosis in dogs in both groups.

In contrast to osteoblasts, fibroblasts
showed no significant difference in the
nuclear:cytoplasm ratio between the two
groups. In group 1 dogs, fibroblasts fre-
quently had a round cell form (66 per cent
of the dogs) in contrast to fibroblasts in
dogs from group 2 which always had an
elongated spindle-like cell form. In addi-
tion, fibroblasts in dogs from group 1 had
more malignancy criteria. However, no 
criterion was specifically associated with
group 1. 

FIG 2. Osteoblasts with aberrant mitosis due to unequal distribution of
chromatin. May-Grünwald-Giemsa. �400 

FIG 3. Pleomorphic
osteoblasts with
clumped chromatin
pattern, anisonucleosis
and angular nucleoli.
May-Grünwald-Giemsa.
�1000

FIG 1. Osteoblasts with cytoplasmic eosinophilic granulation. 
May-Grünwald-Giemsa. �1000

Cell borders 1·44 1·23-1·65 2·1 1·96-2·24 0·0001
Cell size (µm) 19·29 18·41-20·17 20·53 19·63-21·4 0·05
Nuclear size 13·01 12·46-13·56 10·7 10·28-11·13 0·0001
Nucleus:cytoplasm ratio 2·07 1·95-2·2 3·56 3·31-3·8 0·0001
Nuclei per cell 1·12 0·98-1·26 1·0 1·0-1·0 0·113
Nucleoli per nucleus 2·44 2·12-2·76 1·4 1·16-1·64 0·000
Mitoses 2·44 1·64-3·24 0·1 0·1-0·1 0·000
Colour of nuclei 1·8 1·51-2·09 1·5 1·26-1·74 0·162 
Colour of nucleoli 1·8 1·53-2·07 1·4 1·16-1·64 0·036
Angular nucleoli 0·88 0·58-1·18 0·05 0·05-0·05 0·000
Nuclear membrane 0·44 0·20-0·68 0·05 0·05-0·05 0·007
Chromatin pattern 2·68 2·4-2·96 1·7 1·48-1·92 0·0001
Colour of the cytoplasm 1·56 1·32-1·80 2·05 1·95-2·15 0·001
Vacuoles in cytoplasm 0·44 0·2-0·68 0·05 0·05-0·05 0·007
Malignancy criteria 6·28 5·13-7·43 2·0 1·7-2·3 0·0001
Eosinophilic granulation 0·56 0·29-0·83 0 0 0·0001
of osteoblasts

Cell form in fibroblasts 0·75 0·49-1·01 0 0 0·0001

Cytological criteria Osteosarcoma Callus P value
examined in osteoblasts (group 1) (group 2)

Mean 95% confidence Mean 95% confidence
interval interval

Table 4. Results of cytological criteria applied to dogs with osteosarcoma
(group 1) and dogs with reparative bone tissue after bone fracture (group 2) 
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DISCUSSION

A preoperative diagnosis is essential in the
management of bone tumours including
OSA (Den Heeten and others 1985,
MacEwen and Kurzman 1996, Jorda and
others 2000). In humans, fine-needle 
aspiration cytology has shown increasing
relevance in the diagnosis of bone
tumours, having first been described in
1930 by Martin and Ellis. The advantage
of this technique is the minimal invasive-
ness without the need for anaesthesia 
(El-Khoury and others 1983). In contrast,
core-needle biopsies and open surgical
biopsies are criticised for their invasiveness,
the rate of complications, and the time
lapse before a concrete diagnosis can be
reached (Mankin and others 1982).

Several studies have pointed out that
accuracy in diagnosis of the tumour can
reach values above 85 per cent (Akerman
and others 1976, Layfield and others
1987, Jorda and others 2000). However,
since tissue architecture cannot be inter-
preted with cytology, subtyping of
tumours is frequently not possible. Fur-
thermore, it is difficult to differentiate
inflammatory or reactive bone prolifera-
tions and OSAs based solely on cytological
examination (Stockhaus and Teske 2001,
Stockhaus and others 2003). 

Several cytological criteria for diag-
nosing OSA have been described in the
veterinary (Mahaffey 1999) and medical
literature (Hajdu and Melamed 1971,
Akerman and others 1976, Collins and
others 1998). However, these criteria have
usually been extrapolated from human his-
tology and cytology, and general veterinary
cytology. Therefore, the present study was
performed to evaluate cytological criteria

for non-neoplastic bone lesions and OSA
in the dog.

Because of the need for direct compari-
son of the cytological smears with histol-
ogy, imprint smears of histological biopsies
were used and not FNABs. This might
have influenced the parameters of cellular-
ity and the quality of the smears. However,
there is no reason to believe that this would
have influenced other parameters. 

In most dogs with OSA, cellularity 
was moderate and in reparative bone 
proliferations cellularity was poor to mod-
erate. This might have been caused by
increased cell exfoliation in malignant
tumours due to diminished cellular cohe-
sion (Perman and others 1979), while in
benign mesenchymal proliferations cellu-
lar cohesion is normal (Jayram and others
1994, Stockhaus and others 2003). 

In most cases, the quality of the tissue-
imprint smears was moderate to good. In
FNAB of bone cells, yield can sometimes
be poor due to problems in obtaining suf-
ficient cell material (Stockhaus and others
2003). 

Haematopoietic precursor cells oc-
curred frequently in callus material but not 
in malignant tissue. It is probable that
physiological haematopoiesis is reduced in
tumour areas due to infiltration of tumour
tissue. 

Smears of OSA tissue frequently con-
tained moderate amounts of necrotic 
cellular material, probably due to deficient
vascularisation of tumour tissue. In OSA
tissue and in callus tissue, osteoblasts 
and fibroblasts were the predominant cell
types. Osteoblasts in OSA frequently had
poor to moderately distinct cell borders
and grey-red to light blue cytoplasm. In
this study, cytoplasmic basophilia was

more pronounced in callus tissue,
although this criterion has been described
as a sign of malignancy caused by increased
RNA content of neoplastic cells (Zinkl
1981, Tyler and others 1999). 

According to the observations of Hajdu
and Melamed (1971), eosinophilic granu-
lation of cytoplasm was only detectable 
in OSA. However, the present study does
not prove that granulation reflects a
tumour-specific product. 

In both groups 1 and 2, osteoblasts con-
tained one pale red to grey-red nucleus.
The nuclei contained one or two grey-red
to blue nucleoli in callus smears and fre-
quently more than two nucleoli per nucleus
in OSA. This observation has been con-
firmed in humans with OSA (Jayram and
others 1994, Collins and others 1998). In
OSA tissue, the nucleus:cytoplasm ratio
was significantly increased, as a result of an
increase in the nuclear diameter and a
decrease in the cellular diameter, compared
with that in dogs with reparative prolifera-
tions. In malignant tumours, the
nuclear:cytoplasm ratio is frequently lower
than 1:2 because of an increase in nuclear
material (Tyler and others 1999). The
reduced cellular size of osteoblasts might be
related to cellular crowding of tumour cells. 

Another important diagnostic criterion
in the diagnosis of OSA is the nuclear
chromatin pattern which is frequently
more clumped and condensed than in
benign proliferations (Collins and others
1998).

Osteoblasts in dogs in group 1 showed
significantly more criteria of malignancy
than osteoblasts in dogs in group 2,
including angular nucleoli, thickening of
the nuclear membrane, cytoplasmic vac-
uolisation, anisonucleosis, macronucleo-
lisation, aberrant mitoses and nuclear
moulding. The malignancy criteria of
anisocytosis, anisokaryosis and cytoplas-
mic basophilia (Tyler and others 1999)
appear not to be relevant parameters in
OSA since they occurred frequently in
both groups. Osteoclasts were detectable
in both groups with similar frequencies
and therefore are not specific for the diag-
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nosis of OSA. However, in this study, 
specific methods for the differentiation of
benign and malignant giant cells, as
described by Jösten and Rudolph (1997)
for paraffin wax sections, were not used.lll

Fibroblasts in OSA tissue showed more
criteria of malignancy, including aniso-
cytosis and anisokaryosis, and frequently
had a round cell form that has been
described in fibrosarcoma in dogs and cats
(Stirtzinger 1988). However, it remains
uncertain whether this criterion is con-
fined to specific forms of OSA or can be
generally observed in all forms of OSA, as
the numbers of the subtypes (other than
osteoblastic OSA) were too small to expect
significant differences. Furthermore, it
cannot be completely ruled out that some
cells in this study that were identified as
fibroblasts were not in fact chondroblasts.
However, chondroblasts are frequently
more intensely basophilic with the haema-
tological stains used in this study, and the
cytoplasm frequently contains cytoplasmic
vacuoles (Peng and Yan 1985, Stirtzinger
1988). 

Although the cytological determination
of malignancy in OSA might be asso-
ciated with high diagnostic accuracy, it 
is frequently difficult to identify the 
exact type of sarcoma based on cytology
alone (White and others 1988, Stockhaus
and others 2003). Several authors recom-
mend the identification of osteoid as a
good criterion for the diagnosis of OSA
(Mahaffey 1999). In the present study,
extracellular eosinophilic material sur-
rounding osteoblasts, identified as osteoid,
was not detectable in 24 per cent of the
OSA and 40 per cent of the reparative
lesions. Therefore, the cytological identifi-
cation of a malignant mesenchymal
tumour as OSA, based on the occurrence
of osteoid (Hajdu and Melamed 1971,
Ayala and others 1995), is not a specific

procedure. Furthermore, it might be diffi-
cult to differentiate collagen, chondroid
and osteoid based solely on a haemato-
logical stain like May-Grünwald-Giemsa
(White and others 1988). 

In the present study, most cases of OSA
were of intermediate or poor differentia-
tion. Therefore, further studies are needed
to determine the value of these cytological
criteria and the diagnostic accuracy of the
cytology in well-differentiated OSA, which
is difficult to diagnose using cytology alone
(Kabukcuoglu and others 1998, Jorda and
others 2000). Furthermore, it is unclear
whether the subtype of OSA may influ-
ence the cytological characteristics of the
different cell types. 

Conclusions
The cytological criteria presented in this
study can be helpful in the objective diag-
nosis of canine OSA but further studies are
needed to determine the sensitivity and
specificity of cytology in the diagnosis of
OSA.
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INTRODUCTION

The Rhodesian ridgeback is an African dog
breed, the characteristic phenotype of
which is a coat that forms a dorsal ridge.
The ancestry of this phenotype is sug-
gested to be an indigenous African breed –
the Hottentot hunting dog (Hare 1932,
Hawley 1984). Crossbreed dogs, which
originated from European breeds, were
mated with the Hottentot hunting dog
over a 200-year period, resulting in today’s
Rhodesian ridgeback breed (Mann and
Stratton 1966). The Rhodesian ridgeback
breed is often associated with hereditary
abnormality referred to as dermoid sinus
(Hathcock and others 1979, Lambrechts
1996, Cornegliani and others 2001).

Dermoid sinus is a congenital malforma-
tion caused by an incomplete separation of
the skin and neural tube during embryonic
development (Fatone and others 1995,
Booth 1998, Cornegliani and others 2001).
The abnormality is also termed a dermoid
cyst or pilonidal cyst (Tshamala and Moens
2000). However, there are anatomical dif-
ferences between a dermoid sinus and a 
dermoid cyst (Blood and Studdert 1999). A
dermoid sinus is a tube-like tract lined by
hair follicles and sweat and sebaceous glands
(Swenson 1989, Tshamala and Moens

2000). The lumen of the sinus may also
contain sebum, hair (Lambrechts 1996,
Cornegliani and others 2001) and keratin
debris (Scott and others 1995). The compo-
sition of the sinus is unchanged through 
the epidermis, dermis and lower layers of
tissue. In contrast, a dermoid cyst is a 
closed epithelium-lined sac or capsule con-
taining a semi-solid or liquefied substance 
(Goldsmith and Shofer 1992).

A dermoid sinus connected to the skin
can be detected by palpation. If the sinus
tube develops a secondary infection, the
dog may show signs of pain during palpa-
tion (Fatone and others 1995, Lambrechts
1996). One of the characteristics of a der-
moid sinus is tufts of hair protruding from
single or multiple small skin openings
(Hathcock and others 1979). Common
anatomical locations of dermoid sinuses
are the dorsal cervical, thoracic and coc-
cygeal areas, in other words, before and
after the dorsal ridge. 

Dermoid sinus occurrence has been
reported in American cocker spaniels (Bailey
and others 2001), boerboels (Penrith and
van Shouwenburg 1994), boxers (Selcer and
others 1984), chow-chows (Booth 1998),
English cocker spaniels (Pratt and others
2000), golden retrievers (Cornegliani and
others 2001), Rhodesian ridgebacks
(Hofmeyr 1963, Hathcock and others 1979,
Gammie 1986), Rhodesian ridgeback
crosses (Lambrechts 1996), shih tzus (Selcer
and others 1984), Siberian huskies
(Cornegliani and Ghibaudo 1999) and
Yorkshire terriers (Fatone and others 1995).l

Different types of dermoid sinus have
been described that are classified according
to how deeply they penetrate towards the
spine (Gammie 1986), in other words their
relationship to the supraspinous ligament
(Tshamala and Moens 2000), and whether
or not an opening in the skin exists. Four
types of sinus have been described (Mann
and Stratton 1966). Booth (1998) sug-
gested a fifth type of dermoid sinus in
Rhodesian ridgebacks, which was subse-
quently supported by Tshamala and Moens
(2000) (Fig 1). The five types of dermoid
sinus and the diagnostic features of each are
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listed in Table 1. The fifth type has no con-
nection to the skin and is therefore difficult
to detect via palpation of the skin. When
sinus type V is located close to the spine,
neurological deficiencies in the hindlimbs,
behavioural changes and incontinence have
been described (Booth 1998).

Mode of inheritance
Dermoid sinus in Rhodesian ridgebacks
has been suggested to be inherited either as
a simple autosomal recessive trait (Lord
and others 1957, Mann and Stratton
1966, Angarano and Swaim 1993, Scott
and others 1995), a dominant trait with
incomplete penetration (Hofmeyr 1963,
Unwin 1987) or a combination of two
recessive genes (Mann and Stratton 1966).
The first statistical trial to determine the
inheritance of dermoid sinus was per-
formed by Hare in 1932. In that study, all
data were retrieved from only two sires and
three dams. They produced 47 offspring.
One of the sires was dermoid sinus posi-
tive. The dermoid sinus negative sire gave
rise to a total of 41 offspring, and five were
identified as dermoid sinus positive. The
dermoid sinus affected sire gave rise to a
total of six offspring, and two were der-
moid sinus positive. Hare presented no
opinion on the statistical results.

In 1957, Lord and others reported the
mode of inheritance as being of a complex
nature and not simple recessive, based
upon the frequency with which dermoid
sinus appeared. Hofmeyr (1963) suggested
that dermoid sinus was of a dominant
nature with incomplete penetration, refer-
ring to the report written by Lord and oth-
ers (1957). No statistical evidence was
supplied by either Lord and others (1957)
or Hofmeyr (1963). 

The data by Hare (1932) were re-evalu-
ated by Mann and Stratton in 1966. They
concluded that the mode of inheritance
was of a simple recessive character. Stratton
collected data from breeders relating to 17
sires and 21 dams. One dam was dermoid
sinus positive. The matings resulted in 48
litters with a total of 376 offspring. When
an analysis was performed using only the
litters in which dermoid sinus had been
detected (20 litters), the expected number
of dermoid sinus positive offspring was 45.
The actual outcome was 42 dermoid sinus
positive offspring. This analysis supports
the hypothesis of a simple autosomal 
recessive trait (Swenson 1989). 

In order to better define the mode of
inheritance of dermoid sinus, the work
reported in the present study more exten-
sively evaluates the incidence of dermoid
sinus in the Swedish Rhodesian ridgeback
population.

MATERIALS AND METHODS

Swedish Rhodesian ridgeback breeders
have been reporting the occurrence of der-
moid sinus to the Swedish Rhodesian
Ridgeback Club since 1964. The register
from the club is official and available to the
public. The Swedish Rhodesian ridgeback
population comprises approximately 2500
animals (Swedish Kennel Club 2000 to
2002). The breeding population during
the period 1995 to 2001 was 305 animals
(171 dams and 134 sires). 

Data
Data were collected from the Swedish
Rhodesian Ridgeback Club and refer to a
total of 129 litters (1040 offspring) derived

from matings between 103 sires and 106
dams over an 11-year period (1990 to
2001). The litters included in the study
were those in which culling of offspring
was exclusively due to dermoid sinus. The
author performed the categorisation of the
material. None of the parent animals
included in this study were recorded as
dermoid sinus positive.

The data were analysed from two differ-
ent angles. One analysis was performed
based on the litters where dermoid sinus
positive offspring (nn) had been produced
and the other analysis was performed
based on the classified heterozygote parent
animals. Correction of litter data was per-
formed to avoid bias in the segregation
ratio, as some parent carriers produced lit-
ters where all offspring were dermoid sinus
negative (NN or Nn). The correction for-
mula used was q´= q/(1-ps), where q is the
expected frequency of nn (0·25), p is the
expected frequency of NN or Nn (1-0,
25), q´ is the corrected expected frequency
of nn and s is the litter size (Cavalli-Sforza
and Bodmer 1971). When applying the
correction formula to the litter data, it was
presumed that the parent animals were
phenotypically normal heterozygote carri-
ers. Standard chi-squared analysis was per-
formed to test the null hypothesis that data
did not deviate from the expected 3:1 
distribution of unaffected and affected 
animals.ll

RESULTS

Recordings of 72 litters showed no evi-
dence of dermoid sinus positive offspring (a
total of 548 individuals). Nine of 62 dams
and 22 of 58 sires had produced dermoid

I Extending as far as the
supraspinous ligament, and
presumably nuchal ligament in 
the cervical area, to which it is
attached. The nuchal ligament is 
an elastic apparatus that serves to
support the head without muscular
effort (Blood and Studdert 1999)

II Not extending as far as the
supraspinous ligament but
connected to it by a fibrous strand

III Not extending as far as, or
connected to, the supraspinous
ligament

IV Attached to the dura mater
V Dermoid sinus with no connection

to the skin surface (Booth 1998,
Tshamala and Moens 2000). No
definite location in a specific tissue

Dermoid Features
sinus 
type

Table 1. Diagnostic features of the
five types of dermoid sinus

Skin

Subcutaneous tissue

Muscle

Supraspinous ligament

Spine

FIG 1. Five types of dermoid sinus. The classification depends on how deeply into tissue the 
sinus extends and whether or not a skin opening exists. Dermoid sinus type V lacks a skin 
opening or a definite location in a specific tissue. The diagram shows a midline longitudinal 
section demonstrating the different types of dermoid sinus. The original image was adapted 
from Mann and Stratton (1966) and has been edited by the author

I II III IV V
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sinus positive offspring in previous mating
combinations. The nine dams and 22 sires
were classified as heterozygote Nn. The
remaining parent animals had no identified
dermoid sinus positive offspring in previ-
ous combinations and were classified as
homozygote NN or heterozygote Nn. 

In recordings from 57 litters, 46 litters
showed dermoid sinus positive offspring.

All parent animals (45 sires and 44 dams)
were classified as heterozygote Nn. The
observed numbers of dermoid sinus 
positive offspring were 82, whereas 410
individuals were defined as phenotypically
normal.

Chi-squared tests were performed on
data from the 46 litters (Table 2) in which
dermoid sinus positive offspring had been

identified. This showed that �2 (uncorrect.
expected)=43;57, P<0·05, and �2 (correct.
expected)=56;75, P<0·05.

Based on reported and unreported
cases, the frequency of dermoid sinus in
this Rhodesian ridgeback population was
assumed to range between 8 and 10 per
cent.

DISCUSSION

The Swedish Rhodesian ridgeback register
may be unique. The objective of the
Swedish Rhodesian Ridgeback Club is to
register all animals, as well as the health
status of produced litters. The vast amount
of information in the register allows not
only classifications of parent animals
(according to the hypothesis), but also
enables analysis of the outcome of pro-
duced litters. It must be emphasised that
the data concerning dermoid sinus appear-
ance were reported by breeders to the
Swedish Rhodesian Ridgeback Club and
therefore the results entirely rely upon the
accuracy of the breeders’ information.
Some individuals that are born with incor-
rect ridges, or ridgeless, are culled and nor-
mally not examined for dermoid sinus.
Stillborn individuals are normally not
examined either. As a consequence, a vital
piece of information concerning dermoid
sinus frequency is lost.

There is no information in earlier
reports (Hare 1932, Mann and Stratton
1966) on whether individuals culled for
reasons other than dermoid sinus have
been excluded from statistical trials. To
avoid bias caused by these problems, the
litters included in the present study were
those where dermoid sinus was the single
reported reason for culling.

It is presumed that the information of
litter status given by breeders to the
Swedish Rhodesian Ridgeback Club was
noted consecutively. From the total
amount of litters included, 83 (64 per
cent) of the litters showed no identified
dermoid sinus positive offspring, accord-
ing to breeders. The observed number of

73 Y59 X63 7 1 6 2 5·78 2·22
74 Y60 X64 8 2 7·5 2·5 7·35 2·65
75 Y60 X64 10 0 – – – –
76 Y61 X65 10 0 – – – –
77 Y62 X66 4 4 6 2 5·78 2·22
78 Y63 X67 7 5 9 3 8·90 3·10
79 Y63 X67 8 0 – – – –
80 Y64 X68 7 1 6 2 5·78 2·22
81 Y65 X69 7 3 7·5 2·5 7·35 2·65
82 Y66 X70 9 2 8·25 2·75 8·13 2·87
83 Y67 X71 9 1 7·5 2·5 7·35 2·65
84 Y68 X9 2 0 – – – –
85 Y68 X9 4 2 4·5 1·5 4·18 1·82
86 Y69 X71 9 0 – – – –
87 Y70 X72 10 1 8·25 2·75 8·13 2·87
88 Y71 X73 10 1 8·25 2·75 8·13 2·87
89 Y72 X74 5 1 4·5 1·5 4·18 1·82
90 Y72 X75 2 2 3 1 2·54 1·46
91 Y73 X70 9 0 – – – –
92 Y74 X73 7 1 6 2 5·78 2·22
93 Y75 X74 10 1 8·25 2·75 8·13 2·87
94 Y76 X75 11 1 9 3 8·90 3·10
95 Y77 X76 9 1 7·5 2·5 7·35 2·65
96 Y77 X76 11 2 9·75 3·25 9·67 3·33
97 Y78 X77 7 1 6 2 5·78 2·22
98 Y79 X20 2 2 3 1 2·54 1·46
99 Y80 X49 10 0 – – – –
100 Y80 X78 10 0 – – – –
101 Y81 X79 3 1 3 1 2·54 1·46
102 Y82 X80 6 5 8·25 2·75 8·13 2·87
103 Y83 X81 6 1 5·25 1·75 4·98 2·02
104 Y84 X78 10 2 9 3 8·90 3·10
105 Y85 X51 6 2 6 2 5·78 2·22
106 Y86 X79 7 1 6 2 5·78 2·22
107 Y87 X80 7 2 6·75 2·25 6·57 2·43
108 Y88 X81 6 1 5·25 1·75 4·98 2·02
109 Y89 X65 5 2 5·25 1·75 4·98 2·02
110 Y89 X82 3 5 6 2 5·78 2·22
111 Y90 X83 7 1 6 2 5·78 2·22
112 Y90 X84 12 1 9·75 3·25 9·67 3·33
113 Y90 X85 9 1 7·5 2·5 7·35 2·65
114 Y90 X86 6 2 6 2 5·78 2·22
115 Y91 X80 9 2 8·25 2·75 8·13 2·87
116 Y92 X73 11 0 – – – –
117 Y93 X87 6 2 6 2 5·78 2·22
118 Y94 X77 5 0 – – – –
119 Y95 X88 8 0 – – – –
120 Y95 X58 2 1 2·25 0·75 1·70 1·30
121 Y96 X89 8 2 7·5 2·5 7·35 2·65
122 Y97 X49 8 2 7·5 2·5 7·35 2·65
123 Y98 X90 8 1 6·75 2·25 6·57 2·43
124 Y99 X91 1 1 1·5 0·5 0·86 1·14
125 Y100 X92 6 3 6·75 2·25 6·57 2·43
126 Y101 X93 6 1 5·25 1·75 4·98 2·02
127 Y102 X75 9 2 8·25 2·75 8·13 2·87
128 Y103 X94 8 2 7·5 2·5 7·35 2·65
129 Y103 X95 8 1 6·75 2·25 6·57 2·43
Sum 45 44 410 82 300 100 290·0 110·0

Normal An individual that has not been reported as dermoid sinus positive
Defect An individual that has been reported as dermoid sinus positive

Litter Sire Dam Number observed Expected
number Uncorrected Corrected

Normal Defect Normal Defect Normal Defect 

Table 2. Corrected data for 46 litters (from a total of 57 litters produced by
classified heterozygote parent animals) in which dermoid sinus positive
offspring were identified. Correction of the data was performed to avoid bias 
in the segregation ratio. The data covers litters produced during 1990 to 2001
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dermoid sinus positive offspring produced
during 1990 to 2001 was 82. Subse-
quently, an analysis was performed only on
those litters where dermoid sinus positive
offspring had been detected (82 individu-
als).

Results from the chi-squared tests per-
formed on the litter data did not support
the hypothesis of a simple autosomal reces-
sive mode of inheritance. In other words,
there were significant deviations between
observed and expected numbers of der-
moid sinus positive offspring. Available
data instead suggested a more complex
dihybrid mode of inheritance. Unfortu-
nately, the currently available material 
cannot formally prove such a mode of
inheritance. There are two possible expla-
nations for the deviations between the
observed and corrected expected numbers
of dermoid sinus positive offspring (Table
2). Some individuals are not identified as
dermoid sinus positive until they have
become older and secondary infection has
occurred. These individuals are normally
not included in the Swedish Rhodesian
ridgeback register, since there are no fre-
quent updates concerning the health status
of produced litters. Thus, animals that are
diagnosed as dermoid sinus positive later
in life will influence dermoid sinus fre-
quency. This is an explanation supported
by the breeding committee of the Swedish
Rhodesian Ridgeback Club.ll

A rather controversial explanation
could be that the existence of sinus type V
has remained undetected. Homozygote
recessive individuals may not be identified
as dermoid sinus affected. As a conse-
quence, individuals affected by type V der-
moid sinus could incorrectly be included
in the data where parent animals are pre-
sumed to be homozygote NN or heterozy-
gote Nn (litters with no apparent dermoid
sinus positive individuals) instead of the
data in Table 2 (litters with observed der-
moid sinus positive individuals). Based on
the current study, and considering the
probable explanations for the deviations
between observed and expected numbers

of dermoid sinus positive offspring, the
hypothesis of a recessive mode of inheri-
tance cannot be formally excluded. In
addition, differential penetrance of the 
disease appears to be consistent with the
clinical phenotype of multiple types of 
dermoid sinus observed (Fig 1). Thus, a
reasonable hypothesis is that a major dis-
ease gene, the activity of which is influ-
enced by modifying genes, may play a role
during the developmental stages of der-
moid sinus. It is important that Rhodesian
Ridgeback breeders are informed of the
existence of the fifth sinus type (with no
skin opening) in an effort to develop diag-
nostic procedures to detect this type of 
dermoid sinus.

The definition of a dermoid sinus is
based on histological findings throughout
this paper, and type V dermoid sinus may
have escaped detection (as discussed
above). If some of the animals classified 
as dermoid sinus negative were used for
breeding, but were actually positive for the
undetected dermoid sinus type V, attempts
to identify mode of inheritance via pedi-
grees would not be completely reliable.
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INTRODUCTION

Infection with Angiostrongylus vasorum is
of increasing importance to small animal
practitioners. The distribution of cases in
the UK may extend as far north as south-
ern Scotland (N. Carmichael, personal
observations). Consumptive and immune-
mediated haemorrhagic diatheses have
been reported (Schelling and others 1986,
Ramsey and others 1996, Gould and
McInnes 1999, Cury and others 2002b).
Initial work characterising the immune
response to this parasite in experimental
infection has also been published (Cury
and others 2002a). This report describes
diagnosis and successful management 
of a previously unreported coagulopathy 
associated with canine angiostrongylosis.iii

CASE HISTORY

A 14-month-old, female golden retriever
was referred with a four-day history of con-
junctival haemorrhage, suspected seizure
activity and paroxysmal episodes of poorly
localised pain manifested by vocalisation
and rigidity of the limbs. The animal’s
physical status deteriorated rapidly on the
day of referral. On physical examination,
the dog was non-ambulatory and very
weak. A menace response was absent on

the right side. Slow, horizontal nystagmus
was present with the fast phase towards the
left. The white of the sclera was obliterated
in both eyes by conjunctival haemorrhage
(Fig 1a). Respiratory rate was 80
breaths/minute. Based on a normal platelet
count, one-stage prothrombin time
(OSPT) and activated partial thrombo-
plastin time (APTT) taken on the day
prior to referral, a defect in primary
haemostasis was suspected. A buccal
mucosal bleeding time (BMBT) was
obtained and bleeding persisted at 30
minutes after the initial incision. Ten min-
utes after administration of desmopressin
(DDAVP, 4 µg/kg diluted in 20 ml saline
and administered intravenously over 10
minutes), BMBT was three minutes, 
suggesting von Willebrand factor (VWF)
deficiency as the cause of the coagulopathy.
VWF levels prior to desmopressin admin-
istration were subsequently shown to be 
22 per cent of a control pool.

Results of haematology and coagulation
parameters before and after referral are
summarised in Table 1. A serum biochem-
istry profile was normal. Due to suspicion
of ongoing intracranial haemorrhage, one
unit of fresh whole blood was administered
as a supplementary source of VWF. Tho-
racic radiographs showed a mild, diffuse
interstitial pattern. One day after admis-
sion, a menace response was present in the
animal’s right eye. Thoracic radiography
was repeated the following day due to per-
sistent tachypnoea and panting. A marked
interstitial pattern with a bronchial com-
ponent in the caudal lung fields and gener-
alised cardiomegaly were present (Fig 2).
Tracheal lavage yielded haemorrhagic fluid
containing frequent clumps of meta-
strongyle larvae consistent in appearance
with A vasorum (Fig 3). A Baermann test
was also subsequently found to be positive
for A vasorum larvae. Drug therapy was
commenced as follows: 50 mg/kg fenben-
dazole (Panacur; Hoechst) administered
orally every 24 hours for 21 days to treat
angiostrongylosis; 250 mg amoxycillin-
clavulanate (Synulox; Pfizer) every 12
hours for seven days as a prophylaxis
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against opportunistic pneumonia; and 0·1
mg/kg dexamethasone administered sub-
cutaneously every 24 hours for three days,
for pneumonitis and prophylaxis against

anaphylaxis caused by the death and
embolisation of mature and immature
stages of A vasorum.

Urinalysis performed four days after

admission showed no evidence of protein-
uria, which might have suggested concur-
rent glomerulonephritis. Eight days after
admission, respiratory signs were much
improved, although a moderate bron-
chointerstitial pattern remained. A mag-
netic resonance imaging (MRI) scan of the
brain showed an expansile, space-occupy-
ing lesion (1·8 cm in diameter) of mixed

FIG 1. (A) Conjunctival haemorrhage obscures the sclera at the time of referral. (B) Conjunctival haemorrhage near resolution 14 days later 

Haematocrit (litre/litre) 39·4 40 37-55
Haemoglobin (g/litre) 13 12-18
MCHC (%) 33 30-36·9
WBC (�109/litre) 9·3 14·7 6-16·9
Neutrophils (�109/litre) 6·8 12·35 2·8-10·5
Eosinophils (�109/litre) 0·6 0·5-1·5
Lymphocytes/monocytes (�109/litre) 1·9 1·1-6·3
Platelets (�109/litre) 164 157 319 155-450
OSPT (seconds) 11 15·2 8 6-11
APTT (seconds) 18·3 18·9 13·1 10-20
Fibrinogen (g/litre) <0·5 1·0 1·5 1-4
FDP Positive Negative Negative 0
BMBT (minutes) >30 3 2 2 <4
VWF antigen (% of control pool) 22 61 66 92 70-180

DDAVP Desmopressin, MCHC Mean cell haemoglobin concentration, WBC Total white blood cell count, OSPT One-stage prothrombin time, APTT Activated partial thromboplastin time, 
FDP Fibrin degradation products, BMBT Buccal mucosal bleeding time, VWF von Willebrand factor

Days after referral
–2 0 0 2 10 28 655 Normal 

(pre-DDAVP) (post-DDAVP) values

Table 1. Haematology and coagulation parameters

FIG 2. Right lateral radiograph of the thorax showing caudal (dorsal and
ventral) bronchointerstitial pattern and generalised cardiomegaly

FIG 3. Haemorrhagic tracheal lavage fluid showing the tail of a nematode
larva bearing a prominent dorsal notch (arrow), which helped to identify it
as Angiostrongylus vasorum. Papanicolaou stain. �1280

BA

Cerebral and conjunctival haemo  21/1/05  11:59  Page 76



JOURNAL OF SMALL ANIMAL PRACTICE • VOL 46 • FEBRUARY 2005 77

signal intensity on the left, in the region of
the hippocampus. An ill-structured area of
high signal intensity on a T2-weighted
image (Fig 4a) and low signal intensity on
a T1-weighted image (Fig 4b) surrounded
the lesion, suggesting a small degree of
brain oedema. There was no contrast
enhancement after the intravenous injec-
tion of the paramagnetic contrast agent
gadoteridol (Prohance; Merck) at a dose of
0·1 mmol/kg. The following day BMBT
remained normal, conjunctival haemor-
rhage was nearly resolved (Fig 1b) and the
dog was discharged. Two weeks later the
dog was clinically normal and the VWF
level was 66 per cent. On follow-up at days
14 and 655 after initial referral, the dog
was clinically normal. On day 655, the
VWF level was 92 per cent and other 
coagulation parameters were also normal.a

DISCUSSION

The appearance on MRI scans of a well-
circumscribed focal lesion of mixed signal
intensity was consistent with an organising
haematoma containing varying amounts
of paramagnetic material (methaemoglo-
bin). Granulomatous inflammation may
also have contributed to this picture. The
sudden deterioration in clinical signs and
the transient neurological deficits eight
days previously suggested formation or
rapid expansion of the space-occupying
lesion at this time, consistent with
intracranial haemorrhage due to coagu-
lopathy or aberrant parasite migration.
Perry and others (1991) reported granulo-
matous inflammation, gliosis and haemor-

rhage centred around capillaries contain-
ing larvae throughout the brain in a case of
angiostrongylosis with disseminated larval
infection causing signs of ocular and ner-
vous disease, but coagulation results were
not reported. 

Haemorrhage at sites distant from the
abdominal and thoracic viscera that consti-
tute normal parts of the Angiostrongylus
life cycle is well recognised. However, it is
not clear whether aberrant parasite migra-
tion plays a role in some or all of these
cases. A recent report documents sublin-
gual haemorrhage (Ribiere and others
2001) and reports from an area of high
prevalence suggest that conjunctival and
sublingual haemorrhage are common 
(S. Manning, personal communication). A
propensity for haemorrhage to occur in
these locations might indicate aberrant lar-
val migration, with the sites of haemor-
rhage representing predilection sites for
aberrant migration and, hence, local vessel
trauma. It is not known whether aberrant
parasite migration is associated with 
more severe coagulopathies than ‘conven-
tional’ angiostrongylosis. 

First-stage (L1) Angiostrongylus larvae
are microscopic and would not have been
visible on the MRI images in this report.
Adult worms measure 14 to 16 mm (Bolt
and others 1994) and have been found in
the anterior chamber of dogs with
angiostrongylosis (King and others 1994),
but not the subconjunctival tissue.
Although in theory any adult worms pre-
sent in the eyes or brain of the animal
reported here might have been visible on
MRI, the chances of a section of the worm
sufficiently long to be discernible being

parallel to the plane of the image were
slim. Pathogenesis and previous reports of
aberrant larval migration and embolisation
are discussed by Bolt and others (1994).iii

The role of chronic disseminated
intravascular coagulation (DIC) in canine
angiostrongylosis has been demonstrated
in a clinical case and reviewed (Ramsey
and others 1996). This is further sup-
ported by findings in experimentally
infected dogs (Prestwood and others 1981,
Schelling and others 1986, Cury and 
others 2002b). Immune-mediated throm-
bocytopenia in angiostrongylosis is also
documented (Gould and McInnes 1999).
However, previously reported cases have
not recorded abnormal primary haemosta-
sis (BMBT) or VWF levels. It is possible
that some degree of DIC was present in the
case described here, supported by the pres-
ence of fibrin degradation products and
low fibrinogen documented on one occa-
sion pre-referral and the mild prolongation
of OSPT recorded from a sample drawn
after desmopressin administration. It is
notable that the dog was not thrombocyto-
penic, as thrombocytopenia is frequently a
component of DIC. However, a defect in
primary haemostasis was considered likely
due to occurrence of haemorrhage in the
presence of a normal platelet count, OSPT
and APTT documented prior to referral.

Correction of the BMBT to normal after
administration of desmopressin was strongly
suggestive of a lack of functional VWF
(Kraus and others 1989). This was sub-
sequently confirmed when very low VWF 
levels were reported (22 per cent). One
month after treatment, VWF levels were
66 per cent. In screening healthy animals

FIG 4. (A) T2-weighted transverse section magnetic resonance image of the brain showing the left-sided 1·8 cm space-occupying lesion of mixed signal
intensity. (B) T1-weighted transverse section showing the same lesion. The periphery of the lesion is of low signal intensity on the T1-weighted image.
This may represent the presence of intracellular methaemoglobin in an organising haematoma. This is surrounded by an ill-defined area of high signal
intensity on the T2-weighted image, which is of low signal intensity on the T1-weighted image, suggesting brain oedema

A B
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for breeding purposes, levels from 50 to 69
per cent of a standard control are con-
sidered borderline (either normal or a 
heterozygous carrier of a gene for von
Willebrand disease) and levels of 70 to 180
per cent are considered normal. Documen-
tation of VWF levels of 92 per cent on fol-
low-up two years after initial presentation
strongly suggested that the previous low
levels resulted from an acquired disorder
rather than genetic influences.

Consumptive coagulopathy triggered by
extensive endarteritis and possibly aberrant
larval migration may have been the cause 
of the low VWF levels. Why this factor
should have been depleted so markedly in
this case when only minor derangements in
other clotting parameters occurred is not
apparent. Although DIC is often described
as a consumptive coagulopathy, VWF lev-
els are rarely evaluated when DIC is sus-
pected and information on VWF levels in
DIC in veterinary patients is lacking. How-
ever, a study on 346 human patients with
DIC found that VWF was elevated in 80
per cent of patients evaluated (Spero and
others 1980) and current medical texts
report VWF levels to be variable in DIC,
but most often normal or increased, due to
release from endothelial storage sites
(Provan and others 1998, Grosset and
Rodgers 1999). 

Therefore, the authors suggest that the
case in the present report resembles the
human condition of acquired von Wille-
brand syndrome. This is a rare bleeding dis-
order with laboratory findings similar to
those of congenital von Willebrand disease.
Cases are associated with lymphoprolifera-
tive, myeloproliferative, neoplastic, im-
munological, cardiovascular and other
miscellaneous disorders. Proposed mecha-
nisms for accelerated removal of VWF
from the plasma include: specific antibod-
ies to factor VIII/VWF; non-specific anti-
bodies forming complexes with VWF,
cleared by Fc-receptor bearing cells;
absorption of VWF onto malignant cells;
increased proteolytic degradation of VWF;
and loss of large VWF multimers in high

sheer stress conditions. None of the pro-
posed mechanisms are specific for the 
different underlying disorders (Federici and
others 2000). Although speculative, since
canine angiostrongylosis has been associ-
ated with immune-mediated thrombo-
cytopenia (Gould and McInnes 1999),
other immune derangements, including
antibody formation to VWF, might occur. 
Furthermore, a heavy burden of Angio-
strongylus might be expected to cause high
sheer stress conditions, as occurs with the
other important canine intravascular para-
site, Dirofilaria immitis.a

Although the radiographic findings and
coagulopathy documented in this case
were strongly suggestive of A vasorum,
definitive identification was provided by
measurement of size (>320 to 340 µm,
n=3) and the shape of the tail which fea-
tured a prominent dorsal notch (Fig 3),
consistent with the comprehensive
description by Guilhon and Cens (1973),
and distinguishing the nematode from 
Filaroides species and other lungworms 
of dogs (Pinckney 2000). 

The increasing prevalence of this para-
site, the potential for shedding large num-
bers of larvae by asymptomatic dogs,
carriage by foxes and difficulties in prevent-
ing ongoing access of dogs to mollusc inter-
mediate hosts have implications for parasite
control and prophylaxis. Detection of
occult infections will only improve with
more routine use of the Baermann 
technique for detecting larvae in faeces. A
reduction in both prevalence of infection
and morbidity in dogs would be expected
with more routine inclusion of an agent
active against Angiostrongylus (such as 
fenbendazole) in roundworm prophylaxis
regimens.a
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INTRODUCTION

Hypercalcaemia occurs relatively uncom-
monly in dogs (Chew and Meuten 1982)
and is associated with a spectrum of 
non-specific clinical signs such as poly-
uria/polydipsia, anorexia and weight loss
(Chew and Carothers 1989). Since hyper-
calcaemia can lead to severe renal, 
gastrointestinal, cardiovascular and neuro-
logical dysfunction (Kruger and others
1996), its identification should prompt
assessment of the patient for an underlying
cause. If the aetiology of the hyper-
calcaemia is not immediately evident, then
symptomatic therapy can be initiated until
a diagnosis is reached and specific therapy
started. 

Commonly reported causes of hyper-
calcaemia in dogs include hypercalcaemia
of malignancy (frequently associated 
with lymphoma and anal sac apocrine
gland adenocarcinoma), hypoadrenocorti-
cism, renal failure, primary hyperpara-

thyroidism, hypervitaminosis D, non-
malignant skeletal lesions and non-patho-
logical causes, such as young growing 
animals, laboratory errors and lipaemia
(Martin 1998).

Hypercalcaemia has also been reported
in association with granulomatous disease
in dogs (Dow and others 1986, Troy and
others 1986, Arceneaux and others 1998,
Barrett and others 1998, Rohrer and 
others 2000, Fradkin and others 2001)
and cats (Hodges and others 1994, Mealey
and others 1999). This association is well
recognised in human medicine where the
abnormalities of calcium metabolism are
due to dysregulation of 1,25-dihydroxy-
cholecalciferol (calcitriol) production by
activated macrophages (Hewison and 
others 2000, Sharma 2000).

Angiostrongylus vasorum is a meta-
strongylid nematode that infects domestic
dogs and related canids. The nematode has
an indirect life cycle using gastropods
(slugs and snails) as an intermediate host.
The adult worms reside in the right heart
and pulmonary vasculature, with the
adults laying eggs in terminal pulmonary
arterioles. The eggs hatch and the first-
stage larvae, which migrate through alveo-
lar walls, are then coughed up, swallowed
and subsequently excreted in the faeces
(Rosen and others 1970). 

Clinical signs commonly reported
include cough, dyspnoea, collapse and
bleeding diatheses (Martin and others
1993, Patteson and others 1993, Bolt and
others 1994). Histopathologically, infec-
tion with A vasorum is characterised by 
the development of multifocal coalescing
granulomas in the periphery of the lungs
accompanied by haemorrhage, arterial
thromboses and periarteritis (Prestwood
and others 1981).

This report describes three dogs with
confirmed angiostrongylosis, hypercal-
caemia identified on an initial serum 
biochemical panel and clinical signs con-
sistent with hypercalcaemia. No other
cause for the hypercalcaemia was identified
and in all cases it resolved following treat-
ment of the parasite.
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Hypercalcaemia was identified in three dogs that presented

primarily for evaluation of respiratory disease. Angiostrongylosis

was diagnosed in all three cases and both the respiratory signs 

and the hypercalcaemia resolved with treatment. Infection with

Angiostrongylus vasorum is known to lead to formation of 

pulmonary granulomata. Granulomatous disease in humans may 

lead to hypercalcaemia secondary to increased unregulated

production of 1,25-dihydroxycholecalciferol by activated

macrophages in the granulomata. In one of the three dogs, 

1,25-dihydroxycholecalciferol was measured and found to be

increased, providing supportive evidence for a similar mechanism 

in dogs. To the authors’ knowledge, hypercalcaemia has not

previously been reported in association with angiostrongylosis 

in dogs. Since prolonged untreated hypercalcaemia may lead 

to permanent impairment of renal function, dogs with

angiostrongylosis should be evaluated for the presence of

hypercalcaemia.
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CASE HISTORIES

Case 1
An eight-year-old, neutered female golden
retriever was presented to the Queen
Mother Hospital, Royal Veterinary Col-
lege, for evaluation of dyspnoea, cough,
inappetence and weight loss of two
months’ duration. Physical examination
revealed an elevated respiratory rate (40
breaths/ minute) and increased respiratory
effort. On thoracic auscultation, crackles
were audible bilaterally especially over the
dorsocaudal lung fields. The rest of the 
physical examination was unremarkable.
Routine haematology (Table 1), serum
biochemistry, and electrolyte and venous
blood gas analysis (Table 2) were per-
formed. Free catch urinalysis was un-
remarkable. Prothrombin time (PT) and
activated partial thromboplastin time
(APTT) were mildly prolonged compared
with control samples (PT 11·9 seconds,
control 10·5 seconds; APTT 22·9 seconds,
control 20·2 seconds).

Thoracic radiography revealed a mixed
interstitial/alveolar pattern with mainly
peripheral distribution. Bronchoscopy
revealed increased mucus in the airways
and cytological examination of bron-
choalveolar lavage (BAL) samples showed
low numbers of A vasorum larvae accom-
panied by suppurative inflammation. Bac-
terial culture of the BAL was negative.
Baermann examination of a faecal sample
confirmed the presence of A vasorum
larvae. Treatment with fenbendazole
(Panacur; Hoechst) was initiated at a dose
of 50 mg/kg once daily. Saline diuresis was

started with 4 ml/kg 0·9 per cent sodium
chloride per hour intravenously to treat the
hypercalcaemia.

Diagnostic tests were pursued to iden-
tify a cause for the hypercalcaemia. Ultra-
sound examinations of the abdomen and
parathyroid gland region were unremark-
able. An adrenocorticotrophic hormone
stimulation test was not consistent with
hypoadrenocorticism. Bone marrow cytol-
ogy showed mild megakaryocytic hyper-
plasia but no evidence of neoplasia.
Parathyroid hormone (PTH) and PTH
related peptide (PTHrP) concentrations
were within normal references ranges
(Table 3). Hypervitaminosis D was consid-
ered an unlikely cause of the hypercal-
caemia since there was no history of toxin
ingestion and serum phosphorus concen-
tration was within reference ranges. Follow-
ing 24 hours of saline diuresis, the ionised
calcium concentration was still elevated
(1·65 mmol/litre) and 1 mg/kg frusemide
(Dimazon; Intervet) intravenously three
times a day was added to the treatment 
regimen for its calciuretic effect.

By day 4, the dog was more dyspnoeic
and nasal oxygen therapy was introduced.

It was considered that the dyspnoea might
have worsened with parasite death, which
could have incited an inflammatory
response. The ionised calcium was still
increased at 1·65 mmol/litre. Dexametha-
sone (Dexadreson; Intervet) therapy was
initiated at a dose of 0·1 mg/kg intra-
venously once daily to treat both the
hypercalcaemia and airway inflammation. 

By day 7, the ionised calcium 
was within the reference interval (1·44
mmol/litre); however, the dog was still dys-
pnoeic. Repeat thoracic radiographs were
essentially unchanged. A repeat endotra-
cheal wash was performed which revealed
continued verminous inflammation. As
the accompanying inflammatory cell 
population now consisted of degenerate
neutrophils, a secondary bacterial pneu-
monia was suspected. Intravenous amoxy-
cillin/clavulanate (Augmentin; Glaxo
Smithkline) was initiated at a dose of 20
mg/kg three times daily. On day 9, culture
results confirmed bacterial pneumonia
with growth of a Pasteurella species which
was sensitive to amoxycillin/clavulanate.aa 

On days 10 to 13, the dog started to
show a significant improvement in

Haematocrit (%) 46·1 (37-55) 42·3 (37-55) 44·9 (35-55)
Neutrophils (�109/litre) 6·66 (3-11·5) 14·48 (3-11·5) 9·42 (2·5-9)
Eosinophils (�109/litre) 2·78 (0-1·3) 1·88 (0-1·3) 1·67 (0·1-1·0)
Lymphocytes (�109/litre) 1·33 (1-4·8) 0·75 (1-4·8) 3·19 (1·5-4)
Monocytes (�109/litre) 1·33 (0·15-1·5) 1·69 (0·15-1·5) 0·61 (0·1-0·8)
Basophils (�109/litre) 0 (0) 0 (0) 0·15 (rare)
Platelets (�109/litre) 96·7 (150-900) 98 (150-900) 129 (200-400)

Reference ranges varied depending on the laboratory used

Case 1 Case 2 Case 3

Table 1. Haematological results (reference ranges) at
initial evaluation. Abnormal results are shown in bold

Albumin (g/litre) 33·8 (25-39) 30·6 (25-39) 35·3 (36-44)
Globulin (g/litre) 40·8 (27-44) 48·1 (27-44) 70·5 (20-35)
Total calcium 3·09 (2·2-2·85) 3·35 (2·2-2·85) 3·60 (2·15-2·5)
(mmol/litre)

Ionised calcium 1·67 (1-1·5) 1·73 (1-1·5) Not done
(mmol/litre)

pH 7·42 (7·35-7·45) 7·41 (7·35-7·45) Not done
Urea (mmol/litre) 12·9 (3-10) 3·4 (3-10) 5·9 (2-7)
Creatinine 126 (50-140) 106 (50-140) 68 (70-110)
(µmol/litre)

Phosphorus 1·59 (1-2·52) 1·93 (1-2·52) 1·53 (0·75-1·25)
(mmol/litre)

Alanine 31 (22-220) 31 (22-220) 23 (20-60)
aminotransferase
(U/litre)

Alkaline phosphatase 132 (30-250) 103 (30-250) 46 (<110)
(U/litre)

Sodium (mmol/litre) 147 (145-155) 153 (145-155) Not done
Potassium 3·7 (3·5-5·5) 4·3 (3·5-5·5) Not done
(mmol/litre)

Reference ranges varied depending on the laboratory used

Case 1 Case 2 Case 3

Table 2. Biochemical and venous blood gas results
(reference ranges) at initial evaluation. Abnormal 
results are shown in bold

Hypercalcaemia associated with  21/1/05  11:55  Page 80



JOURNAL OF SMALL ANIMAL PRACTICE • VOL 46 • FEBRUARY 2005 81

demeanour and respiratory character.
Ionised calcium was normal throughout
this time. Nasal oxygen, intravenous fluid
and intravenous drug therapies were 
discontinued on day 12. Oral amoxy-
cillin/clavulanate (Synulox; Pfizer) at a
dose of 20 mg/kg twice daily and 0·5
mg/kg oral prednisolone (Prednidale;
Arnolds) once daily were instigated and
oral fenbendazole was continued. Thoracic
radiographs on day 13 showed marked
reduction in the severity of the pulmonary
pattern and repeat faecal examination was
negative for A vasorum. The dog was dis-
charged on day 15 with a further seven day
course of fenbendazole and oral amoxy-
cillin/clavulanate. Prednisolone dosage was
reduced to 0·5 mg/kg every other day. 

The dog was re-examined on day 28
when the owner reported that it had been
well at home. Physical examination
revealed a mildly increased respiratory rate
with normal respiratory effort. Haematol-
ogy and serum biochemistry were unre-
markable with normal total and ionised
calcium concentrations (2·49 mmol/litre
and 1·32 mmol/litre, respectively). Tho-
racic radiographs showed resolution of the
alveolar pattern. A mild peribronchial/
interstitial pattern was present in the
periphery of the lung field. Baermann 
faecal examination was negative for A 
vasorum larvae. All medications were 
discontinued.

During a further examination on day
61, the owner reported that the dog was
still acting normal at home. Physical exam-
ination was unremarkable and the dog had

gained weight. Baermann faecal examina-
tion was negative and ionised calcium was
normal at 1·3 mmol/litre. Telephone con-
versation with the owner 18 months after
discharge revealed the dog to be normal
with no further problems.

Case 2
An 11-month-old, entire male bulldog was
presented to the Queen Mother Hospital,
Royal Veterinary College, for evaluation of
cough, dyspnoea, inappetence and weight
loss of one month’s duration and marked
polyuria/polydipsia of one week’s duration.
On presentation, the animal was receiving
12·5 mg/kg oral amoxycillin/clavulanate
twice daily. On physical examination, the
dog was underweight and markedly dysp-
noeic with increased respiratory effort and
a respiratory rate of 68 breaths/minute.
Auscultation of the lungs revealed crackles
on deep inspiration and referred upper res-
piratory tract noise. No other abnormali-
ties were found. 

Routine haematology (Table 1), serum
biochemistry, and electrolyte and venous
blood gas analysis (Table 2) were per-
formed. PT and APTT, measured by an 
in-house bench-top analyser (SCA 2000;
Synbiotics), were within normal limits.

Thoracic radiography revealed a
marked alveolar pattern with air broncho-
grams principally in the periphery of the
lung fields. Centrally, the lung fields
demonstrated an interstitial pattern. 
Bronchoscopy revealed bloody mucus in
all airways. Cytological examination of
BAL samples revealed numerous A 

vasorum larvae and a mixed population 
of inflammatory cells (73 per cent neu-
trophils, 4 per cent lymphocytes, 22 
per cent macrophages and 1 per cent
eosinophils). Bacterial culture was nega-
tive. A faecal sample could not be obtained
at this time. Abdominal ultrasound was
unremarkable. Samples for measurement
of PTH, PTHrP and vitamin D metabo-
lites were submitted (Table 3).

Treatment was initiated with 5 ml/kg
0·9 per cent sodium chloride solution per
hour intravenously, 50 mg/kg fenbend-
azole once daily, 0·1 mg/kg dexamethasone
intravenously once daily and 10 mg/kg
enrofloxacin (Baytril; Bayer) intravenously
once daily to treat possible concurrent bac-
terial pneumonia. The dog made a slow
but steady improvement in his demeanour,
appetite and respiratory character. Ionised
calcium levels were monitored daily and
gradually returned to within the reference
interval (1·46 mmol/litre on day 4). Intra-
venous fluid and drug therapies were dis-
continued on day 8. Oral prednisolone
therapy at a dose of 0·25 mg/kg twice daily
was initiated and fenbendazole was con-
tinued. The dog was discharged on day 10.
A faecal sample taken at this time was 
negative for A vasorum larvae.

The dog was re-examined on day 16.
The owners reported the dog to be well,
with a good appetite and no polydipsia.
Although still underweight, there was
some weight gain. Respiratory rate and
effort were normal and thoracic ausculta-
tion revealed referred upper respiratory
tract noises typical of the breed. Baermann
faecal analysis was negative. Ionised cal-
cium was within the reference interval at
1·42 mmol/litre. Fenbendazole was dis-
continued and the owners were instructed
to reduce prednisolone to 0·25 mg/kg once
daily for seven days, then to 0·25 mg/kg
every other day for four doses.

During re-examination on day 40, the
dog was reported to be well at home. Phys-
ical examination revealed some weight
gain and upper airway abnormalities typi-
cal of the breed. Thoracic radiographs
revealed a marked improvement in the

PTH (pg/ml) <5·0 9·3 10-60
PTHrP (pg/ml) 0·4 0·3 <0·5
25-hydroxycholecalciferol Not done 10·9 19·3-43·6*
(ng/ml)
1,25-dihydroxycholecalciferol Not done 54 16-38*
(pg/ml)

*Reference range generated from 11 normal dogs (Mellanby and others 2003)

Case 1 Case 2 Reference
ranges

Table 3. Ionised calcium, parathyroid hormone (PTH),
parathyroid hormone-related peptide (PTHrP) and vitamin
D metabolite levels. Abnormal results are shown in bold
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appearance of the lung fields with only a
mild residual bronchointerstitial pattern 
in the caudodorsal lung fields. Baermann
faecal examination was negative and the
ionised calcium concentration was 1·4
mmol/litre. Telephone follow-up with the
owners on day 60 revealed that the dog was
clinically normal.

Case 3
A 10-month-old, entire male Staffordshire
bull terrier was presented to the Veterinary
Hospital of the University of Bristol for
evaluation of a two-month history of
cough and recurrent episodes of depres-
sion. Empirical antibiotic and cortico-
steroid therapy was initiated by the
referring veterinary surgeon resulting in
some clinical response. The dog then
scratched his cornea and corticosteroid
therapy was discontinued. At this point 
the dog deteriorated with progressive 
dyspnoea, weight loss and inappetence.

Physical examination revealed a
depressed and underweight dog. Respira-
tory rate (74 breaths/minute) and effort
were markedly increased, and thoracic aus-
cultation revealed increased respiratory
sounds over all lung fields. Ophthalmic
examination revealed congested conjunc-
tival vessels suggestive of hyperviscosity
while fundic examination revealed granu-
lomatous lesions and chorioretinitis. The
corneal scratch healed well. No other
abnormalities were found.

Routine haematology (Table 1) and
serum biochemistry (Table 2) were per-
formed. Serum protein electrophoresis
showed that the hyperglobulinaemia was
due to elevations of the beta- and gamma-
globulins. PT and APTT were within nor-
mal limits. Urinalysis was unremarkable.aa

Thoracic radiography showed large
multifocal, nodular, soft tissue opacities in
the caudodorsal and middle lung fields
with air bronchograms visible in the
caudodorsal lung field. Abdominal radio-
graphs and echocardiography were un-
remarkable. A faecal sample examined 
by Baermann flotation was positive for 
A vasorum larvae.

Therapy was initiated with 4 ml/kg 
0·9 per cent sodium chloride solution
every hour; 50 mg/kg fenbendazole once
daily for 15 days; 0·25 mg/kg dexa-
methasone subcutaneously once on day 1
as an anti-inflammatory; 10 mg/kg oral
amoxycillin/clavulanate twice daily for
seven days to treat possible secondary 
bacterial pneumonia; and 2 mg/kg
frusemide subcutaneously twice daily to
aid with calciuresis.a

The dog’s condition improved steadily.
By day 6, serum total calcium had
decreased to 2·8 mmol/litre. The frusemide
dose was reduced to 1 mg/kg twice daily for
one day and then discontinued. On day 7,
thoracic radiographs revealed some resolu-
tion of the nodular lesions. Intravenous
fluid therapy was then discontinued and
the dog was discharged exhibiting mild
tachypnoea as its only clinical sign. Total
calcium at discharge was slightly above the
reference interval at 2·68 mmol/litre and
ionised calcium was 1·36 mmol/litre

The dog was re-examined on day 60. The
owners reported that the dog was normal at
home. Physical examination was unremark-
able. Faecal analysis was negative for A 
vasorum larvae and thoracic radiographs
showed only residual bronchointerstitial
markings. Haematology and biochemistry
were within reference intervals.

DISCUSSION

The three dogs included in this report pre-
sented primarily for investigation of respi-
ratory disease. In all three cases, a diagnosis
of angiostrongylosis was confirmed by the
identification of A vasorum first-stage lar-
vae either in BAL fluid, faeces or both. The
three dogs exhibited many of the clinical
signs (cough, exercise intolerance and dys-
pnoea) and clinicopathological abnormali-
ties (eosinophilia, mild thrombocytopenia
and hyperglobulinaemia) described in 
previous case series of angiostrongylosis 
(Martin and others 1993, Patteson and
others 1993, Chapman and others 2004).
Thoracic radiographic findings were also

similar to those reported previously 
(Martin and others 1993, Patteson and
others 1993, Boag and others 2004). All
three dogs ultimately responded well to
treatment with fenbendazole, which is the
recommended treatment of this disease
(Bolt and others 1994), with resolution of
their respiratory signs. In all three cases,
hypercalcaemia was documented on the
initial serum biochemistry panel.

Regulation of serum calcium concen-
tration is complex and involves the inte-
grated actions of several hormones,
notably PTH and vitamin D and its
metabolites (Ganong 2001). Clinical
detection of hypercalcaemia is not always
easy because it is the total serum calcium
(consisting of protein-bound, complexed
and ionised fractions) that is most com-
monly measured, although it is the ionised
fraction that is metabolically active and
which, if increased or decreased, results in
clinical signs (Schenck and others 1996).
Non-pathological hypercalcaemia may 
be associated with haemoconcentration,
hyperproteinaemia and analytical inter-
ference (for example, lipaemia). 

All three dogs in this report demon-
strated one or more clinical signs associ-
ated with hypercalcaemia (for example,
inappetence, weight loss, polyuria/poly-
dipsia and lethargy) as well as respiratory
signs. In two cases, a significant increase in
ionised calcium as well as total calcium was
confirmed. Two of the animals were less
than one year of age and calcium levels are
slightly increased in young growing ani-
mals (Mischke and others 1996). How-
ever, the presence of clinical signs and the
magnitude of the hypercalcaemia make it
very likely that the hypercalcaemia was
pathological in all three cases.

Whenever pathological hypercalcaemia
is identified, a thorough search for the
underlying disease process is warranted. At
the time of examination of these cases,
hypercalcaemia had not been reported in
association with angiostrongylosis. A sub-
sequent retrospective review, including one
of the cases described more fully here (case
1), identified a mild to moderately elevated
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total calcium in three of 23 cases of
angiostrongylosis (Chapman and others
2004). The golden retriever (case 1) was
significantly older than the majority of
dogs with angiostrongylosis (Martin and
others 1993, Patteson and others 1993,
Chapman and others 2004) leading to a
high index of suspicion for concurrent
neoplasia. A thorough evaluation for other
causes of hypercalcaemia was performed in
this case. None were identified. The low
PTH level was consistent with suppression
of the parathyroid glands due to the hyper-
calcaemia. 

Corticosteroids were administered in all
three cases, aiming to reduce the inflam-
matory reaction in the pulmonary tissue
that may accompany death of the nema-
tode (Bolt and others 1994). Cortico-
steroids tend to decrease serum calcium
concentration by reducing bone resorp-
tion, decreasing intestinal calcium absorp-
tion and increasing renal calcium excretion
(Mahgoub and others 1997). Cortico-
steroids are also lymphocytolytic and, in
animals with hypercalcaemia secondary to
lymphoma, their administration can lead
to a rapid reduction in serum calcium 
levels. However, the lymphocytolysis can
make definitive histopathological diagno-
sis of lymphoma difficult or impossible
(Rosol and others 2000). It is possible that
the administration of corticosteroids in the
dogs in the present case masked an alterna-
tive cause for their hypercalcaemia such as
lymphoma. However, all three cases were
clinically well with normal serum calcium
levels several months after withdrawal of
corticosteroid therapy. It is highly unlikely
that the use of corticosteroids masked
other underlying disease in any of the
patients.

Hypercalcaemia has been associated
with other granulomatous diseases in dogs
including blastomycosis (Dow and others
1986, Arceneaux and others 1998),
schistosomiasis (Troy and others 1986,
Rohrer and others 2000, Fradkin and oth-
ers 2001), pyogranulomatous dermatitis
and panniculitis (Barrett and others 1998),
retained foetus and endometritis (Hirt and

others 2000) and granulomatous lym-
phadenitis (Mellanby and others 2003).
The proposed mechanism is dysregulated
production of 1,25-dihydroxycholecal-
ciferol by activated macrophages (Dow
and others 1986). It has been shown that
mononuclear phagocytes, the cells most
commonly involved in granulomatous dis-
ease, can metabolise 25-hydroxycholecal-
ciferol to 1,25-dihydroxycholecalciferol in
vitro (Cohen and Gray 1984). Increased
levels of 1,25-dihydroxycholecalciferol
have been found in people with granulo-
matous disease of various aetiologies (Play-
ford and others 2001, Sharma 2000) and
have also been identified in a cat with
granulomatous skin disease (Mealey and
others 1999). To the authors’ knowledge,
1,25-dihydroxycholecalciferol has only
been measured in one of the previously
reported canine cases (Mellanby and 
others 2003) where it was found to be ele-
vated in a dog with granulomatous 
lymphadenitis. Levels of PTHrP were
found to be elevated in two dogs with
schistosomiasis (Fradkin and others 2001)
but 1,25-dihydroxycholecalciferol was not
measured in these patients.

In the present report, vitamin D
metabolites were measured in case 2 and
1,25-dihydroxyvitamin D was found to be
increased. PTH was found to be decreased
and PTHrP was within the reference range.
The concentration of 25-dihydroxychole-
calciferol was below the reference interval
indicating that it was unlikely that the ele-
vated 1,25-dihydroxycholecalciferol level
was due to unreported dietary supplemen-
tation or ingestion of toxins containing 
vitamin D or its analogues (Carothers and
others 1994, Mellanby and others 2003).
Interestingly, 25-dihydroxycholecalciferol
was measured in several of the previously
reported canine cases of hypercalcaemia
(Barrett and others 1998, Rohrer and 
others 2000, Fradkin and others 2001) and
found to be low in two cases (Barrett and
others 1998, Fradkin and others 2001).
The mechanism of this decrease is unclear,
as formation of 25-hydroxycholecalciferol
does not appear to be tightly regulated and

largely depends on the amount of cholecal-
ciferol presented to the liver as a substrate
(Ganong 2001). Possible mechanisms
could include decreased dietary intake 
of cholecalciferol, depletion of 25-hydroxy-
cholecalciferol following increased con-
version to 1,25-dihydroxycholecalciferol,
or a negative feedback effect of either 
the ionised calcium or the 1,25-dihydroxy-
cholecalciferol on production of 
25-hydroxycholecalciferol.

Increases in 1,25-dihydroxycholecal-
ciferol will tend to lead to increased serum
phosphorus by enhancing intestinal phos-
phate absorption and it is interesting that
serum phosphorus concentration was
within reference intervals in case 2. It is
possible that decreased dietary intake of
phosphorus contributed to this, as the dog
had been inappetent for several weeks. The
phosphorus was mildly elevated in case 3
but vitamin D metabolite levels were not
measured in this dog.

Prolonged hypercalcaemia may lead to
permanent organ (especially renal) dys-
function following soft tissue mineralisa-
tion. In all of the cases presented here, the
calcium-phosphorus product (with both
values converted to mg/dl) was greater
than 60 mg/dl leading to a high risk of soft
tissue mineralisation (Meuten and others
1981, Morrow and Volmer 2002). Treat-
ment using a combination of saline 
diuresis, frusemide and corticosteroid
administration was used in all of the dogs
to ameliorate the hypercalcaemia while 
a diagnosis was made and definitive
anthelmintic therapy was instituted. All of
the dogs made a full recovery with no 
evidence of permanent renal damage.

Hypercalcaemia appears to be a rare
complication of angiostrongylosis. The
aetiology is likely to be unregulated pro-
duction of 1,25-dihydroxycholecalciferol
by activated macrophages within pul-
monary granulomata. Due to the potential
for long term renal damage, calcium
should be measured in all dogs with
angiostrongylosis, especially if they are
exhibiting concurrent clinical signs 
consistent with hypercalcaemia.
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INTRODUCTION

Neospora caninum is an apicomplexan 
protozoan, now well recognised as a cause
of neuromuscular disease in dogs and
abortion in cattle (Dubey 2003). The 
dog has been identified as both an inter-
mediate and definitive host to the parasite
(McAllister and others 1998), with trans-
mission being primarily transplacental 
or by ingestion of tissues containing N 
caninum cysts (Hemphill 1999). 

Canine neosporosis has been docu-
mented worldwide, with estimates of
prevalence varying widely, and an apparent
association between canine and bovine
infection has been reported (Wouda and
others 1999, Dubey 2003). Surveys in the
UK have estimated canine seropositivity at
between 5·8 and 16·6 per cent, the major-
ity of these infections being subclinical
(Trees and others 1993, Lathe 1994). 

Lesions in the neuromuscular system
usually predominate. Progressive hindlimb
paresis with muscle atrophy and rigid
hindlimb hyperextension is a characteristic
presentation in juvenile dogs (Barber and
Trees 1996). However, tissue inflamma-
tion associated with tachyzoite replication
can be widespread, particularly in peracute
cases, and may include myocarditis,
hepatitis, dermatitis, ocular lesions, pan-
creatitis and interstitial pneumonia
(Dubey and others 1990b, Barber and 
others 1996, Barber and Trees 1996).

Signs are likely to be more generalised 
in adult dogs (Barber and Trees 1996).
Cutaneous involvement is infrequently
reported but may be multifocal or occur as
a localised lesion (Dubey and others 1995,
Poli and others 1998).

The present report describes a fatal case 
of neosporosis in a puppy in which der-
matitis manifested before signs of acute
polymyositis and encephalitis.

CASE HISTORY

A 16-week-old, entire male, vaccinated,
boxer dog presented to a private veterinary
clinic with severe acute vomiting, pyrexia
and bloody diarrhoea. Salmonella group D
was cultured from its faeces. A 10-day
course of 250 mg amoxycillin/clavulanate
(Synulox; Pfizer), given orally twice daily,
resulted in clinical recovery, although the
frequency of urination was thought to be
increased. 

Three days after completion of the
course of antibiotics, multiple erythema-
tous non-pruritic dermal nodules, measur-
ing 0·5 to 2 cm in diameter, developed in
the ventrum and axillary regions. Physical
examination was otherwise unremarkable.
On suspicion of a hypersensitivity reac-
tion, 0·25 mg/kg dexamethasone sodium
phosphate (Colvasone; Norbrook) and 10
mg chlorpheniramine (Piriton; Glaxo-
SmithKline) were administered subcuta-
neously. 

Over the following two days the dog
became dull, lethargic, polyuric, polydipsic
and mildly febrile (39·4ºC). Serum bio-
chemistry showed a marked elevation in
the level of alanine aminotransferase (ALT)
(>1000 U/litre, reference range 8 to 75
U/litre) (VetTest; Idexx Laboratories).
Urine was isosthenuric by refractometry
(specific gravity 1·011). A urine dipstick
(Multistix; Bayer) showed a pH of 8, trace
protein and +++ blood. No erythrocytes
were found on sediment examination.
Abdominal ultrasound was unremarkable.l 

Treatment consisted of parenteral 
fluids (Aqupharm No. 11; Animalcare) at
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dermatitis followed by rapidly progressive and fatal neuromuscular

disease. Protozoal tachyzoites were demonstrated by aspiration 
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necrotising inflammation associated with intralesional protozoal
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Dermatitis is a finding rarely associated with juvenile neosporosis.

The possible role of immunosuppression is discussed. 
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maintenance rates, 5 mg/kg enrofloxacin
(Baytril; Bayer) subcutaneously every 
24 hours, and 2 mg/kg dexamethasone
intravenously in divided doses over 24
hours. Mental dullness and weakness wors-
ened, progressing over two days to para-
paresis and lateral recumbency with
dyspnoea and dysphagia. Further samples,
consisting of aspirates and biopsy of 
dermal lesions, cerebrospinal fluid (CSF),
blood and urine for culture, were sent 
to the Department of Pathology and 
Infectious Disease, at the Royal Veterinary
College (RVC), London.l 

Haematology (Abbot Cell-dyn 3500CS)
revealed a mild eosinophilia (2·14�
109/litre, reference range 0 to 1·3�
109/litre). Platelet clumping in the sample
prevented an accurate count but numbers
appeared adequate upon smear exam-
ination. Abnormal serum biochemical
results included marked elevation of crea-
tine kinase, moderate elevations of ALT,
bile acids and lipase, a mild increase in 
alkaline phosphatase, hypoproteinaemia
with moderate hypoglobulinaemia and
mild hypoalbuminaemia, and mild hypo-
natraemia (Table 1).

Prothrombin time (PT), at 12·2 sec-
onds, was prolonged 44 per cent above a
canine control; activated partial thrombo-
plastin time (APTT) was unremarkable at
17·5 seconds. Protein (0·11 g/litre, refer-
ence range <0·25 g/litre) and total nucle-
ated cell counts (3�106/litre, reference
range <10�106/litre) in CSF were unre-
markable. A CSF nucleated cell differential
count showed an increased proportion of

neutrophils (45 per cent non-degenerate
neutrophils, 30 per cent monocytoid cells
and 25 per cent lymphocytes). However,
this was attributed to moderate blood 
contamination in the sample.

Smears from aspirates of cutaneous
nodules showed mixed inflammation 
(56 per cent neutrophils, 41 per cent
eosinophils and 3 per cent macrophages)
with occasional mast cells and reactive
fibroblasts. Crescent-shaped organisms
with an apical nucleus were scattered 
extracellularly throughout the smear,
singly or dividing by endodyogeny (Fig 1).
Organisms were also densely clustered
within and expanding low numbers of
macrophages (Fig 2). However, clinical
deterioration was rapid and the pup
became stuporous and died before a 
diagnosis of protozoal disease was made.

Death occurred within six days of skin
lesions appearing. 

Histology of the skin biopsy sub-
sequently revealed suppurative and eosino-
philic nodular dermatitis and panniculitis,
with patchy suppurative folliculitis and
furunculosis. Protozoal organisms were
found extracellularly and within histiocytic
cells and fibroblasts (Fig 3). Urine and
CSF cultures yielded no growth. Serology
for Toxoplasma gondii was negative (Toxo-
reagent; Eiken Chemical Co.). An indirect
fluorescent antibody test (IFAT) showed
seropositivity to N caninum at 1:800.
Serology for antinuclear antibody was 
negative. 

A postmortem examination was per-
formed at the RVC’s Department of
Pathology and Infectious Disease. Findings
included widespread severe pale streaking

Total protein 39·3 55-73 g/litre
Globulin 15·5 27-44 g/litre
Albumin 23·8 25-39 g/litre 
Sodium 142 145-155 mmol/litre
Potassium 4·7 4-5·5 mmol/litre
Chloride 113 105-120 mmol/litre
Calcium 2·30 2·2-2·85 mmol/litre
Phosphorus 2·14 1-2·52 mmol/litre
Urea 6·2 3-10 mmol/litre
Creatinine 91 50-140 µmol/litre
Creatine kinase 135,009 80-500 U/litre
ALT 1099 22-220 U/litre
ALP 572 30-250 U/litre
Cholesterol 6·0 2·5-8 mmol/litre
Total bilirubin 4·0 2·5-12 µmol/litre
Amylase 968 350-1500 U/litre
Lipase 2321 55-430 U/litre 
Bile acids 53·6 <10 µmol/litre

ALT Alanine aminotransferase, ALP Alkaline phosphatase

Analyte Results Reference values

Table 1. Biochemical findings in a boxer puppy with
disseminated neosporosis 

FIG 1. Needle aspirate of a skin lesion. Extracellular tachyzoites occurred
singly (long arrow) or paired and undergoing division by endodyogeny
(short arrow), with platelets (arrowheads) and erythrocytes. Diff-Quik.
�1000

FIG 2. Needle
aspirate of a
skin lesion,
showing a
macrophage
with cytoplasm
distended by
more than 30
tachyzoites. A
neutrophil and
erythrocytes 
are visible in 
the background.
Diff-Quik.
�1000
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of cardiac and skeletal muscles, suggesting
diffuse myopathy. There were ulcerative
skin lesions of limbs, the ventral abdomen,
sternum, neck and head. The urinary 
bladder contained dark red urine. Multiple
portions of brain, skeletal muscle includ-
ing diaphragm, heart, skin, stomach, small
intestine, urinary bladder, adrenals, kid-
neys, lungs, liver, spleen, pancreas, bone
marrow and thyroid glands were fixed in
10 per cent buffered formalin, processed
routinely, and sections were stained with
haematoxylin and eosin for histological
examination. 

Histologically, the predominant lesions
were multifocal necrotising myositis of
skeletal and cardiac muscle, multifocal
pyogranulomatous ulcerative necrotising
dermatitis and multifocal nonsuppurative
necrotising encephalitis. Multiple foci of
necrosis were also found within the pan-
creas, adrenal cortices and intestinal
smooth muscle. Peyer’s patches were
markedly depleted of lymphocytes.
Epithelial cells of cortical renal tubules
contained intracytoplasmic red granules
suggestive of myoglobin. Similar material
formed intratubular casts in the renal
medullae. The liver and lungs were
markedly congested. Hepatic Kupffer cells
and splenic reticuloendothelial cells were
prominent. 

Protozoal tachyzoites were found
within cardiac and skeletal myocytes,
brain, pancreas and dermis. In the brain,
encysted stages and tachyzoites were most
abundant in the cerebrum. Immunohisto-
chemical staining of skin, brain, skeletal
and cardiac muscle was positive for N 
caninum and negative for T gondii.

DISCUSSION

Canine neosporosis characteristically pre-
sents as progressive hindlimb paresis and
paralysis in juvenile dogs. The boxer is
among those breeds in which neosporosis
is most frequently reported (Cringoli and
others 2002, Dubey 2003). Dermatitis is 
a rare presentation in canine juvenile
neosporosis, and nine of 10 previously
reported cases of dermal neosporosis
involved adult dogs (Fritz and others 1997,
Perl and others 1998, Poli and others
1998, La Perle and others 2001, Ordeix
and others 2002). 

Cutaneous lesions consist of multifocal,
ulcerated and sometimes exudative nod-
ules, measuring 0·5 to 5 cm in diameter
with variable distribution, and are charac-
terised by pyogranulomatous necrotising
inflammation (Dubey and others 1988,
1995, La Perle and others 2001). Tachy-
zoites in skin lesions may be abundant,
occurring extracellularly or within inflam-
matory or tissue cells including fibroblasts,
macrophages and epithelial cells. Periph-
eral eosinophilia and dermal eosinophilic
infiltrates, as occurred in the present case,
are variable findings. Localised nodular
dermatitis in the apparent absence of 
systemic illness has also been reported 
(Poli and others 1998). 

Although skin lesions were the present-
ing complaint in this case, evidence of dis-
seminated infection manifested rapidly.
Intracellular tachyzoite replication and
ensuing cell necrosis and inflammation
were widespread. Extensive myonecrosis
and cerebral and visceral invasion
accounted for the majority of clinico-

pathological abnormalities, including the
extreme creatine kinase elevation (Table 1).
Myoglobinuria and presumed secondary
tubular nephropathy were considered a
probable cause of polyuria, polydipsia and
isosthenuria. Hypoproteinaemia in pup-
pies may reflect immaturity of production
(Stockham and Scott 2002). However, the
level in this case was lower than expected
and primarily reflected hypoglobulin-
aemia, the cause of which may have been
clarified by measuring globulin fractions.lll

A role for immunosuppression in the
development of cutaneous lesions in
neosporosis has previously been proposed
(Dubey and others 1995, La Perle and 
others 2001, Ordeix and others 2002).
Simultaneous skin infection with N can-
inum and Leishmania infantum has been
reported in Italy in a nine-month-old dog
on steroid therapy (Tarantino and others
2001). Other reports involve aged dogs,
those with concurrent disease, or dogs on
chronic immunosuppressive therapy for
immune-mediated or neoplastic disease
(Dubey and others 1988, 1995). 

Cell-mediated immunity involving
interferon-gamma, produced by CD4+ T
helper type 1 lymphocytes and macro-
phages, significantly inhibits intracellular
tachyzoite replication (Innes and others
2000). Activation of latent tissue cysts and
tachyzoite replication may occur if host
immune responses are altered, as occurs
during pregnancy, immunosuppressive
therapy or concurrent disease (Dubey and
Lindsay 1990, Dubey and others 1995,
Buxton and others 2002). Immunity in
the present case may have been compro-
mised by a number of factors including
immaturity, previous infection with Sal-
monella and corticosteroid administration.
Glucocorticoids may impair cell-mediated
immunity via down-regulation of macro-
phage function and T lymphocyte sup-
pression (Ferguson and Hoenig 2001). It
can only be speculated whether the episode
of Salmonella-induced gastroenteritis trig-
gered activation of latent protozoal disease
or resulted from pre-existing immuno-
compromise in this young boxer dog. 

FIG 3. Section 
of dermis 
showing severe
pyogranulomatous
inflammation, 
with numerous
admixed
eosinophils.
Protozoal
organisms were
observed within
histiocytic cells
(arrow and inset)
and fibroblasts.
Haematoxylin 
and eosin. �200.
Inset �1000
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Aspiration and biopsy of skin lesions
may demonstrate protozoal organisms in
dermal neosporosis. In addition to N can-
inum, protozoal species reported to cause
dermatitis in dogs are Leishmania species,
Sarcocystis canis and Caryospora species.
Serology, organism morphology and
immunohistochemistry aid differentiation
of these parasites (Dubey and others
1990a, Dubey and Speer 1991). Although
not reported to cause dermal lesions in
dogs, tachyzoites of T gondii are indistin-
guishable from those of N caninum by
light microscopy (Dubey and others
1995). Toxoplasmosis may cause gener-
alised disease in dogs resembling neosporo-
sis and dual infection can occur (Dubey
and others 1995). Recently an unidenti-
fied protozoal parasite was associated with
ulcerative nodular dermatitis in an adult
dog in Brazil (Dubey and others 2003).
Although staining positively for T gondii
polyclonal antibody, organisms divided 
by schizogony and were ultrastructurally
distinct from T gondii, suggesting that a
new entity should be considered in the dif-
ferential diagnoses of protozoal dermatitis
in dogs. 

Serology by IFAT demonstrates very lit-
tle cross-reactivity between N caninum and
other coccidian parasites (Bjorkman and
Uggla 1999). Clinical neosporosis in most
cases produces IFAT titres greater than or
equal to 1:800 (Barber and Trees 1996).
Definitive diagnosis requires immuno-
histochemistry or electron microscopy of
tissue sections. 

An interesting finding in this case was
the prolongation of PT. Coagulation times
are infrequently reported in neosporosis.
Prolonged PT due to acquired factor VII
deficiency can occur in cattle infected with
the closely related protozoa of Sarcocystis
species (Dubey 1993). However, the inci-
dence of coagulopathy in canine neosporo-
sis is unknown. Prolonged PT with normal
APTT suggests a deficiency of factor VII,
which, due to the short half-life of this 
factor, may be an early finding with loss of
hepatic factor production or decreased
intestinal uptake of vitamin K. In this case,

coagulopathy was not clinically apparent
and a detailed assessment of coagulation
was not conducted. 

Successful treatment of neosporosis
with clindamycin, sulphadiazine and
pyrimethamine, alone or in combination,
has been reported (Dubey and others
1995, Barber and Trees 1996, Poli and
others 1998, Ordeix and others 2002).
However, the prognosis in acute gener-
alised disease is guarded. Localised disease
and early instigation of therapy are associ-
ated with a better outcome (Dubey and
others 1995, Barber and Trees 1996). 

Acknowledgements
The authors wish to thank Dr K. West of
Prairie Diagnostic Services, University of
Saskatchewan, Canada, for undertaking
the immunohistochemistry; Miss D. J.
Kelleher of the Liverpool School of Tropi-
cal Medicine, UK, for performing the
IFATs; and Professor D. B. Church for
reviewing the manuscript.

References
BARBER, J. S., PAYNE-JOHNSON, C. E. & TREES, A. J. (1996)

Distribution of Neospora caninum within the central
nervous system and other tissues of six dogs 
with clinical neosporosis. Journal of Small Animal 
Practice 37, 568-574

BARBER, J. S. & TREES, A. J. (1996) Clinical aspects of
27 cases of neosporosis in dogs. Veterinary Record
139, 439-443

BJORKMAN, C. & UGGLA, A. (1999) Serological diagnosis
of Neospora caninum infection. International Journal
for Parasitology 29, 1497-1507

BUXTON, D., MCALLISTER, M. M. & DUBEY, J. P. (2002) The
comparative pathogenesis of neosporosis. Trends in
Parasitology 18, 546-552

CRINGOLI, G., RINALDI, L., CAPUANO, F., BALDI, L., VENEZIANO,
V. & CAPELLI, G. (2002) Serological survey of
Neospora caninum and Leishmania infantum
co-infection in dogs. Veterinary Parasitology 106,
307-313

DUBEY, J. P. (1993) Toxoplasma, Neospora, Sarcocystis,
and other tissue cyst-forming coccidia of humans
and animals. In: Parasitic Protozoa, Vol 6. 2nd edn.
Ed J. P. Kreier. Academic Press, San Diego. pp 92-
94

DUBEY, J. P. (2003) Review of Neospora caninum and
neosporosis in animals. Korean Journal of Para-
sitology 41, 1-16

DUBEY, J. P., BLACK, S. S., SANGSTER, L. T., LINDSAY, D. S.,
SUNDERMANN, C. A. & TOPPER, M. J. (1990a)
Caryospora-associated dermatitis in dogs. Journal
of Parasitology 76, 552-556

DUBEY, J. P., CARPENTER, J. L., SPEER, C. A., TOPPER, M. J.
& UGGLA, A. (1988) Newly recognized fatal protozoan
disease of dogs. Journal of the American Veterinary
Medical Association 192, 1269-1285

DUBEY, J. P., KOESTNER, A. & PIPER, R. C. (1990b)

Repeated transplacental transmission of Neospora
caninum in dogs. Journal of the American Veterinary
Medical Association 197, 857-860

DUBEY, J. P. & LINDSAY, D. S. (1990) Neosporosis in dogs.
Veterinary Parasitology 36, 147-151

DUBEY, J. P., METZGER, F. L., JR, HATTEL, A. L., LINDSAY, D.
S. & FRITZ, D. L. (1995) Canine cutaneous neosporo-
sis: clinical improvement with clindamycin. Veteri-
nary Dermatology 6, 37-43

DUBEY, J. P., PIMENTA, A. L., ABBOUD, L. C. S., RAVASANI, 
R. R. & MENSE, M. (2003) Dermatitis in a dog asso-
ciated with an unidentified Toxoplasma gondii-like
parasite. Veterinary Parasitology 116, 51-59 

DUBEY, J. P. & SPEER, C. A. (1991) Sarcocystis canis n.
sp. (Apicomplexa: Sarcocystidae), the etiologic agent
of generalized coccidiosis in dogs. Journal of Para-
sitology 77, 522-527

FERGUSON, D. C. & HOENIG, M. (2001) Glucocorticoids,
mineralocorticoids, and steroid synthesis inhibitors.
In: Veterinary Pharmacology and Therapeutics. 8th
edn. Ed H. R. Adams. Iowa State University Press,
Iowa. p 653

FRITZ, D., GEORGE, C., DUBEY, J. P., TREES, A. J., BARBER,
J. S., HOPFNER, C. L., MEHAUT, S., LE NET, J. L. &
LONGEART, L. (1997) Neospora caninum: associated
nodular dermatitis in a middle-aged dog. Canine
Practice 22, 21-24

HEMPHILL, A. (1999) The host-parasite relationship in
neosporosis. Advances in Parasitology 43, 47-103

INNES, E. A., BUXTON, D., MALEY, S., WRIGHT, S., MARKS,
J., ESTEBAN, I., RAE, A., SCHOCK, A. & WASTLING, J.
(2000) Neosporosis: aspects of epidemiology and
host immune response. Annals of the New York
Academy of Sciences 916, 93-101

LA PERLE, K. M. D., DEL PIERO, F., CARR, R. F., HARRIS, C.
& STROMBERG, P. C. (2001) Cutaneous neosporosis in
two adult dogs on chronic immunosuppressive ther-
apy. Journal of Veterinary Diagnostic Investigation
13, 252-255

LATHE, C. L. (1994) Neospora caninum in British dogs.
Veterinary Record 134, 532

MCALLISTER, M. M., DUBEY, J. P., LINDSAY, D. S., JOLLEY, 
W. R., WILLS, R. A. & MCGUIRE, A. M. (1998) Dogs are
definitive hosts of Neospora caninum. International
Journal for Parasitology 28, 1473-1478

ORDEIX, L., LLORET, A., FONDEVILA, D., DUBEY, J. P., FERRER,
L. & FONDATI, A. (2002) Cutaneous neosporosis 
during treatment of pemphigus foliaceus in a dog.
Journal of the American Animal Hospital Association
38, 415-419

PERL, S., HARRUS, S., SATUCHNE, C., YAKOBSON, B. & HAINES,
D. (1998) Cutaneous neosporosis in a dog in Israel.
Veterinary Parasitology 79, 257-261

POLI, A., MANCIANTI, F., CARLI, M. A., STROSCIO, M. C. &
KRAMER, L. (1998) Neospora caninum infection in a
Bernese cattle dog from Italy. Veterinary Parasitol-
ogy 78, 79-85

STOCKHAM, S. L. & SCOTT, M. A. (2002) Proteins. In: Fun-
damentals of Veterinary Clinical Pathology. Iowa
State University Press, Iowa. pp 251-276

TARANTINO, C., ROSSI, G., KRAMER, L. H., PERRUCI, S.,
CRINGOLI, G. & MACCHIONI, G. (2001) Leishmania infan-
tum and Neospora caninum simultaneous skin infec-
tion in a young dog in Italy. Veterinary Parasitology
102, 77-83

TREES, A. J., GUY, F., TENNANT, B. J., BALFOUR, A. H. &
DUBEY, J. P. (1993) Prevalence of antibodies to
Neospora caninum in a population of urban dogs in
England. Veterinary Record 132, 125-126

WOUDA, W., DIJKSTRA, T., KRAMER, A. M. H., VAN MAANEN,
C. & BRINKHOF, J. M. A. (1999) Seroepidemiological
evidence for a relationship between Neospora 
caninum infections in dogs and cattle. International
Journal for Parasitology 29, 1677-1682

© British Small Animal Veterinary Association. All rights reserved

Neosporosis in a young dog pres  21/1/05  11:58  Page 88



INTRODUCTION

There are numerous causes of seizures in
dogs but when dealing with juvenile ani-
mals the possibility of a congenital lesion
should be given particular consideration
(Oliver and others 1997). Extracranial
lesions, such as portosystemic shunts, are
usually easily identified through blood
analysis, whereas intracranial lesions gener-
ally require sophisticated imaging tech-
niques to achieve diagnosis.

The central nervous system (CNS) has
a uniquely intricate architecture upon
which its function is critically dependent.
Therefore, abnormalities that occur during
development of the brain are particularly
liable to cause deficits and derangements
in function that commonly become mani-
fest as seizures. Several types of brain mal-
formation have been identified in dogs,
such as lissencephaly and polymicrogyria
(Zaki 1976, van Winkle and others 1994,
Saito and others 2002), although most
common by far is hydrocephalus. Such
lesions can often be identified using com-
puted tomography (CT) or magnetic reso-
nance imaging (MRI) (Harrington and
others 1996, Saito and others 2002). 

This case report describes an unusual
brain malformation in a puppy, which was
associated with seizures and intractable
cognitive deficits.

CASE HISTORY

A six-month-old, male crossbreed dog was
referred to the Queen’s Veterinary School
Hospital (QVSH) for treatment of a
seizure disorder. The owner had owned the
puppy since it was eight weeks old, during
which time it had been generally in good
health, although it had had several seizures
from which it had recovered uneventfully.
One week before presentation to the clinic,
the puppy had a further series of seizures,
culminating in a prolonged period of 
disorientation and circling.

On initial presentation at the QVSH,
the puppy walked compulsively in tight
circles to the right. He appeared demented
and barked continuously. Postural reac-
tions were depressed in all four limbs and
there was hypermetria of the thoracic
limbs, especially the left. The menace
response was absent in the left eye and
equivocally depressed in the right; there
were no other signs of cranial nerve dys-
function. Myotatic and flexor reflexes were
intact in all of the limbs.

On routine biochemical analysis, blood
urea was below the normal range but no
other abnormalities were found; a bile acid
stimulation test was normal. After hospi-
talisation the puppy’s apparently distressed
state was partially alleviated by frequent
administration of parenteral diazepam, but
the response diminished over the following
days.

An MRI scan revealed grossly abnormal
conformation of the brain in the region of
the olfactory bulb and prefrontal cerebral
cortex. On horizontal slices, tissue iso-
intense and contiguous with normal brain
extended rostrally far beyond the normal
limits of the cranial vault to lie within the
nasal cavity (Fig 1a and b). Although
nearly symmetrical, the abnormality was
most marked on the right side, where the
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A six-month-old puppy was presented for investigation of a seizure

disorder. Neurological examination indicated persistent cerebral

dysfunction in the absence of any identifiable metabolic disorder 

and magnetic resonance imaging revealed extension of the rostral

lobes of the cerebrum into the nasal cavity. Despite symptomatic

treatment, the puppy continued to exhibit seizures and appeared

distressed and so was euthanased. Postmortem examination

confirmed the abnormal anatomy of the rostral part of the brain 

and absence of a cribriform plate. There was extensive grey and

white matter degeneration plus intraparenchymal haemorrhage 

in the abnormal brain tissue. The findings are consistent with a

diagnosis of ethmoidal encephalocoele – a condition that has not

previously been reported in the dog. 

Ethmoidal encephalocoele associated
with seizures in a puppy
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rostral-most part of the brain lay approxi-
mately 1 cm rostral to the medial canthus.
On transverse slices, normal-appearing
brain tissue lay adjacent to nasal turbinates
within the rostral part of the nasal cavity
(Fig 1c). There was no discernible cribri-
form plate. On T2-weighted transverse
scans, the frontal sinuses were filled with
material of a hyperintense signal, consis-
tent with accumulated fluid. Intravenous

administration of 0·1 mmol/kg gado-
benate dimeglumine (Multihance; Braco)
did not reveal any evidence of a breakdown
of the blood/brain barrier within the 
herniated portion of the brain. No other
abnormalities were detected in the remain-
ing portion of the brain and there was no
evidence of either subtentorial or foramen
magnum herniation. 

During the following two days,
attempts were made to control the puppy’s
symptoms using diazepam, acepromazine,
pentobarbitone and phenobarbitone.
However, while temporarily controlling
the signs, upon recovery from sedation the
puppy resumed the distressed behaviour
and therefore was euthanased. Immedi-

ately after euthanasia, the puppy was per-
fused through the heart with formalin and
the brain removed for histopathological
examination.

Histopathological examination
The gross appearance of the brain was sim-
ilar to that predicted from the MRI scan.
The two frontal/olfactory lobes were
greatly elongated and each ended in a
bulb-like structure that was inseparable
from the nasal mucosa; there was no cribri-
form plate. The brain was cut mid-sagit-
tally; the right side frontal/olfactory region
was sectioned sagittally and the left 
sectioned transversely (Fig 2). The corpus
callosum was normal in location but some-
what distorted so that it was displaced ros-
trally towards the defect in the skull. The
gross structure of the remaining portion of
the brain was unremarkable.

Haemorrhage was evident to the naked
eye in parasagittal sections and appeared to

FIG 1. Magnetic resonance imaging (MRI) scans of the puppy’s brain. (A) Horizontal T1-weighted scan. Asterisk shows location of normal-appearing
brain tissue extending into an abnormal position rostral to the eye. (B) Horizontal T2-weighted scan of the same region, illustrating variable intensity of
herniated brain. (C) Transverse T1-weighted MRI scan through the level indicated in (A) by the dashed line. Note the turbinates in left nasal cavity (large
arrow), and hypointense (darker) regions suggestive of recent intraparenchymal haemorrhage (small arrows)

FIG 2. Appearance of gross pathological
specimen. (A) Dorsal view shows abnormal
rostrocaudal extent and asymmetry of the
rostral part of the brain. Intimate attachment
between the nasal mucosa and herniated 
brain is apparent in (B), a view of the right 
side of the brain, and in (C), which shows
parasagittal slices of both cerebral
hemispheres. Haemorrhage is also grossly
apparent on the cut surfaces
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extend from the rostral tip of the ventricle
into the subarachnoid space. There were
also scattered, smaller regions of subdural
haemorrhage. On microscopic examina-
tion, the surface of the herniated brain was
covered by tissue that resembled nasal
mucosa and contained many large, thin-
walled blood vessels beneath a layer of
columnar epithelium (Fig 3). Several
regions of white matter showed extensive
Wallerian degeneration, most notably
where the dorsoventral dimensions of 
the protruding rostral lobes were maxim-
ally reduced. There were several discrete
areas of malacia and evidence of previous
haemorrhage and hypercellularity. 

DISCUSSION

The malformation described in this puppy
fulfils the criteria to be described as a 
congenital encephalocoele. This malforma-
tion is recognised as one category of neural
tube defects in which part of the brain 
herniates through an abnormal opening in
the cranium (David and Proudman 1989,
Harding and Copp 1997).

Encephalocoele is well recognised in
human infants, occurring at a frequency of
approximately nine in 100,000 live births
in the UK (Kadir and others 1999),
although the rate of occurrence is much
higher in Asia (Suwanwela and Suwanwela

1972, Hoving 2000). There are several
subtypes recognised in humans, cat-
egorised according to which part of the
cranium is affected (Harding and Copp
1997). Those affecting the occipital region
are most common, while those of the
frontal and ethmoidal region, such as
occurred in the puppy in the present case,
are rarest (Ziter and Bramwit 1970, Boon-
visut and others 1998, Hoving 2000).
Encephalocoele has previously been recog-
nised in pigs as an inherited condition
(Vogt and others 1986) and in cats as a
complication of antenatal treatment with
griseofulvin (Scott and others 1975). The
one previous case report on encephalocoele
in a dog (Parker and Cusick 1974)
described somewhat different clinical
signs: a two-day-old puppy was presented
comatose, with a red mass overlying the
parietal region and was immediately
euthanased. Furthermore, since that case
report predates veterinary access to
advanced imaging, the MRI characteristics
of this disorder have not previously been
described in animals. 

Encephalocoele is thought to develop
because of a failure of neurulation, during
the first third of gestation, in which there is
incomplete separation between the neur-
ectoderm and the overlying mesoderm
(Hoving 2000). The precise means by
which this occurs are unknown, but
genetic factors are certainly implicated in

view of the varying incidence in different
parts of the world. Environmental factors
are also involved since there has been 
a notable reduction in incidence of
encephalocoele (and other neural tube
deficits) in both the USA and UK since the
addition of folic acid to food (Kadir and
others 1999). Experimentally, excessive
vitamin A can also cause encephalocoele
(Theodosis and Fraser 1978). 

For many developmental abnormalities
of the brain, it is clear why seizures should
develop, for instance because of pressure
changes in the ventricles (hydrocephalus)
or abnormal ‘wiring’ patterns (lissen-
cephaly). In the puppy in the present case,
it is difficult at first sight to understand
why seizures should have occurred, espe-
cially since the puppy appeared normal
when younger. Pathological examination
of the herniated brain tissue provides an
answer, revealing gross haemorrhage,
malacia, degeneration of white matter and
inflammatory cell infiltrate that could all
contribute to abnormal excitability of cor-
tical neurons. It could also be postulated
that the very vascular mucosa was more
prone to trauma, especially in its site
within the nasal cavity, and the lack of a
distinct barrier between the nasal mucosa
and the brain could have allowed easy
access to microbes.

In human infants encephalocoeles are
treated by excision of the herniated brain

FIG 3. Microscopic appearance of the periphery of the herniated brain. (A) Beneath a thin columnar epithelium are numerous large blood vessels (#)
contained within a mucosal structure. Haemorrhage is visible in the deeper central nervous system (CNS) tissue (*). Haematoxylin & eosin (H&E). �50.
(B) Columnar epithelium (1) typical of nasal mucosa; there is some fibrocartilaginous material in deeper layers (2) suggestive of a rudimentary cribriform
plate. Normal-appearing CNS tissue (3) lies immediately beneath the mucosal layer. H&E. �150
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and closure of the defect in the skull
(Boonvisut and others 2001, Hunt and
Hobar 2003). Future cases of encephalo-
coele in dogs may prove amenable to such
treatment, but owing to the intractable
nature of the clinical signs in the current
case it appeared inhumane to further pro-
long the puppy’s life.
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INTRODUCTION

Angiostrongylus vasorum, the French heart-
worm, is a metastrongyloid lungworm,
which parasitises the right side of the heart
and pulmonary arteries of domestic dogs
and related wild carnivores. Infection
requires the ingestion of slugs or snails,
which act as intermediate hosts (Simpson
and Neal 1982, Murdock 1984, Bolt and
others 1994). After ingestion, the third-
stage (L3) larvae migrate via the mesenteric
lymph nodes and the liver, where they
undergo further moults before passing into
the right ventricle and pulmonary arteries.

The adults are ovoviviparous, their eggs
being transported within the pulmonary
circulation to alveolar capillaries where
they hatch as first-stage (L1) larvae. L1 
larvae emerge into the alveoli and migrate
to the trachea from where they are carried
by upper airway mucociliary escalator to
the trachea and expectorated or passed
through the alimentary tract and excreted
in faeces (Bolt and others 1994).

Clinical signs seen in association with 
A vasorum infection are variable and
asymptomatic animals have been identi-
fied in naturally infected (Simpson and
Neal 1982, Martin and others 1993) and
experimentally infected cases (Prestwood
and others 1981). Coughing, dyspnoea
and exercise intolerance are common, but 
a variety of other signs, which may 
overshadow the signs of pulmonary dis-
ease, have been recorded and include
stunted growth, weight loss, vomiting,
lameness and subcutaneous swelling
(Dodd 1973, Jones and others 1980,
Simpson and Neal 1982, Patteson and
others 1987, Cobb and Fisher 1990, 
Martin and others 1993, Bolt and others
1994). Additionally, sudden death attrib-
utable to acute heart failure has been
reported (King and others 1994). Neuro-
logical disease including central vestibular
signs, forelimb or hindlimb paralysis and
acute lumbar pain has been described and
attributed to embolism, although not con-
firmed during postmortem examination
despite the presence of adult A vasorum in
the systemic circulation (Perry and others
1991, Martin and others 1993, Patteson
and others 1993).

Pathology and clinical reports have
indicated that there may be a possible rela-
tionship between A vasorum infection and
host coagulation abnormalities (Schelling
and others 1986, Ramsey and others 1996,
Gould and others 1999). Furthermore, a
consumptive coagulopathy, with thrombo-
cytopenia, resembling chronic dissemi-
nated intravascular coagulation has been
demonstrated in a case of naturally occur-
ring A vasorum infection (Ramsey and 
others 1996). 
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This report describes three dogs with intracranial haemorrhage

secondary to severe coagulation defects associated with

Angiostrongylus vasorum infection. The initial case was diagnosed

at necropsy, with two subsequent cases diagnosed antemortem and

successfully treated. The dogs ranged in age from 14 months to four

years and were presented for evaluation of a severe, subacute onset

of suspected cerebral disease. Magnetic resonance imaging

performed on all three dogs was suggestive of multiple areas of

intraparenchymal brain haemorrhage. Coagulation assays showed 

a consumptive coagulopathy resembling chronic disseminated

intravascular coagulation. Postmortem examination of the 

initial case confirmed the presence of multiple intracranial and

extracranial haemorrhages. An unexpected finding was that of 

a marked multifocal nematode infection of the lungs with an

associated vasculopathy. The parasites were confirmed to be 

A vasorum. In the two other dogs, faecal examination by Baermann

technique confirmed A vasorum infection. Both dogs were treated

with fenbendazole and one was additionally given a plasma

transfusion. Repeated coagulation assays were normal within one

week. Neurological examinations were normal for both dogs within

six weeks. This case series indicates that A vasorum infection

should be considered as a possible aetiology of intracranial

haemorrhage in dogs.
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This report describes three dogs with
intracranial haemorrhage secondary to
severe coagulation defects associated with
A vasorum infection. 

CASE HISTORIES

All cases were referred to the Neurology Unit
at the Animal Health Trust, Newmarket.

Case 1
A 14-month-old, female entire English
springer spaniel was referred as an emer-
gency for investigation of an acute onset of
behavioural abnormalities and generalised
weakness. No trauma was noted prior to
clinical signs. The owners reported no
other prior health problems or known
exposure to rodenticides, and vaccinations
were up to date. 

The dog’s behaviour had suddenly
changed 10 days before referral at which
time the owners had identified a fluctuant
mass over the left ischium. The mass was
seen to progressively increase in size over
the next two days when the dog exhibited a
gait abnormality in the right pelvic limb. A
fine-needle aspirate of the mass was per-
formed by the referring veterinarian, and
identified a predominance of red blood
cells without evidence of erythrocytopha-
gia or malignancy. Seven days before refer-
ral, the dog experienced a sudden collapse,
and although there was no loss of con-
sciousness, a generalised transient tonic
episode was observed. Over the following
two days, the dog’s vision became reduced,
a sign which was accompanied by the 
presence of bilateral scleral haemorrhages.
The dog became rapidly more depressed,
anorexic and generally weak over the next
few days until the time of referral. 

On presentation, the dog exhibited a
severely depressed mental status and non-
ambulatory tetraparesis. Scleral haemor-
rhages were identified on both eyes with
marked swelling of both optic discs. A 5
cm diameter painless subcutaneous mass,
which was reasonably mobile on palpation,
was located over the left ischium. There

was no evidence of echymoses or petechia-
tion on any of the mucosal membranes.
Postural reactions were abnormal on all
four limbs but were most affected on the
left side. Spinal reflex examination was
normal. Cranial nerve examination
revealed vertical positional nystagmus,
bilateral mydriasis and bilateral menace
response deficits with absent pupillary
light reflexes. A diffuse or multifocal fore-
brain and brainstem anatomical diagnosis
was considered on the basis of the neuro-
logical findings. Inflammatory or infec-
tious central nervous system disease,
primary or metastatic neoplasia and cere-
brovascular disease were considered as the
more likely differentials for this neuro-
localisation and clinical history. 

Haematology and serum chemistry
analyses were within normal limits, but a
platelet count and coagulation profile were
not performed prior to anaesthesia for
intracranial imaging. The dog was anaes-
thetised using intravenous propofol
(Rapinovet; Schering-Plough) induction
to effect and maintained on isoflurane gas
(IsoFlo; Abbot Animal Health). Magnetic
resonance imaging (MRI) of the brain was
performed with a 1·5 Tesla superconduct-
ing magnet (Wipro GE Healthcare 1.5T
signa MRI) using a human extremity coil.
A standard brain protocol was performed
including the following pulse sequences:
pre- and post-contrast (following intra-
venous administration of 0·1 mmol/kg
gadopentetate dimeglumine [Omniscan;
Nycomed]), T1-weighted, T2-weighted,
T2*-gradient echo and proton density
images.

A 2 cm solitary intra-axial mass was
detected within the ventrolateral aspect of
the left frontal lobe with extensive white
matter oedema. The mass was complex in
structure with a thin capsule of hyper-
intense tissue on T1- and T2-weighted
images. The periphery of the mass was
isointense to grey matter on T2-weighted
images and slightly hyperintense on T1-
weighted images. The centre of the mass
was irregular with predominantly low to
mid signal intensity on T2-weighted scans

with interspersed areas of hyperintensity.
On T1-weighted scans, the centre of the
mass was isointense to grey matter with
focal mild hyperintensities. The mass was
predominantly hypointense on gradient
echo images with the exception of a small
ovoid area ventrolateral to the right of the
mass which was hyperintense. Post-
contrast images showed mildly increased
meningeal enhancement but no enhance-
ment of the mass. A diagnosis of subacute
intracerebral haemorrhage was made based
on these MRI findings.

A clotting profile revealed a markedly
prolonged prothrombin time (PT) of 48
seconds (reference range seven to 10 sec-
onds), activated partial thromboplastin
time (APTT) of 51·3 seconds (reference
range 11 to 18 seconds) and thrombin
clotting time (TCT) of 27 seconds 
(reference range four to 6·5 seconds). 
Differentials included disorders of the
common clotting pathway such as con-
genital coagulation disorders (Factor I and
X deficiency), vitamin K antagonism, 
hepatobiliary disease and disseminated
intravascular coagulation due to inflam-
matory, infectious, neoplastic or parasitic
disease. No additional diagnostic tests were
performed as the owners elected for
euthanasia due to the rapid progression of
the clinical signs. A postmortem examina-
tion confirmed an organising focal intra-
cerebral haemorrhage. A large haematoma
was present in the subcutis of the dorsal
lumbosacral area. There was also evidence
of prior haemorrhage and blood break-
down affecting lymph nodes and the uri-
nary bladder. An unexpected finding was
that of a myocarditis affecting the right
auricle and marked multifocal nematode
infection of the lungs with an associated
pulmonary vasculopathy (Fig 1). The 
parasites were confirmed to be A vasorum.ii 

Case 2
A four-year-old, male neutered cocker
spaniel was referred for investigation of a
13-day history of acute-onset left-sided
weakness, loss of vision in the left eye and
abnormal mental status. Seven weeks prior

Intracranial haemorrhage associ  21/1/05  11:58  Page 94



JOURNAL OF SMALL ANIMAL PRACTICE • VOL 46 • FEBRUARY 2005 95

to this onset, the owners described a 12-
hour period of bilateral dorsal strabismus,
but no trauma or health problems were
reported prior to the onset. The animal’s
vaccinations were up to date and, as in case
1, there had been no known exposure to
rodenticides. Investigations (complete
blood count and serum biochemical pro-
file) performed by the referring veterinar-
ian were all within normal limits.
Abnormalities noted on physical examina-
tion included a focal intra-retinal haemor-
rhage in the left dorsolateral tapetal
fundus. Neurological examination revealed
a depressed mental status, normal posture
and mild, left-sided hemiparesis. Hopping
and placement testing revealed severe pos-
tural reaction deficits on the left thoracic
and left pelvic limbs. Abnormalities on
cranial nerve examination included absent
menace response with normal pupillary
light reflex on the left eye, decreased facial
sensation on the left side and positional
ventral strabismus on the right eye on dor-
sal flexion of the head. Segmental spinal
cord reflexes were intact in all four limbs.
The neuroanatomical diagnosis was con-
sistent with a multifocal neurolocalisation
(right forebrain and brainstem). Differen-
tials were as documented for case 1.

A complete blood count and serum bio-
chemistry profile were performed and

found to be within reference ranges apart
from a moderate thrombocytopenia 
of 100�109/litre (reference range 200 
to 500�109/litre). Thoracic radiographs
revealed a mixed bronchointerstitial lung
pattern with multiple linear and ring
markings considered abnormal for the age
of the dog. There was mild right ventricu-
lar enlargement. Anaesthesia and an MRI
scan of the brain were performed as for
case 1. An irregular, globoid intra-axial
mass 1·5 cm in diameter was present
within the right temporal lobe white mat-
ter, causing a mild mass effect on the adja-
cent thalamus and right lateral ventricle.
The mass had a mixed signal intensity on
T2-weighted images with an irregular
hyperintense centre surrounded by a
hypointense rim and hyperintense peri-
lesional oedema. On T1-weighted images,
the mass was predominantly hyperintense
with a narrow hypointense rim (Fig 2a).
On gradient echo images, the lesion had a
hyperintense centre with an irregular, very
hypointense periphery (Fig 2b). Mild ring
enhancement was detected on T1-
weighted images after injection of contrast
medium. A second smaller hypointense
lesion within the white matter of the ven-
tral aspect of the right occipital lobe was
detected on gradient echo images. These
image findings were considered consistent

with subacute multifocal intracerebral
haemorrhages, based on the hyperintensity
seen on a T1-weighted image and
hypointensity seen on gradient echo and
T2-weighted images. 

Differentials considered for this
intracranial haemorrhage included pri-
mary (hypertensive) intracerebral haemor-
rhage and intracerebral haemorrhage
following coagulopathies, vasculitis, intra-
cranial tumour or rupture of a vascular
malformation. Clotting profile revealed a
markedly prolonged PT of 15·2 seconds,
an APTT of 22 seconds and a TCT of 22·5
seconds. The dog’s fibrin degradation
products (FDP) were assessed and found
to be over 1000 ng/ml (reference range
<250 ng/ml). The differential diagnosis
considered for this abnormal coagulation
profile was similar to the one described in
case 1. Chronic disseminated intravascular
coagulation (DIC) was suspected based 
on the elevated FDP, prolongation of the
clotting times and thrombocytopenia. A
faecal sample examined by the Baermann
technique was strongly positive for
Angiostrongylus larvae.

The dog was prescribed a seven-day
course of 50 mg/kg fenbendazole (Panacur
10 per cent liquid wormer; Hoechst) orally
once daily. One week later, the coagulation
profile was reported to be normal and the

FIG 1. Histological section of the lung obtained on postmortem examination of case 1. Haematoxylin & eosin. (A) Angiostrongylus vasorum larvae within
the lumen of a bronchus. �20. (B) Adult A vasorum in a pulmonary artery. �10
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dog was clinically normal at the referring
veterinarian’s neurological examination.
Repeat faecal analysis two weeks later was
negative for Angiostrongylus larvae.

Case 3 
A 14-month-old, neutered female
Staffordshire bull terrier was presented for
investigation of a 10-day history of inter-
mittent ataxia on all four limbs, circling,
lethargy, loss of vision and one episode of
collapse two days before presentation. The
owners noted no trauma or health prob-

lems prior to the onset. The animal’s vacci-
nations were up to date and there had been
no known exposure to rodenticides. 

On presentation, the physical examina-
tion the dog was normal. On neurological
examination, the dog was mentally dull.
Posture and gait were normal. Postural
reactions were abnormal on the left tho-
racic and left pelvic limbs. Spinal reflexes
were normal on all four limbs. Cranial
nerve examination revealed a decreased
menace response in the left eye, absent
menace response on the right eye and left

nasal hypaesthesia. A positional right-sided
rotatory nystagmus was noted on dorsal
flexion of the head. No other cranial nerve
abnormalities were noted. The neurological
examination supported a multifocal fore-
brain and brainstem neurolocalisation. Dif-
ferentials were as documented for case 1.aaa

Complete blood count and serum bio-
chemical profile were performed on admis-
sion. The complete blood count revealed a
mature neutrophilia of 20·1�109/litre
(reference range 4 to 12�109/litre), mild
anaemia with a reduced red blood cell
count of 4·8�1012/litre (reference range
5·5 to 8·5�1012/litre) and a reduced
haemoglobin concentration of 11·2 g/dl
(reference range 12 to 18 g/dl) and severe
thrombocytopenia of 39�109/litre. Serum
biochemistry was within normal limits.
Thoracic radiographs revealed an abnor-
mal lung pattern with a generalised
unstructured interstitial lung pattern with
ill-defined, diffuse increased opacity and a
small volume of pleural fluid. A moderate
bronchial pattern was superimposed over
the interstitial lung pattern (Fig 3). The
heart and pulmonary vasculature appeared
normal.

Anaesthesia and an MRI scan of the
brain were performed as for case 1. The

FIG 3. Lateral
thoracic
radiographs
obtained from
case 3. The main
feature is a
grossly abnormal
lung pattern with
a generalised
unstructured
interstitial lung
pattern with ill-
defined, diffuse
increased opacity.
Superimposed
over the
interstitial lung
pattern is a
moderate
bronchial pattern

FIG 2. Transverse (A) T1-weighted fast spin echo and (B) T2*-gradient echo magnetic resonance images of the brain at the level of the optic chiasm of
case 2. An ill-defined intra-axial mass (arrow), hyperintense in T1-weighted images with a narrow hypointense rim, is visible within the right temporal
lobe. On gradient echo images, the same mass has a hyperintense centre with an irregular, very hypointense periphery

BA
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MRI scans showed multifocal areas of
mixed signal with mass effect within the
cerebral cortex of the left frontal lobe and
right parietal lobe. The lesions appeared
irregular and ill-defined, with a mixed low
and high signal intensity on T2- and T1-
weighted images and uniform hypointen-
sity on gradient echo images suggestive of
subacute haemorrhage. The gradient echo
images showed, in addition to the two
larger areas of haemorrhage, multiple small
pinpoint areas of haemorrhage throughout
the forebrain. Extensive perilesional
oedema extended throughout the right
internal capsule. Intraventricular haemor-
rhage was present and was characterised by
increased signal intensity of T1-weighted
and fluid attenuated inversion recovery
(FLAIR) images and small areas of
decreased signal intensity on T2-weighted
and gradient echo images in the dependent
portion of the right lateral ventricle. 

The differential diagnosis considered
for this intracranial haemorrhage was simi-
lar to the one described in case 2. A clot-
ting profile revealed a markedly prolonged
PT of 40·0 seconds, an APTT of 37·5 sec-
onds and a TCT of longer than 120 sec-
onds. The dog’s FDPs were assessed and
found to be over 1000 ng/ml. The differ-
entials considered for this abnormal coag-
ulation profile were similar to those
described in case 1 and 2. Chronic DIC
was suspected based on the elevated FDP,
prolongation of the clotting times and
thrombocytopenia.

The dog was immediately given an
intravenous plasma transfusion at a dose of
2 ml/kg/hour (total dose 300 ml). A faecal
sample examined by the Baermann 
technique was strongly positive for
Angiostrongylus larvae. A seven-day course
of 50 mg/kg fenbendazole orally once daily
was prescribed. A repeated clotting profile
24 hours after the plasma transfusion
revealed a TCT of 10 seconds. The platelet
count, PT and APTT had returned to nor-
mal. At the time of discharge, five days
after admission, the neurological examina-
tion and clotting profile were normal.
Repeat faecal analysis two weeks after 

fenbendazole treatment was negative for
Angiostrongylus larvae. Repeat neurological
examination 10 weeks later was normal.aaa 

DISCUSSION

Non-traumatic intracerebral haemorrhage
is bleeding into the parenchyma of the
brain that may extend into the ventricles
and, in rare cases, the subarachnoid space.
Depending on the underlying cause of
bleeding, intracerebral haemorrhage can
be classified as either primary or secondary
(Qureshi and others 2001). Primary haem-
orrhage originates from the spontaneous
rupture of small vessels damaged predomi-
nantly by chronic hypertension and degen-
erative changes in cerebral arteries such as
amyloid angiopathy (Foulkes and others
1988). 

In contrast to the high incidence in
humans, intracerebral haemorrhage result-
ing from spontaneous rupture of vessels is
considered rare in dogs (Fankhauser and
others 1965). Secondary haemorrhage has
been reported in dogs in association with
various causes such as rupture of congeni-
tal vascular abnormalities (Fankhauser and
others 1965, Thomas and others 1997),
haemorrhage into primary and secondary
brain tumours (Fankhauser and others
1965, Joseph and others 1988), inflamma-
tory disease of the arteries and veins or
intravascular lymphoma (malignant
angioendotheliomatosis) (McDonough
and others 2002), brain infarction (haem-
orrhagic infarction) (Tidwell and others
1994) or impaired coagulation (Joseph
and others 1988, Dunn and others 1995).
Clinical studies of cerebrovascular disease
such as intracerebral haemorrhage in dogs
consist mostly of isolated case reports, and
large-scale studies on this subject are 
currently lacking. 

MRI findings in these three cases were
considered consistent with cerebral haem-
orrhage mainly on a combination of gradi-
ent echo, T1- and T2-weighted signal
intensities of the lesion, mass effect, loca-
tion of the lesion and acute to subacute

onset of the clinical signs. The two most
important biophysical properties in the
generation of signal intensity patterns on
MRI scans seen in evolving intracranial
haematomas are the paramagnetic effects
of iron associated with the changing oxy-
genation states of haemoglobin and the
integrity of red blood cell membranes that,
when intact, compartmentalise the para-
magnetic iron (Atlas and Thulborn 2002).
However, the signal intensity of intracra-
nial haemorrhage is also influenced by sev-
eral intrinsic (time from ictus, source, size
and location of haemorrhage) and extrinsic
(pulse sequence and field strength) factors
(Zimmerman and others 1988). The
causes of these intrinsic and extrinsic varia-
tions in haematoma intensity are difficult
to evaluate with clinical studies, since it is
frequently impossible to precisely ascertain
the interval between haemorrhage and
MRI scanning. 

Gradient echo sequences have been
proven to be the most accurate of all of the
MRI pulse sequences, and more accurate
than computed tomography, in predicting
the extent of haemorrhage on pathological
examination in a dog model (Weingarten
and others 1991). Compared with other
sequences, gradient echo scans readily
demonstrate detectable hypointensity,
regardless of the time from ictus, the
source and location of haemorrhage, or the
field strength (Weingarten and others
1991). Hyperintensities on gradient echo
images are, however, not specific for haem-
orrhage and may also be seen with calcifi-
cation, air, iron, foreign bodies and
melanin (Atlas and Thulborn 2002). Air,
calcification and foreign bodies would also
normally be hypointense on all the pulse
sequences (Atlas and Thulborn 2002).

Marked hyperintensity on T1-weighted
scans was observed in two of the three cases
presented here. This hyperintensity in T1-
weighted scans is present whenever
methaemoglobin exists and thus is seen
mainly during the first few days of the 
disease (early subacute haematoma) (Atlas
and Thulborn 2002). Hyperintensity
within the brain parenchyma in 
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T1-weighted scans is abnormal. In addi-
tion to haemorrhage, it may be seen with
fat, flow artefacts, very high non-paramag-
netic protein content, intra-tumoural
melanin, contrast agent and calcification.
The pattern of signal intensity observed on
the T2-weighted scans appeared variable
between cases.

The demonstration of high levels of
FDPs, decreased numbers of platelets and
the prolongation of the clotting times in
the three presented cases demonstrated
that the coagulopathy was associated with
DIC. This common consumptive coagu-
lopathy results from a wide variety of
causes including infection, inflammation,
neoplasia and parasitism (Welles 1996).
The basic process depends on the release of
thromboplastic substances from damaged
tissue, resulting in the activation of the
coagulation process and the formation of
fibrin, in the course of which clotting fac-
tors and platelets are consumed (Greene
1975). As a pathophysiological mecha-
nism, DIC is seldom primary. It is usually
an intermediary or secondary condition
that accompanies various pathological
conditions and virtually any mechanism
that produces tissue damage can result in
the release of tissue thromboplastins into
the circulation (Slappendel 1988). 

The essential pathological change in
DIC is the occurrence of widespread fibrin
thrombi in small vessels, resulting in
numerous small infarctions of many
organs, including the brain. The main rea-
son for the haemorrhage is the consump-
tion of platelets and various clotting factors
that occurs during fibrin formation
(Adams and others 1997). 

Pathology and clinical reports have
indicated that there might be a possible
relationship between A vasorum infection
and host coagulation abnormalities
(Schelling and others 1986, Ramsey and
others 1996, Gould and McInnes 1999).
In addition, thrombocytopenia (in the
absence of prolongation of clotting times)
has been associated with this parasite and
attributed to the presence of antiplatelet
antibodies (Gould and McInnes 1999).

Coagulation abnormalities in dogs
infected with A vasorum have been attrib-
uted to excessive intravascular coagulation
in a naturally occurring case of angio-
strongylosis (Ramsey and others 1996).

The role of coagulation defects in the
pathogenesis of angiostrongylosis has been
described by Schelling and others (1986)
in an experimentally infected dog with A
vasorum. In addition, Caruso and Prest-
wood (1988) demonstrated deposits of
immunoglobulins, complements and fib-
rinogen in the alveoli, bronchial lining and
tunicae intima of blood vessels in lungs of
dogs experimentally infected with A vaso-
rum. It has been suggested that the intrin-
sic pathway might have been activated by
complement-mediated damage to vascular
endothelium resulting in potential colla-
gen exposure to the blood as well as by the
presence of vascular luminal immune
deposits. The extrinsic pathway might
have been activated by the release of
thromboplastin from damaged tissue, such
as that which occurs with complement fix-
ation (Caruso and Prestwood 1988). The
continued presence of fibrinogen as the
predominant protein deposited suggested
a continuation of intravascular coagulation
(Caruso and Prestwood 1988). The activa-
tion of the clotting cascade produces an
intravascular consumptive coagulopathy
characterised by thrombocytopenia with
prolongation of APTT and PT, as
observed in the three cases presented in
this report. 

The management of chronic DIC is
aimed primarily at identifying and correct-
ing the underlying cause. As the major
cause of the bleeding is a depletion of clot-
ting factors, the replacement of these fac-
tors by the administration of fresh plasma is
the most important aspect of therapy. This
allowed sufficient time for the diagnosis of
the underlying cause to be made in case 3.
Oral treatment with 50 mg/kg fenbenda-
zole once or twice daily for one week or
subcutaneous treatment with 0·2 mg/kg
ivermectin twice at an interval of approxi-
mately one week have both been advocated
to treat angiostrongylosis (Bolt and others

1994). Compared with levamisole, fenben-
dazole is thought to have a much higher
therapeutic index and to exert its effect
more slowly, and is therefore proposed to
reduce the risk of side effects or anaphylaxis
due to the sudden release of large amounts
of immunogenic worm fragment antigen
(Drade and Guirand 1977). 

A definitive diagnosis of A vasorum
infection can be difficult to establish.
Although not specific, radiographic evi-
dence consists of diffuse bronchial and
interstitial patterns, small areas of alveolar
pattern and occasionally nodular inter-
stitial infiltrates. Lung disease is most
severe radiographically at seven to 10
weeks post-infection when the alveolar
pattern predominates and is associated
with haemorrhage into the alveolar spaces
during the onset of patency (Mahaffey and
others 1981). In this respect, the pattern
may resemble that observed in cases of
rodenticide poisoning. However, rodenti-
cide poisoning without a known history of
exposure is thought to be rare. The histori-
cal, clinical and radiographic findings may
lead to angiostrongylosis being included in
the differential diagnosis of a coagulopathy
as observed in the dogs presented here.
Positive identification of A vasorum larvae
in bronchoalveolar washes or faecal sam-
ples is the best method of diagnosis when
the infection is patent (Bolt and others
1994).ii 

Finally, A vasorum has been reported in
the UK in Cornwall (Jones and others
1980, Simpson and Neal 1982, Martin
1989, Martin and Neal 1992, Martin and
others 1993), south Wales (Patteson and
others 1987), south east England (Cobb
and Fisher 1990) and more recently Surrey
(Chapman 2004). However, it seems likely
from the increasingly wide variety of areas
from which cases are being reported that
the geographical range of the parasite
within the UK is either more widespread
than previously supposed or that its geo-
graphical distribution has spread in recent
years. The dog in case 1 had been born and
lived in the west midlands of England with
no travel history to endemic areas. On
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questioning the owners, the dog in case 2
had recently spent time in Bridport,
Dorset, a known endemic area. The dog in
case 3 had also spent regular time over the
previous few months in Surrey. 

Conclusions
This case series indicates that A vasorum
infection should be considered as a possi-
ble aetiology of intracranial haemorrhage
in dogs.
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