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Introduction

Melarsomine dihydrochloride, an arsenic-containing anthel-
minthic used as an adulticide in the treatment of Dirofilaria
immitis (canineheartworm),hasanarrowsafetymarginwitha
complication rate as high as 66%.1–3 In addition to common
complications of thromboembolism and local irritation at the

injection site, melarsomine dihydrochloride administration
has been associated with epidural steatitis, resulting in spinal
cordcompressionandparaparesis.2,4,5Theuseofmelarsomine
requires strict adherence to administration protocols to mini-
mize risk of complications. Melarsomine is injected deep into
thebellyofepaxialmuscles between the third andfifth lumbar
vertebrae. Three injections are performed, alternating sides
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Abstract This is a retrospective case series in which clinicopathological and imaging findings
associated with neurological complications secondary tomelarsomine dihydrochloride
administration are reported in two dogs with Dirofilaria immitis infection. Following
intramuscular injection of melarsomine dihydrochloride based on manufacturers’
guidelines, two dogs developed acute, progressive, nonambulatory paraparesis or
paraplegia. Magnetic resonance imaging was suggestive of epidural steatitis, resulting
in compression of the spinal cord and spinal cord oedema. In one dog, emphysematous
myositis throughout the lumbar paravertebral muscles was present. Hemilaminectomy
with the intent of achieving spinal cord decompression and obtaining specimens for
microbiological and histopathological evaluationwas performed in both dogs. One dog
partially regained function postoperatively whereas the other was euthanatized intra-
operatively. Histologically, epidural steatitis was observed in the surviving dog and
epidural steatitis, myonecrosis and grey and white matter changes in the spinal cord
were observed in the euthanatized dog. Microbiological testing failed to identify
bacteria from the affected tissues. Both cases highlight the potential for the develop-
ment of extensive epidural steatitis and consequent spinal cord compression following
intramuscular administration of melarsomine dihydrochloride. Further investigation
into the optimal therapeutic intervention in dogs experiencing neurological compli-
cations following melarsomine administration is warranted.
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with each injection. The second injection occurs 30 days
following the first injection, and the third injection occurs
1 day following the second injection. A 22 gauge, 1 ½ inch
needle is used for dogs> 10 kg (kg).1

This report describes two dogs that developed extensive
epidural steatitis and compressivemyelopathies. Additionally,
one of the dogs developed severe emphysematousmyositis of
the adjacent lumbar paravertebral musculature. We describe
the clinical findings, magnetic resonance imaging (MRI) find-
ings, histopathological findings and outcomes following sur-
gical exploration and decompressive hemilaminectomies.

Case Description

Case 1
An adult (unknown age), neutered male 17 kg Brittany
spaniel was evaluated at the University of Georgia (UGA),
Veterinary Teaching Hospital for a 2-week history of pro-
gressive nonambulatory paraparesis. Two weeks prior, the
dog tested positive for Dirofilaria immitis (D. immitis) infec-
tion by the referring veterinarian (rDVM) based offD. immitis
antigen detection in whole blood and received melarsomine
dihydrochloride (Immiticide Merial, Duluth, Georgia, United
States) in accordance with the manufacturer’s instructions
(2.5mg/kg intramuscularly into the left epaxial muscles; this
would have been the first of three melarsomine injections.
The second injection would have been administered 30 days
after the first injection, and the third injection would have
been administered 1 day after the second injection). Four
minutes later, the dog displayed left pelvic limb lameness.
The dog was treated with carprofen (2.2mg/kg per os [PO]
every 12 hours) and gabapentin (10mg/kg PO every 8 to
12 hours) for 12 days; however, the signs progressed to
nonambulatory paraparesis.

On presentation to UGA physical examination was normal.
On neurological examination, the dog was nonambulatory
paraparetic. The pelvic limbs had absent postural reactions,
reduced patellar and withdrawal reflexes, reduced muscle
tone and diffuse muscle atrophy. Anal sphincter tone and
perineal reflex were normal. The anatomic diagnosis was
consistent with a lesion affecting the spinal cord segments
between the fourth lumbar spinal cord segment (L4) through
the first sacral spinal cord segment (S1), the respective spinal
nerve roots and nerves or the femoral and sciatic nerves.
Primary differential diagnoses included spinal cord thrombo-
embolism (vascular differential), epidural steatitis (infectious/
non-infectious inflammatory differential) or direct injection
into the vertebral canal (traumatic differential). Other consid-
ered differential diagnoses included aberrant heartworm
migration, intervertebral disc herniation or meningomyelitis.

A haematology disclosed a leucocytosis (white blood
cell count 23.8� 103 cells/µL; [reference range, 5.5–
13.9� 103 cell/µL]) with neutrophilia (16.103 cells/µL;
[reference range, 2.9–12� 103 cell/µL]), elevated band
neutrophil count (0.714� 103 cell/µL; [reference range, 0–
0.45� 103 cell/µL]) and a haematocrit of 28.1% (reference
range, 36.6–59.6%). A serum biochemical profilewas normal.
A creatine kinase level was not measured.

Under general anaesthesia, MRI (3.0T Seimens Skyra,
Siemens Medical Solutions, Malvern, Pennsylvania, United
States) of the thoracolumbar vertebral column from the first
thoracic (T1) vertebra to the sacrum was performed. The
following sequences were acquired: sagittal and transverse
T2-weighted (T2W) images using the Dixon technique for fat
suppression, two-dimensional multi-echo data image combi-
nation images and T1-weighted (T1W) images prior to and
after intravenous (IV) administration of gadopentetate dime-
glumine 0.2mmol/kg (Magnevist, Bayer Health Inc., Whip-
pany, New Jersey, United States). Extending from the tenth
thoracic (T10) vertebra to the mid-body of the third lumbar
(L3) vertebra, the dorsal epidural space was expanded by
abnormal appearing epidural fat that resulted in dorsal extra-
dural compression of the spinal cord. The dorsal epidural fat
was heterogeneously T2-hyperintense relative to normal epi-
dural fat and retained aheterogeneous signal intensityonT2W
images acquired with fat suppression; hypointense areas
remained hypointense, whereas some areas of high signal
intensity were suppressed compared with T2W images ac-
quired without fat suppression. In other areas, the signal
intensity remained T2-hyperintense (►Fig. 1). There was
attenuation of the signal fromcerebrospinalfluid and epidural
fat ventrally. Subjectively, the epidural space lateral to the
spinal cord also was expanded bilaterally, giving the appear-
ance of circumferential spinal cord compression. Epidural fat
with similar signal characteristics but without compression of
the nervous tissues was also present from the L5 vertebra to
the lumbosacral junction. From the T4 to T10 vertebrae, the
spinal cord was T2-hyperintense without contrast enhance-
ment (►Fig. 1). On two-dimensional multi-echo data image
combination images, the epidural fat had hypointense foci
consistent with blood products (►Fig. 2). The epidural fat
displayed heterogeneous contrast enhancement.

A left-sided hemilaminectomy from T12 to L3 vertebra
was performed. The epaxial muscles overlying the L3 and L4
vertebrae appeared dark purple. At the site of spinal cord
compression, the epidural fat was tan to dark brown, subjec-
tively with a firm texture and occupying a larger amount of
the epidural space than normal, resulting in spinal cord
compression. The epidural fat was dissected from the grossly
normal appearing dura mater and was submitted for micro-
biology and histology.

Postoperatively, the dog was treated with fentanyl (2–4
µg/kg/h IV as a constant rate infusion) and dexamethasone
sodium phosphate (0.1mg/kg IV every 24 hours) for 2 days
followed by prednisone (0.5mg/kg PO every 24 hours for
5 days, 0.25mg/kg PO for 5 days, 0.25mg/kg PO every other
day for 5 days).

Aerobic culture of the epidural fat yielded no bacterial
growth. Histopathological evaluation disclosed necrotic adi-
pose tissue composed of individual adipocytes surrounded
by granular hypereosinophilic necrotic material and variable
numbers of degenerate neutrophils.

Three days postoperatively, the dog was less paraparetic
but still nonambulatory. Five days postoperatively, the dog
was discharged. Six months following initial evaluation, the
dog remained nonambulatory paraparetic.
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Case 2
An adult (unknown aged) neutered male mixed breed dog
weighing15 kgwas referred for evaluationofa2-dayhistoryof
progressive paraparesis. Two months prior, the dog tested
positive for D. immitis infection and was administered mel-
arsomine dihydrochloride (2.5mg/kg IV in the right lumbar
epaxialmuscles between the third andfifth lumbar vertebrae)
by the rDVM. One month later, a second injection followed

24 hours later by a third injection was administered into the
right and left epaxial musculature respectively. Within
18 hours of the third injection, the dog was lame in the left
pelvic limb,whichprogressed toparaplegia over several hours.
The following day, the dog was referred.

On physical examination at UGA, the lumbar epaxial
musculature was enlarged, painful and had palpable subcu-
taneous emphysema. The dog’s rectal temperaturewas 40°C.
On neurological examination, the dog was paraplegic with
normal pelvic limb sensation. The patellar, withdrawal and
perineal reflexes and pelvic limbsmuscle tonewere reduced.
External anal sphincter and tail tone were decreased. The
anatomic diagnosis was consistent with a lesion affecting L4
through caudal spinal cord segments, the respective spinal
nerve roots, spinal nerves or nerves of the pelvic limbs, anal
sphincter and tail. Differential diagnosis was the same as in
case 1. However, the presence of tissue gas suggested the
presence of anaerobic myositis.

A haematology was normal. Serum biochemical profile
disclosed an elevated alanine transaminase (465 U/L; refer-
ence range, 10–116 U/L). A creatinine kinase level was not
measured. The dog’s urinewas red coloured, and cytologically,
red blood cells were absent, supportive of myoglobinuria.
Thoracic and abdominal radiographs disclosed gas in the left
lumbar epaxial muscles (►Fig. 3).

Under general anaesthesia, MRI of the thoracolumbar
vertebral column from the T1 vertebrae to the sacrum was
performed. The same sequences were acquired as in case 1
with the addition of a three-dimensional half-Fourier acquisi-
tionsingle-shot turbo spinechosequence. Fromthelevel of the
T12 vertebra to the sacrum, the axial muscles were enlarged
and had heterogeneous signal intensity on T2W and T1W
images. Areas of signal voidwere present in the subcutaneous
tissues and axialmuscles on all sequences, consistent with the
gasvisualizedradiographically. Like case1, theepidural fathad
heterogeneous signal intensity. Subjectively, the epidural
space was enlarged, with multifocal areas of T2-hypointense
issue, giving the appearance of circumferential spinal cord
compression. The spinal cordwas hyperintense from the T9 to
L4 vertebrae on a three-dimensional half-Fourier acquisition
single-shot turbo spin echo sequence (►Fig. 4).

Surgical explorationwaspursuedwith the intent to debride
and irrigate presumed anaerobic infection in the epaxial
muscles, to decompress the spinal cord and to obtain speci-
mens formicrobiological andhistopathological evaluation. The
subcutaneous fat and epaxial muscles had a haemorrhagic
appearance, yet bleeding of incised tissue was not observed.
The epaxial muscles were diffusely brown coloured, soft and
malodorous. With palpation, gas bubbled up through the
muscle. The entire left epaxial muscle system from the L1 to
the L5 vertebrae was resected. A left hemilaminectomy was
made from the L1 to the L5 vertebrae. Subjectively, the cancel-
lous vertebral bonedidnot bleed. The epidural fatwasfirm, tan
and easy to remove (►Fig. 5). Specimens of muscle and
epidural fat were submitted for microbiology and histopathol-
ogy. Given the gross appearance of widespread avascular
necrosis of the tissue and the severity of the dog’s neurological
signs, the prognosis was considered poor. Consequently, the

Fig. 1 (A) On the sagittal T2-weighted image from T11 through L3
vertebrae, there is expansion of the dorsal epidural space by epidural
fat with a heterogeneous signal intensity (epidural space between the
braces) that causes compression of the underlying spinal cord. Areas
of spinal cord appear T2-hyperintense (arrow). (B) The T2-hyper-
intensity in the spinal cord (arrow) extends to approximately the T4
vertebra (open arrowhead) on the sagittal T2-weighted images from
T1 through to the L1 vertebra. (C) Within the region from T11 through
L2 vertebra, the post contrast T1-weighted sagittal images obtained
with fat saturation reveal enhancement of the meninges (open
arrowheads), periosteum of the vertebral canal (white arrowheads)
and areas of the epidural fat (arrow).

Fig. 2 (A) On the sagittal T2-weighted image with fat suppression
from T12 through to the L2 vertebrae, the spinal cord is dorsally
compressed by an expanded epidural space (between arrowheads)
containing abnormal epidural fat with a heterogenous signal intensity
(area between braces) consistent with oedema or cellular infiltrate.
(B) Areas of hypointensity within the dorsal epidural fat (affected
epidural space is between the braces and arrowheads) on the two-
dimensional multi-echo data image combination which is consistent
with blood products.
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owner elected humane euthanasia via overdose injection of
pentobarbital solution.

At necropsy, the remaining left epaxial and hypaxial
muscles from the level of the last rib to the ilium were
grossly oedematous, mottled brown, friable andmalodorous.

There was a rent in the peritoneum underlying the necrotic
muscle, allowing visualization of the abdominal cavity. There
was multifocal to coalescing haemorrhage in the left retro-
peritoneal space. The epidural fat along the lumbar spinal
cord was also oedematous and congested. There was no

Fig. 4 (A) A sagittal T2-weighted image from themidbodyof T11 through the L3 vertebra. The spinal cord is compressed ventrally by the dorsal epidural space
which is expandedbyabnormal epidural fat (openarrow). Areas of T2-hyperintensity arepresent in the spinal cord (arrowhead). Punctatehypointensities (signal
void) are seen in the subcutaneous fat (whitearrow)consistent withgaswithin the tissue. (B) Enhancementof themeninges (openarrowheads), the spinal cord,
areas of epidural fat and the lumbar hypaxial (asterisk) is observedonpost contrast T1-weighted imageswith fat saturation. (C) Hyperintensity of the spinal cord
consistent with oedema is more conspicuous using a three-dimensional half-Fourier acquisition single-shot turbo spin echo sequence sequence (white
arrowhead). (D) On T2-weighted transverse images at the level of the caudal aspect of the L3 vertebra, the left epaxial muscles are swollen and hypointense
(asterisk) compared with the right side. There are focal areas of oedema in the right epaxial muscles (arrowhead). The spinal cord is deviated to the right by
heterogeneouslyhyperintenseepidural fat (openarrow). (E)On theT2-weighted transverse imageusing fat suppressionat the same locationas inpanelD, there
is contrast enhancementpresent in theepaxial (arrowhead) andhypaxialmuscles (whitearrow)with faint enhancement alsopresent in theepidural space (black
arrow).

Fig. 3 Lateral radiograph. Gas within the musculature of the lumbar vertebral column is evident on a lateral radiograph from T10 through the
sacrum and first two caudal vertebrae.
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growth on aerobic and anaerobic cultures on post-mortem-
collected affected muscle, and Clostridium chauvoei fluores-
cent antibody test was negative as well.

On microscopic evaluation, widespread fibrinoid vascular
necrosis with multifocal thrombi and haemorrhage was
present in the epaxial muscles, obliterating myofiber archi-
tecture. In less affected epaxial muscle, necrotic debris,
degenerate neutrophils, fibrin and foamy macrophages ex-
panded the perimysial connective tissue. Acute changes of
myofiber degeneration, coagulative necrosis and myofiber
drop-out also were present with variable regeneration and
fibrosis. The epidural fat was effaced by haemorrhage
admixed with fibrin, cellular debris, neutrophils, lympho-
cytes, macrophages and plasma cells. Inflammation infiltrat-
ed the dura mater and surrounded the spinal ganglia.
Haemorrhage was present in the lumbar spinal cord grey
matter along with myelin sheath swelling and spheroids. No
bacteria were visualized histologically.

Discussion

To the authors’ knowledge, the severity and extent of the
clinicopathological and imaging findings on MRI involving
the epaxial muscles, epidural space and the spinal cord have
not been reported as a complication to melarsomine injec-
tion. Previous reports have documented focal epidural stea-
titis in proximity to the injection site, thought to be a result of
drug extension along spinal nerves, direct injection into the
vertebral canal or aberrant heartworm larval migration.4–6

In contrast, the dogs herein had extensive epidural steatitis
and a consequent compressive myelopathy. Transverse mye-
litis is a rarely reported complication described in people
receiving intramuscular injections of steroids or antibiotic
medications with aberrant injection into nerve roots.7 Ulti-
mately, the MRI findings combined with the progressive
course of clinical signs provided the impetus for pursuing
extensive surgical decompression along the entire length of
compression of the spinal cord identified on MRI.

Decompressive surgery has resulted in improved neurolog-
ical function in dogs with neurological dysfunction secondary
tomelarsomine.4,5Although decompressive surgerymay have
attributed to the improvement in case 1, the impact of
corticosteroid therapy postoperatively likely played a role in
the dog’s improvement.4 Given that the dog’s ability to walk
was not restored, a potentially irreversible pathological effects
on the spinal cord likely had occurred.

It is possible that case 2 represents a more severe form of
the sterile epidural steatitis and myositis.2,4,5 However, the
tissue gas is difficult to reconcile without concurrent anaer-
obic infection. The odour, gross and histological findings of
the epaxial muscles were suggestive of infection with a
Clostridium species. Although bacteria were not isolated,
this may have been a consequence of aerobic culture of an
anaerobic bacterial species.

The source of an anaerobic infectionmay have been due to
contamination of the drug vial, needle and/or syringe, which
were unfortunately discarded and not cultured. However, in
horses, intramuscular injection-associated clostridial myo-
sitis is thought to occur as a result of activation of dormant
intramuscular clostridial spores.8–10Muscular injury, such as
an injection or tissue reaction to a drug, may lead to necrosis,
which creates an anaerobic environment that favours prolif-
eration and exotoxin formation.8

The MRI findings aided in determining the extent of the
hemilaminectomy needed to decompress the spinal cord.
The determination for the need and extent of decompressive
surgery as well as the time between the development of
neurological signs and surgery in order for a successful
outcome necessitates more experience. The lack of improve-
ment in the one dog surviving surgery questions the utility of
surgery in dogs with severe clinical signs. The development
of fever, myalgia and tissue emphysema at an injection site is
highly suggestive of Clostridium infection and should prompt
immediate action to attenuatemyonecrosis. Obtaining speci-
mens for anaerobic culture should be performed in animals
with tissue gas accumulation.

This report highlights a severe complication of melarso-
mine that reinforces its low margin of safety. Strict adher-
ence to manufacture instructions is critical to avoid
administration-related complications. Injection into appen-
dicular muscles results in a significant, protracted lameness.
Injection into subcutaneous tissues leads to formation of a
sterile abscess. Intravenous injection is fatal.1 Drug mishan-
dling or inappropriate administration was not suspected in
these cases. Therefore, clinicians should be aware that even
with correct administration, severe neurological complica-
tions can result from use of melarsomine.
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