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Neurologic complications
after melarsomine dihydrochloride treatment
for Dirofilaria immitis in three dogs
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» In dogs, neurologic signs may develop after admin-
istration of melarsomine dihydrochloride.

» Severity of clinical signs does not always correlate
with a poor prognosis.

» To avoid complications, manufacturer's recom-
mendations regarding drug administration should
be strictly followed.

n 11-year-old spayed female Dalmatian weighing

30 kg (66 lIb) was evaluated by the neurology ser-
vice at Texas A&M University because of progressive
hind limb ataxia of 1 week’s duration. Two months
previously, heartworm infection (unassociated with
clinical signs) was diagnosed in this dog. Treatment
of this dog for Dirofilaria immitis was undertaken by
the referring veterinarian and consisted of an injec-
tion of melarsomine dihydrochloride® (2.5 mg/kg
[1.14 mg/lb], IM) into the left epaxial muscles. This
was followed by a second injection into the same
muscular region 6 weeks later and a third injection
into the right epaxial muscles the day after the second
injection. During the third treatment, the dog strug-
gled and had to be restrained by several people to
complete the injection. Within hours of the last injec-
tion, the dog became ataxic and had marked signs of
pain. During the next week, no improvement was
detected in these clinical signs; the dog was ataxic,
had difficulty rising, and remained recumbent for
most of the time. During that period, treatment
involved supportive care and administration of
aspirin every 4 hours (dosage unknown).

On physical examination at the time of referral,
the dog was obese, paraparetic, and had signs of anxi-
ety and depression. Auscultation revealed a grade
III/VI systolic murmur over the left apex of the heart.
Results of a neurologic examination indicated severe
paraparesis. Proprioceptive deficits were detected in
the hind limbs (greater in the right hind limb), and
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postural reactions were delayed. Segmental spinal
reflex evaluation revealed slightly increased patellar
and gastrocnemius reflexes and decreased flexor with-
drawal reflexes in both hind limbs. The cutaneous
trunci reflex was absent caudal to the L3 vertebral body
on the right side. Paraspinal hyperesthesia was induced
on palpation of the lumbar spine and dorsal flexion of
the tail.

A lesion of spinal cord segments T3 through L3
was suspected because of the increased patellar and
gastrocnemius reflexes. There also appeared to be
involvement of spinal cord segments L4 through S2
because of the decreased flexor reflex and the signs of
pain that were elicited via dorsal flexion of the tail.
Differential diagnoses included intervertebral disk dis-
ease, neoplasia, inflammatory or infectious disease,
vascular compromise, and trauma.

A CBC, serum biochemical profile, urinalysis, and
bacteriologic culture of urine were performed.
Abnormal findings detected via the CBC were an
inflammatory leukogram and mild anemia. Results of
serum biochemical analyses and urinalysis indicated
no notable abnormalities. Thoracic radiography was
performed and revealed normal findings. A sample of
CSF was obtained from the cerebromedullary cistern;
the fluid was colorless and clear, with concentrations
of 2 WBC/UL (reference limit, < 5 WBC/uUL), 4 RBC/uL
(reference limit, < 5 RBC/UL), and 39 mg of protein/dL
(reference limit, < 25 mg/dL). Cytologic analysis
revealed many macrophages with heavily vacuolated
cytoplasm, which suggested that they were activated.

Survey radiographs of the vertebral column
revealed spondylosis deformans ventrally and degener-
ative changes involving the articular processes through-
out the cervical, thoracic, and lumbar regions of the
vertebral column. Sclerosis of the vertebral body end-
plates at L7 through S1 was detected; 2 vestigial, par-
tially mineralized ribs at T13 were also found.
Myelography was performed after iohexol” (0.45 mI/kg
[0.2 mL/lb]) was injected via the L5-6 intervertebral
space into the ventral subarachnoid compartment.
Thinning of the dorsal column of contrast media was
noted from T12 through L2; the spinal cord was shifted
to the left from the level of T12 vertebra caudally along
its entire length. A focal compressive lesion was not
noted throughout this section of spinal cord. The cauda
equina was deviated dorsally by a ventral extradural
compression at the L7-S1 disk space.

After the myelogram was completed, a computed
tomographic scan of the vertebral column from verte-
brae T12 through L2 was performed. Abnormal atten-
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uation of the epaxial musculature was identified bilat-
erally (worse on the right; Fig 1). The spinal cord was
observed along the left side of the vertebral canal. A
space-occupying soft tissue mass was evident on the
right side of the spinal canal throughout this region.
Measurements of x-ray attenuation (in Hounsfield
units [HU]) for this mass were suggestive of an exten-
sive paraspinal soft tissue mass inconsistent with nor-
mal epidural fat (normal epidural fat: =10 to —-100 HU;
soft tissue mass: +34.7 to +75.6 HU). A biopsy speci-
men of the spinal mass was obtained via a right hemil-
aminectomy at intervertebral space T12-13. During
dissection, brownish, opaque fluid was observed origi-
nating from the epaxial muscles. A sample of the fluid
was submitted for aerobic bacteriologic culture but
yielded no growth after 72 hours. Within the vertebral
canal, the epidural fat was firm and adhered to the
dura. The dura mater was normal in appearance.
Samples of the epidural tissue and bony fragments of
the adjacent vertebrae were submitted for histologic
evaluation. The surgical site was closed in a routine
manner, and the dog recovered from anesthesia with-
out complications.

Histologic examination of the epidural tissue
revealed adipose tissue with chronic suppurative
inflammation and fibroplasia; no neoplastic cells were
detected, and special stains yielded no evidence of fun-
gal or bacterial organisms. The spinal bone fragments
were composed of mature lamellar bone with no appar-
ent abnormalities.

Pain management consisted of oxymorphone (0.05
mg/kg [0.023 mg/lb], IM, q 4 to 6 h) for the first 24
hours postoperatively and, after that, butorphanol (0.34
mg/kg [0.15 mg/lb], PO, q 8 to 12 h) for 4 days. Because
bacteriologic culture of urine yielded growth, broad-
spectrum antimicrobial treatment was initiated; the dog
received amoxicillin (20 mg/kg [9 mg/lb], PO, q 8 h)
and enrofloxacin (4.5 mg/kg [2 mg/lb], PO, q 12 h) for

Figure 1—Axial computed-tomographic image (soft tissue win-
dow) of the vertebral column with contrast agent at the level of
L2 in a dog with neurologic complications secondary to an IM
injection of melarsomine dihydrochloride. Notice the peripheral
enhancement of the epaxial musculature on the right side with
hypoattenuating soft tissue centrally (arrows). The spinal cord
was displaced to the left within the vertebral canal. L = Left. Top
of image = Dorsum of dog.

10 days. Three days after surgery, carprofen (2.5 mg/kg,
PO, q 12 h, for 10 days) was added to the pain man-
agement. At this time, conscious proprioception and
motor function were slightly improved, and the dog
was discharged to the owner. Two weeks later, the
owner reported that the dog appeared to be normal,
with no apparent signs of ataxia or difficulty climbing
up and down stairs. Fourteen months after discharge,
the owner reported that the dog had remained very
active with normal motor function and no apparent
proprioceptive deficits.

A 1.5-year-old sexually intact male terrier mixed-
breed dog weighing 6.2 kg (13.6 Ib) was evaluated at
the Louisiana State University Veterinary Teaching
Hospital and Clinic for staging and treatment of heart-
worm disease. During a routine health maintenance
appointment, tests performed on the dog had yielded
positive results for adult heartworms and circulating
microfilariae. The owner had noted no signs of sys-
temic illness in the dog, except for an occasional
cough. Before treatment, tests to determine the stage of
the disease were performed; these included a CBC,
serum biochemical analyses, urinalysis, an ECG, and
thoracic radiography. With the exception of a low-
grade inflammatory leukogram, laboratory results for
urine, blood, and serum samples were within reference
limits. The lead-II ECG tracing was normal. Thoracic
radiography revealed slight enlargement of the left
caudal mainstem pulmonary artery, with mildly
increased bronchial and interstitial markings through-
out all lung fields. These findings were consistent with
heartworm disease.

Adulticide treatment was performed; 2 injections
of melarsomine dihydrochloride (2.5 mg/kg, IM) were
administered deep in the lumbar epaxial musculature
at an interval of 24 hours. Both injections appeared to
cause pain on the basis of vocalization by the dog dur-
ing and after the injections as well as the subsequent
observation of its altered gait and hunched posture.
Moderate paraparesis, urine retention, and fecal incon-
tinence were detected within hours after the second
injection. Findings of a complete neurologic examina-
tion indicated that the dog was paraparetic (signs
worse on the right side). Marked motor and proprio-
ceptive deficits were noted in both hind limbs. Anal
tone was diminished, and the urinary bladder was dis-
tended and difficult to express. Segmental spinal
reflexes of the hind limbs were normal to exaggerated
on the left side, and there was a diminished patellar
reflex on the right side. These findings were consistent
with a neuroanatomic lesion located between spinal
cord segments L4 through S2.

Because of monetary reasons, a complete diag-
nostic workup was not performed at that time.
Management consisted of cage rest, manual bladder
expression, intermittent urinary catheterization,
administration of corticosteroids, and physical thera-
py. Corticosteroid treatment consisted of a single
injection of methylprednisolone sodium succinate*
(30 mg/kg [13.6 mg/lb], IV) followed by oral admin-
istration of prednisone (0.8 mg/kg [0.36 mg/lb], PO,
q 24 h, for 5 days and then every other day). Upper
motor neuron urinary bladder signs were treated
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with phenoxybenzamine (10 mg, PO, q 12 h) and
bethanecol (10 mg, PO, q 8 h). Physical therapy con-
sisted of passive range-of-motion exercises and
hydrotherapy in a whirlpool tub.

Neurologic examinations were performed daily for
2 weeks. Improvements in hind limb function were
first noted on day 12 of hospitalization. Strength and
coordination improved readily, and the dog was soon
able to walk and run with moderate ataxia. The dog
was able to posture to urinate and defecate without
assistance by day 20, at which time it was discharged
from the hospital. Decreased anal tone and fecal incon-
tinence persisted. On day 30, the dog received a micro-
filaricidal dose of ivermectin (100 ul/kg [45 ul/lb],
PO) without complication. The owner discontinued
phenoxybenzamine and bethanecol treatments on day
45. The dog continued to do well at home with only
mild clinical signs of ataxia and incontinence. Elective
castration was performed on day 80 without complica-
tion. The dog was examined on day 97 for inappropri-
ate urination that consisted of voiding a steady stream
of urine during normal physical activity (especially if
excited). Additional diagnostic testing was declined.
Treatment with phenylpropanolamine was effective in
temporarily abolishing clinical signs. On day 363, the
dog was presented for routine vaccinations; on that
occasion, the result of an occult heartworm test was
negative, and on physical examination, mild hind limb
paresis that was exacerbated by exercise was noted.

A 1-year-old 5-kg (2.3-1b) sexually intact female
mixed-breed dog was submitted to the Texas
Veterinary Medical Diagnostic Laboratory for post-
mortem examination. The dog had been evaluated by
its veterinarian as part of a yearly health examination.
The result of an occult heartworm test was positive.
Findings of routine bloodwork and thoracic radiogra-
phy were reportedly normal. An ECG documented a
mild sinus tachycardia (heart rate, 190 beats/min).
Five days later, the veterinarian treated the dog with an
injection of melarsomine dihydrochloride (2.5 mg/kg,
IM) into the right paralumbar epaxial musculature.
Immediately after the injection, the dog vocalized and
had difficulty with locomotion of the hind limbs.
Treatment mcluded administration of methylpred-
nisolone acetate! (4 mg/kg [1.8 mg/lb], IM), dexam-
ethasone (0.8 mg/kg, IV), and supplemental crystalloid
fluids® (125 mL, SC).

Five hours after the melarsomine injection, the dog
was laterally recumbent and had paraparesis, a flaccid
tail, and subnormal rectal temperature (33.3°C [92°F]).
Additional treatment with corticosteroids and adminis-
tration of fluid SC were undertaken. At 34 hours after
the melarsomine injection, the dog was referred to an
emergency facility because of the continued deteriora-
tion of neurologic signs and decrease in rectal tempera-
ture. At that time, neurologic examination revealed flac-
cid hind limbs and absence of the flexor reflex and signs
of deep pain perception. Anal tone was not present, and
the urinary bladder was greatly distended. The dog was
administered fluids IV and maintained with oxygen via
nasal intubation and received external heat support.
Initially, 30 mg of methylprednisolone sodium succi-
nate/kg was administered 1V; every 2 hours thereafter,

the dog received 15 mg/kg [6.8 mg/lb], IV. Cefazolin
(20 mg/kg, 1V, q 8 h) and ranitidine (1 mg/kg [0.45
mg/lb], IV, q 8 h) were also administered. Thirty-six
hours after the melarsomine injection, the dog had a
seizure of 30 seconds’ duration and was treated with
diazepam (0.5 mg/kg [0.23 mg/lb], IV bolus). A second
seizure occurred 8 hours later, and the dog received
similar treatment; however, the dog did not respond to
a higher dose of diazepam (1 mg/kg, IV bolus) and
within a few minutes went into cardiopulmonary arrest.
Cardiopulmonary resuscitation with external cardiac
compressions was performed but was unsuccessful.

The gross pathologic findings of the postmortem
examination included dirofilariasis; 8 adult heart-
worms were found in the right atrium and extended
into the right and left pulmonary arteries. The epicar-
dial surface of the heart was pale with red streaks, and
the lungs were diffusely dark red, heavy, and wet
(indicative of pulmonary edema and congestion). A
small, poorly defined light red focus in the subcutis
and aponeurosis of the epaxial musculature at the level
of the L1 through L2 vertebrae (approx 2 cm lateral to
the spinous process) was also noted. No gross lesions
of the nervous system were observed. However, histo-
logic examination of the spinal cord revealed myelo-
malacia with edema, hemorrhage, suppurative inflam-
mation, and perivascular neutrophilic cuffing localized
to the L1 spinal cord segment (Fig 2). Wallerian degen-
eration of the white matter in a coronal pattern involv-
ing all funiculi was identified and extended caudally to
the sacral portion and cranially to the cervical portion
of the spinal cord. Other abnormal findings included
mild spongiosis of the white matter of the dien-
cephalon and thalamus. The myocardium exhibited
both severe, acute, multifocal degeneration and necro-
sis, which was attributed to neurogenic ischemia.
Marked, acute, diffuse pulmonary edema, congestion,
and partial atelectasis were present in the lungs and
assumed to be associated with cardiopulmonary resus-
citation. Overall, lesions associated with heartworm
disease were minimal.

Heartworm disease in dogs is caused by Dirofilaria
immitis. Mosquitoes (intermediate hosts) transmit the
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Figure 2—Photomicrograph of a section of the L1 spinal cord
segment in a dog with neurologic complications secondary to an
IM injection of melarsomine dihydrochloride. Notice the neu-
trophilic perivascular cuffing, axon degeneration, and neu-
trophilic infiltration into rarefied tissue. H&E stain; bar = 20 um.
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infective L3 larvae, which enter the subcutaneous tis-
sue of dogs (definitive hosts); during a period of 4
months, the L3 larvae molt to the L4 stage while
migrating to the small pulmonary arteries. The L4 lar-
vae enter the arteries, become L5 larvae, mature, and
mate over the next 2 to 3 months. In most cases,
microfilariae can be detected in the peripheral blood
approximately 6 months after infection.'In dogs, com-
mon clinical signs of heartworm disease include
coughing, hemoptysis, dyspnea, tachypnea, weakness,
and exercise intolerance. Severe clinical signs may
occur secondary to pulmonary hypertension, pul-
monary thromboembolism, and right-sided congestive
heart failure. However, many affected dogs do not have
clinical signs for long periods. In dogs, neurologic
signs resulting from heartworm disease are rare, but
severe paresis has been reported in association with
aberrant larval migration in the epidural space.”* Other
neuromuscular signs including hind limb lameness,
paresthesia, and seizures may develop in dogs with sys-
temic arterial dirofilariasis and thromboembolism.”

The diagnosis of heartworm disease in dogs is
made on the basis of clinical findings and either results
of immunodiagnostic assessment (ELISA) or testing
for microfilariae."'®"" Disease severity is classified on
the basis of clinical signs, history, findings on physical
examination, results of laboratory tests, and evaluation
of radiographs. Four classes of heartworm disease have
been established: subclinical or mildly clinical disease
(class 1); moderate disease (class 2); severe disease
(class 3); and caval syndrome, a very severe form of
disease (class 4)." Before treatment, a CBC (including
platelet count), serum biochemical analyses, and uri-
nalysis should be performed. Thoracic radiography
and echocardiography are useful to characterize the
degree of cardiopulmonary compromise and the sever-
ity of heartworm disease.

On the basis of results of these tests, heartworm
disease is classified by stage, and treatment is tailored
to meet the individual needs of affected dogs. In gen-
eral, initial treatment with an adulticide is followed by
a period of rest; administration of a microfilaricide is
performed after a period of time. Effective adulticidal
treatment may result in pulmonary hypertension, pul-
monary thromboembolism, and focal pneumonitis
associated with the death of adult heartworms and
their embolization to the caudal lobar pulmonary
arteries."”” The severity of these pulmonary and vascu-
lar changes is related to the number and location of
heartworms." In addition, the level of exercise plays an
important role in these changes."”'® Coughing, depres-
sion, anorexia, fever, and signs of congestive heart fail-
ure may occur following adulticidal treatment. In some
dogs, severe coagulopathy and thromboembolic com-
plications may result in disseminated intravascular
coagulopathy or death."" Consequently, dogs with
very severe disease (ie, caval syndrome [class 4]) are
considered poor candidates for routine adulticidal
treatment.

The cardiopulmonary consequences of treatment
for adult heartworms are well recognized. Likewise,
injection site reactions associated with use of melar-
somine have been reported."™ However, neurologic

complications as a result of treatment for heartworms
have been rarely reported. In 1 report,” progressive dis-
tal polyneuropathy in a 3-year-old male Setter-type dog
that was treated for heartworm disease and secondary
disseminated intravascular coagulopathy with thiac-
etarsamide and long-term administration of heparin
was described. In that report, weakness, muscle atro-
phy, and signs of decreased sensation were noted in the
dog 5 weeks after its discharge from the hospital. The
cause of the neuropathy was not determined."

To the authors’ knowledge, neurologic complica-
tions associated with IM injection of melarsomine
dihydrochloride for treatment for heartworm disease in
dogs have not been reported. Although there was no
direct evidence of melarsomine-induced spinal cord
injury, the close temporal association between drug
administration and development of neurologic deficits
in all 3 dogs of this report strongly supports this
hypothesis.

Melarsomine dihydrochloride is an organic arseni-
cal agent that is highly effective against both sexes of
adult and L5 D immitis.""*" The drug was introduced
into the United States’ market in September 1995.
Predictive formulas used by the manufacturer suggest
that > 500,000 dogs have been treated in the United
States since the product was launched.® During the
time that the drug has been available commercially,
there have been no product formulation changes, and
no problems have been associated with any particular
component of the formulation. The manufacturer’s rec-
ommended treatment regimen for dogs with limited
clinicopathologic abnormalities (ie, dogs with class 1
or 2 disease) consists of 2 injections of melarsomine
dihydrochloride (2.5 mg/kg [1.13 mg/lb], IM) into the
deep epaxial lumbar musculature (1 injection in right
and left sides) at an interval of 24 hours. Dogs with
marked clinical abnormalities (ie, dogs with class 3
disease and certain dogs with class 2 disease) should be
treated with a single injection of melarsomine (2.5
mg/kg, IM) that is followed 1 month later by 2 consec-
utive injections given at an interval of 24 hours." This
regimen is assumed to reduce the severity of throm-
boembolic complications associated with treatment
with this adulticide. Melarsomine is not approved for
dogs with caval syndrome (ie, class 4 heartworm dis-
ease). For all treated dogs, strict activity restriction is
recommended for > 1 month after the first and last
injections. The most common adverse reaction associ-
ated with the use of melarsomine is irritation at the
injection site with resultant signs of pain, swelling, ten-
derness, and reluctance to move. Sterile granulomas or
abscesses may form at the injection site. Injection site
reactions may appear clinically as firm nodules and can
persist indefinitely.'

In 1996, the manufacturer received reports of 2
cases of paresis or paralysis after administration of
melarsomine dihydrochloride, but whether these reac-
tions were related to the use of melarsomine dihy-
drochloride was mnot conclusively determined.
However, in 1997, standardized questioning of veteri-
narians and diagnostic evaluation of affected dogs were
instituted to better define any possible association
between treatment with melarsomine dihydrochloride
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and paresis or paralysis. Such neurologic deficits were
not reported after use of the drug by practitioners
internationally, nor were these signs observed in any of
the clinical trials that were conducted prior to registra-
tion of the agent in the United States. To date, < 80
reports of paresis or paralysis that developed in dogs
after treatment with melarsomine dihydrochloride
have been submitted to the manufacturer in the United
States. At present, the approved label statement for
melarsomine dihydrochloride indicates that paresis or
paralysis in dogs after administration may occur rarely.

On the basis of the data received by the manufac-
turer, various degrees of neurologic deficits have been
identified. Dogs may have mild unilateral lameness of
the hind limbs or gait abnormalities localized to the
hind limbs. More severe deficits may involve proprio-
ceptive deficits and paresis, which may be bilateral in
rare instances. These neurologic signs may be difficult
to differentiate from soreness associated with the injec-
tion site because of their mild nature and often sponta-
neous resolution. The most commonly reported type of
neurologic complication involves marked paraparesis
to paralysis of the hind limbs (as observed in the first
and second dogs of this report). In some dogs, paraly-
sis begins unilaterally and progresses toward complete
paraplegia in a matter of hours to days. Rarely, neuro-
logic deficits involve all 4 limbs or lead to dementia,
coma, and death. In the reports received by the manu-
facturer, all dogs with neurologic abnormalities in 4
limbs either died or were euthanatized.

The pathophysiologic features of this variety of
neurologic complications after treatment with melar-
somine dihydrochloride are not known. Neurologic
signs such as those observed in the first and second
dogs of this report suggest epidural spinal cord com-
pression. It is speculated that the compound migrates
out of the injection site via fascial planes and causes an
ascending inflammation along the nerve roots. The
resulting extradural cord compression secondary to
extensive inflammation and necrosis of fat surround-
ing the spinal cord (exemplified by findings in the first
dog of this report) could produce various neurologic
deficits. Alternatively, introduction of the compound in
close proximity to the spinal vascular branches may
result in vasospasm or vasculitis that induces ischemia
of the corresponding spinal cord segment. Finally,
inappropriate injection technique may result in direct
contact of the agent with neural tissue. To initiate an
inflammatory response as severe as that described in
the third dog of this report, the compound may have
been injected directly through the dura into the spinal
cord.

Recognizing neurologic complications in the early
phase after melarsomine dihydrochloride injection can
be challenging. Intramuscular injections of melar-
somine are known to create swelling of the epaxial
muscle mass, especially if the compound is deposited
in the fascial planes as a result of improper injection
techniques. In treated dogs, severe pain that results in
unwillingness to move and lameness could be inter-
preted as ataxia and needs to be carefully distinguished
from neurologic deficits. Signs that indicate neurologic
involvement include hind limb ataxia, decreased hind

limb conscious proprioception, and decreased motor
function. Hind limb paraparesis or paraplegia can
occur within hours. Treatment of neurologic deficits
associated with melarsomine injection involves sup-
portive care and management of paraparesis or para-
plegia; the use of corticosteroids is controversial.

Because the etiology of melarsomine-induced neu-
rologic deficits is still poorly understood, it is difficult
to predict long-term prognosis in affected dogs.
Marked neurologic abnormalities do not necessarily
carry a poor prognosis. The first dog of this report was
paraparetic for several weeks before improvement was
attained; eventually, that dog recovered completely, as
reported by the owner. As observed in the second dog
of this report, some affected dogs may incompletely
recover. The most severe complications seem to carry a
poor prognosis; complications that include deteriora-
tion and sudden death are most likely associated with
an ascending process in the spinal cord and CNS.

A heightened awareness of proper injection tech-
niques might prevent the occurrence of the majority of
neurologic complications. Administration of melar-
somine dihydrochloride should be only by deep IM
injection into the center of the epaxial musculature in
the region of L3 through L5. The drug should be
deposited within the muscle belly; superficial or
excessively deep injections should be avoided.
Alternating sides for injections should be used. It is
recommended to use a 23-gauge, 1-in needle for dogs
weighing < 10 kg (22 lb) and a 22-gauge, 1.5-in nee-
dle for dogs weighing > 10 kg." The utilization of spe-
cific needle sizes does not imply that the needle
should be inserted to the hub at the injection site.
Rather, the middle of the belly of the epaxial muscle
group should be targeted. Strict adherence to the man-
ufacturer’s guidelines for drug administration is essen-
tial. Injection site reactions may develop more fre-
quently because of deposition of the drug into fascial
planes, leakage into the subcutaneous tissues, or
traumatization of tissues as a result of lack of patient
compliance. Although adverse effects are not neces-
sarily associated with the volume of the injection, a
general recommendation is to limit injection volumes
to < 4 mL/injection site. In some instances, sedation of
the dog may be indicated to assure appropriate admin-
istration of the drug.

‘Immiticide, Merial Ltd, Duluth, Ga.

*Omnipaque, Nycomed Inc, Princeton, NJ.

‘Solu-Medrol, Pharmacia & Upjohn Co, Kalamazoo, Mich.

‘Depo-Medrol, Pharmacia & Upjohn Co, Kalamazoo, Mich.

‘Normosol R, Abbott Laboratories, Chicago, I11.

Tmmiticide sterile powder [package insert], Merial Ltd, Duluth, Ga.

fFreeman J and Gerdon D, Merial Ltd, Duluth, Ga: Personal commu-
nication, 2002.
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