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Abstract A 2-year-old intact female Maltese dog was presented with generalized 
involuntary tremors and nystagmus without regular direction. The dog was con-
scious the whole time while it was trembling. Its involuntary tremors were alleviat-
ed at rest or during sleep. Magnetic resonance imaging (MRI) revealed asymmetric 
hydrocephalus and caudal occipital malformation. In cerebrospinal fluid (CSF) anal-
ysis, a trace of protein was found and total nucleated cell count (TNCC) was slight-
ly increased. However, infectious pathogens were not found. In complete blood 
count, there was a mild leukocytosis. After the patient received anticonvulsants 
(midazolam, phenobarbital, KBr), diuretics (furosemide) with an anti-inflammatory 
drug (prednisolone, 0.5 mg/kg PO bid), and a proton-pump inhibitor (omeprazole), 
it showed no improvement. The patient was tentatively diagnosed with cortico-
steroid responsive tremor syndrome. So the anticonvulsants and diuretics were 
discontinued and the dose of prednisolone was increased to an immunosuppres-
sive dose (1 mg/kg PO bid). After administering the immunosuppressive dose of 
prednisolone, the patient did not show nystagmus. Its tremors were much alleviat-
ed. However, they did not disappear. Five weeks later, the patient showed gradual 
improvement but still was trembling when moving around. Nine weeks later, its 
tremors were similar to before. So diazepam (0.3 mg/kg PO sid) was added to the 
treatment. After that, its tremors were alleviated more. Prednisolone and diaze-
pam were maintained for about five months, with tapering of the dose of prednis-
olone (until 0.5 mg/kg PO sid). About 7 months later after the treatment was start-
ed, the dog was trembling rarely except when it was excited. Therefore, diazepam 
was discontinued. This case describes a refractory white dog shaker syndrome 
successfully managed with long-term administration of a steroid and diazepam.
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Introduction

Corticosteroid responsive tremor syndrome (CRTS), white 
dog shaker syndrome, is a syndrome showing whole body 
tremors (6). CRTS is an acquired disorder characterized by 
acute onset of full-body tremors that are sometimes accom-
panied by vestibular signs. Underlying causes of this disease 
are unknown. It is considered as an immune-mediated dis-
ease of the cerebellum that might be cause by an imbalance 
in neurotransmitters (5). CRTS usually occurs in young dogs 
aged 5 months to 3 years old (7). Sometimes affected dogs 
might have other neurologic signs such as nystagmus and 
loss of menace response (1). At first, this disease was identi-
fied in white-coated dogs such as West Highland White Ter-
riers and Maltese Terriers. However, recently it has also been 
reported in breeds of dogs with any color (7). The diagnosis 
is based on history taking, symptoms, and laboratory exams 
to rule out other diseases that cause tremors (3,4). Treatment 
for this disease generally uses corticosteroids and/or diaze-
pam (benzodiazepines) (1,7). In many cases of this disease, 
tremors can be relieved after an administration of immuno-
suppressive corticosteroids for a few weeks (1,7). Sometimes 
their response to therapy is challenging. The present study 
describes a case of a refractory CRTS successfully managed 
with glucocorticoids and supportive drugs for a long time. 

Case Report

A 2-year-old intact female Maltese was referred to the hos-
pital with generalized tremors and nystagmus. On physical 
examination, mild tachycardia (142 bpm) and hypertension 
(150 mmHg) were detected. The patient was alert and re-
sponsive. It showed continuous whole-body tremors includ-
ing four limbs and head. These tremors were involuntary 
with an acute onset. When sleeping, tremors were alleviated 
on history taking. The nystagmus was horizontal or rotatory 

without a regular direction. 
Blood works revealed no remarkable findings except for a 

mild leukocytosis (18.91 K/μL; reference range 5.05-16.76 K/
μL). MRI of the brain was performed to rule out other brain 
diseases. MRI was obtained with a 1.5 Tesla TOSHIBA Exerlart 
Vantage (TOSHIBA, Tokyo, Japan). In the transverse image, 
a left lateral ventricle was asymmetrically enlarged. The Ven-
tricle to Brain Height Ratio (VBHR) was 23%. Therefore, the 
patient was diagnosed with hydrocephalus (Fig. 1). In the 
sagittal image, caudal occipital malformation and occipital 
dysplasia were also found. However, these findings might 
be little relevance to clinical signs. Cerebrospinal fluid (CSF) 
was examined with a dipstick. A trace of protein and glucose 
were found. Total nucleated cell count (TNCC) was slightly 
increased (11 / reference 0-5). Other results of CSF analysis 
were not remarkable. Viruses and other organism including 
protozoa (Cryptococcus spp., Bartonella, Histoplasma, Blasto-
myces, Anaplasma, Ehrlichia, Neospora spp., Lyme, Toxoplas-
ma gondii, and Distemper) were also ruled out by real-time 
PCR (Korea Vet Lab, Seongnam, Gyeonggi-do, Korea).

Based on several test results, firstly the relationship be-
tween the hydrocephalus and tremors should be considered. 
At first, midazolam (0.2 mg/kg IV; Midazolam inj., Bukwang, 
Seoul, Korea), phenobarbital (3 mg/kg IV bid; Phenobarbital 
Injection, Jeil Pharm, Daegu, Korea), furosemide (1 mg/kg 
IV; Lasix injection, Handok Pharm, Seoul, Korea), omeprazole 
(1 mg/kg PO sid; OMP® tab, CKD Pharm, Seoul, Korea), and 
prednisolone (0.5 mg/kg PO bid; Solondo®; Yuhan, Seoul, 
Korea) were used for treating its hydrocephalus. However, 
there was no response. Then KBr (100 mg/kg PO; Potassi-
um bromide, Daejung, Siheung, Korea) was added to the 
treatment. After one day, still there was no response to the 
treatment. Therefore, the tentative diagnosis was considered 
as CRTS. Immunosuppressive levels of prednisolone (1 mg/
kg PO bid; Solondo®; Yuhan, Seoul, Korea) were given to the 
patient and anticonvulsants and diuretics were discontinued. 

Fig. 1. Transverse image of MRI of the 
brain. The left ventricle of the brain was en-
larged. VBHR: 23%.
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One week later, tremors were improved at rest. Its nys-
tagmus also disappeared. Five weeks later, the tremors were 
more alleviated than before. So the dose of prednisolone was 
tapered (1 mg/kg PO sid). After about two months, its im-
provement of clinical signs seemed to be correlated with the 
use of the steroid only. Thus, drugs for treating hydrocepha-
lus (omeprazole) were removed.

Nine weeks later, the dose of prednisolone was tapered 
(0.5 mg/kg PO sid) and diazepam (0.3 mg/kg PO sid; Valium 
Tab, Roche, Seoul, Korea) was added to the treatment be-
cause its tremors showed no more improvement. Its tremors 
were slightly alleviated after the addition of diazepam but 
not completely improved. Thus, 17 weeks later, the dosage 
of diazepam was increased (0.3 mg/kg PO bid). After four 
weeks, its tremors showed subtle improvement. Therefore, 
the dosage of diazepam was gradually tapered and discon-
tinued. After 29 weeks using only prednisolone (0.5 mg/kg 
PO sid), the patient was not trembling except when it was 
excited. The patient was sent back to a local hospital. The 
hospital was ordered to manage the patient and taper off 
the prednisolone according to the patient’s condition. At the 
3-month follow-up the conditions, the patient was doing 
well without any recurrence and prednisolone was discontin-
ued.

Discussion

CRTS is an idiopathic generalized tremor. To be diagnosed 
with this, other causes of tremors should be ruled out. The 
patient in the present case had no history of eating any toxic 
substances. Hydrocephalus, caudal occipital malformation, 
and occipital dysplasia were found in MRI. However, there 
was no hemorrhage or inflammation of the brain in MRI. 
Infectious pathogens were not found in CSF analysis either. 
At first, the patient received anticonvulsants and diuretics 
without showing a response to treatment. The treatment 
was then changed to an immunosuppressive dose of pred-
nisolone, leading to a response to the treatment with pred-
nisolone. Based on these results, the patient was tentatively 
diagnosed with CRTS.

MRI imaging of dogs with CRTS is usually normal. Howev-
er, in the present case, asymmetrical hydrocephalus, caudal 
occipital malformation, and occipital dysplasia were found. 
Caudal occipital malformation syndrome (COMS) is a canine 
analog of human Chiari type 1 malformation. This syndrome 
can lead to abnormalities of CSF flow with appearance of 
hydrocephalus and syringomyelia at the same time. Clinical 
signs of COMS are associated with concurrent diseases such 
as hydrocephalus or syringomyelia (2). However, these find-

ings may not be direct causes of tremors.
For treating CRTS, an immunosuppressive dose of steroid 

can be used and diazepam can be added to the treatment 
(1,4,7). In a case report, a patient was treated with an im-
munosuppressive dose of steroid prednisolone at 2 mg/kg 
PO bid (4). In another case report, the patient received an 
immunosuppressive dose of steroid prednisolone at 2 mg/
kg PO sid with diazepam at 1 mg/kg PO tid (7). Tremors dis-
appeared at about 5 days in these two case reports. Steroids 
and diazepam were also used in two cats with idiopathic 
generalized tremor syndrome, similar to CRTS (5). One cat 
was treated and its tremor relapsed but disappeared after 6 
months while another cat was normalized one week later (5). 
Based on these reports, clinical outcome is variable. 

The patient in the present case received a steroid with 
dose gradually tapered and diazepam for the treatment. The 
dose of prednisolone was started at 1 mg/kg bid. It was then 
tapered gradually to 0.5 mg/kg sid. Diazepam was started at 
0.3 mg/kg bid dose. It was then tapered. The treatment du-
ration until the patient was normalized was about 7 months. 
In this case, the improvement of tremors was slow compared 
to that in other cases. The difference between this case and 
other cases is whether or not there is a congenital deformity 
of the brain. Response of the treatment might be related to 
the presence of a congenital disease.

Conclusions

This case report describes a Maltese dog with congenital 
brain deformities affected by refractory CRTS. In most cases, 
the treatment period was much shorter than this case when 
patients did not have congenital brain deformities. The rela-
tion between congenital brain deformities and treatment du-
ration of CRTS has not been studied yet. However, this case 
suggests the possibility of such relation.
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