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Summary

Two dogs with generalized seizures were evaluated. The dogs were diagnosed with traumatic intracranial hemorrhages based on
the history, neurological examinations, and magnetic resonance imaging (MRI) of the brain. Treatment was started with oxygen,
prednisolone and anticonvulsant agents. No further seizure activity was observed after treatment in both dogs, however cushing
reflex was detected in case 1 and a left-sided hemi-paresis was detected in case 2. Further supportive treatment with recombinant
human granulocyte colony-stimulating factor (rhG-CSF) was attempted. No abnormal signs were noted in either of the dogs and no
recurrence was noted 16 and 14 months later, in case 1 and 2, respectively. These cases indicate that a combination of rhG-CSF
treatment with previous therapy could be used in dogs with traumatic brain injury.
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Introduction

Traumatic brain injury (TBI) can occur mostly from
an external force such as in an automobile trauma, falls
and rarely gun-shots (Kitagawa et al., 2005). Traumatic
brain injury may or may not be related to intracerebral
hemorrhage, subarachnoid hemorrhage, and intra-
ventricular hemorrhage (Sande and West, 2010).
Intracranial hemorrhage causes high mortality and
morbidity, neurologic damage and remains in
approximately 10% of all strokes in humans (Manno et
al., 2005). Direct external forces refer to primary lesions,
which have already occurred when the patient is
presented (Sosin et al., 1996). Thus the prevention of
further neurologic secondary damage from hemorrhage,
ischemia, edema formation, seizure and increased
intracranial pressure (ICP) is important (Fishman, 1975;
Shapiro, 1975; Bouma et al., 1992).

Recombinant human granulocyte colony-stimulating
factor (rhG-CSF) enhances mobilization of hemato-
poietic stem cells, so it has been used for the treatment of
neutropenia (Dale et al., 2003). Recently, several studies
demonstrated neuroprotective effects of rhG-CSF by
neurogenesis and angiogenesis (Lu and Xiao, 2006;
Sehara et al., 2007; Diederich et al., 2009). In these
previous studies we then attempted to examine the effect
of rhG-CSF on the progression of TBI. This case report
represents the serial magnetic resonance imaging of TBI
induced intracranial hemorrhage and clinical outcomes
with rhG-CSF administration in two dogs.
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Case presentation and diagnosis

A 4-year-old, 2.2-kg, intact male Maltese dog (case
1) and a 9-year-old, 2.4-kg, intact female Yorkshire
terrier dog (case 2) werepresented with progressive
seizure after head trauma. Both dogs showed a tonic-
clonic seizure immediately after the injury. At
presentation, facial myoclonus and tonic-clonic seizure
was detected in case 1 and case 2, respectively. Physical
examination revealed a depressed mental status in both
dogs. Systolic blood pressure (Cardell Model 9401,
Sharn Veterinary Inc., FL, USA) was elevated in case 1
(152 mmHg) and normal in case 2 (130 mmHg).
Neurological examination revealed a decreased menace
response in the right eye (both dogs) and decreased
postural reactions on the left side limbs in case 2. A
complete blood count (CBC) was normal in case 1 and
leukocytosis with stress leukogram was detected in case
2. A serum chemistry profile of case 1 showed elevated
alanine aminotransferase (ALT) (498 UJ/L, reference
range; 19-70U/L), aspartate transferase (AST) (59 UIL,
reference range; 15-43 U/L), lactic dehydrogenase (150
IU/L, reference range O to 130 IU/L), creatine Kkinase
(338 IU/L, reference range 46 to 320 IU/L) and blood
glucose (172 mg/dl, reference range 70 to 118 mg/dl). In
case 2, elevated ALT (740 U/L), AST (94 U/L), and CK
(989 U/L) was detected. During examination, case 1
experienced tonic-clonic seizures and PLR had
disappeared with miosis. The dog was treated with 4
mg/kg phenobarbital sodium (Luminal; Dai Han Pharm,
Seoul, Korea) intravenously. Based on the clinical signs,
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a physical and neurological examination, as well as the
apparent history, an intracranial lesion was suspected.

A brain MRI scan using a 0.2 T (E-scan®; ESAOTE,
Genova, Italy) was performed 6 days (case 1) and 1 day
(case 2) after the injury. In case number 1, transverse T2-
and T1-weighted images (WI) revealed hyperintense
lesions in the right amygdaloid body in the piriform lobe
(Figs. 1A and B). Dorsal T2-WI also showed diffuse
hyperintensities in those areas (Fig. 1C). These lesions
were not enhanced on T1-WI after intravenous
administration of gadolinium (Omniscan; Amersham
Health, USA; 0.1 mmol/kg, 1V). Follow-up MRI scans
taken 62 days after admission (Figs. 1D-F). In case
number 2, a transverse T2-WI lesion and a transverse T1-
WI hypointense lesion were revealed at the left occipital
lobe (Figs. 2A and B). Dorsal T2-WI also showed
hyperintensities (Fig. 2C). Dilation of the bilateral lateral
ventricles was also noted (Fig. 2D). In both dogs, RT-
PCR for canine distemper virus was negative in the
serum and CSF. Case 1 was diagnosed with TBI and case
2 was diagnosed with hydrocephalus and TBI.

Treatment was initiated with continuous oxygen,
isotonic intravenous (IV) fluids, a combination of 1
mg/kg prednisolone (Solondo; Yuhan Medica, Korea)
twice daily per oral and 3 mg/kg phenobarbital
(Phenobarbital; Myung-In Pharm, Korea) twice a day per
oral followed by a 1 g/kg constant rate infusion of
mannitol (d-mannitol 20%; Dai Han Pharm, Korea) over
30 min. The steroids were tapered rapidly over 5 days. In
case 2, 0.5 mg/kg furosemide (Lasix; Handok, Korea)
twice daily, and 0.7 mg/kg omeprazole (Omeprazole;
Sinil Pharm, Korea) once daily per oral was added to the
regimen. For neuroprotection, a subcutaneous injection
of rhG-CSF (10 ng/kg, Leukokain; CJ Pharm, Korea) for
3 days was decided in both dogs. During rhG-CSF
administration, no abnormal signs were detected. CBC
and flow cytometric analysis by the dual-platform

Fig. 1: MR images of case 1. Hyperintense lesions (red arrow)
of transverse T2- (A) and T1-WI (B) on the left amygdaloid
body in the piriform lobe were demonstrated. (C) T2-weighted
coronal image of the same lesions. A transverse T2- (D) and
T1-WI (E), and T2-weighted coronal (F) image of the same dog
2 months after injury. Hyperintense lesions (red arrow) were
demarcated by a sharply delineated hypointense margin (open
arrow) on T2-WI (D) and a hypointense signal on the lesions
(E) which was previously a hyperintense signal on the T1-WI

Fig. 2: MR images of case 2. Hyperintense lesions (red arrow)
of transverse T2-WI (A) and hypointense lesions (arrow head)
of transverse T1-WI (B) on the left occipital lobe were
demonstrated. (C) Coronal T2-WI of the same lesions also
showed hyperintensities (red arrow) and dilation of the bilateral
lateral ventricles was also noted. (D) Transverse T2-WI of
dilation of the bilateral lateral ventricles (open arrow) was
demonstrated at the level of the thalamus

method were performed before and after rhG-CSF
treatment to evaluate the mobilization of hematopoietic
stem and progenitor cells (HSPCs) from the bone
marrow into the peripheral blood (Fig. 3). Seven days
after the initial treatment, there was no other seizure
episode and behavior changes were improved in case 1.
The systemic blood pressure (Cardell Model 9401, Sharn
Veterinary Inc., FL, USA) and the heart rates were
monitored (Fig. 4). In case 2, seizure was only detected 2
more times after the treatment; however a left-sided
hemi-paresis was detected after 7 days and it resolved
slowly. The clinical signs were resolved completely two
weeks after presentation and no recurrence was detected
over 14 months (case 2). At 62 days after admission,
intracranial lesions were re-examined through MRI in
case 1. The lesions were decreased and demarcated by a
sharply delineated hypointense margin (Figs. 1D-F). The
phenobarbital started to slowly taper off and no further
seizures were detected over 16 months.

Discussion

Intracranial hemorrhage from any reason causes
cerebral dysfunction due to the local mass effect, which
induces intracranial volume expansion and edema
formation (Xi et al., 2001). Cerebral edema persists for 3
to 7 days and results in secondary ischemia and/or
elevated intracranial pressure (Xi et al., 2002; Bouzat et
al., 2013). In this report, both dogs had TBI and
secondary neurologic problems such as seizure, behavior
change, and ataxia. The case 1 dog only had TBI and no

VR, 2016, Vol. 17, No. 1, Ser. No. 54, Pages 62-65



64

Iranian Journal of Veterinary Research, Shiraz University

WBC (cells/pl)

50000

40000 e\

30000 \\
20000

10000

Day 0 Day 1 Day 2 Day 3 Day 5

Neutrophils (cells/pl)

Casel Case 2 ‘
100000
80000 ——— —
60000
40000
20000
0
Day0 Day 1 Day 2 Day 3 Day 5
HSPCs (cells/100 pl)
——Casel Case 2 ‘
8000
6000
4000
2000
0
Day 0 Day 3

Fig. 3: Total leukocyte counts, neutrophil counts and HSPCs
before and after rhG-CSF treatment in case 1 and case 2. After
the first dose, the leukocyte and neutrophils counts increased
rapidly and decreased after discontinued use of the rhG-CSF.
HSPCs were increased during the rhG-CSF treatment periods,
(day 0; before rhG-CSF treatment)

200
180 ~+-BP(mmHg) -=-HR(bpm)
160 /\.\‘\"‘—‘
140
120
100
80
60
0 4 7 10 14 41 62
Time (Days)

Fig. 4: Blood pressure and heart rate change following head
trauma in case 1

IJVR, 2016, Vol. 17, No. 1, Ser. No. 54, Pages 62-65

underlying diseases were revealed, however case 2 was
diagnosed as hydrocephalus and TBI based on the
history and MRI findings.

An MRI scan was performed 6 days after the trauma
in case 1 and 1 day after the trauma in case 2. In case 1,
both T1-WI and T2-WI showed elevated signals,
whereas case 2 showed hypointense T1-WI and
hyperintense T2-WI. According to the previous reports
(Huisman, 2005; Jadhav et al., 2008), the brain MRI of
case 1 was consistent with early subacute (period of time
from 3 to 7 days after onset) images of hemorrhage and
case 2 was consistent with acute (period of time from 24
to 72 h after onset) images of hemorrhage. Moreover, a
serial MRI scan was achieved in case 1 and chronic
changes of the hemorrhagic lesions were also detected.

The treatment goal for the intracranial hemorrhage is
to maintain cerebral perfusion and subsequent tissue
oxygenation, as well as the management of secondary
neurologic sequelae such as seizures, and the treatment
of any underlying diseases (Manno et al., 2005). Recent
studies revealed that TBI could induce neuroal necorsis
and/or nerodegeneration and the use of neuroprotective
agents was helpful for the suppression of the progression
of disease (Lu and Xiao, 2006; Sehara et al., 2007;
Diederich et al., 2009). In these 2 cases, we used rhG-
CSF for potential neuroprotective and neurogenesis
effects. According to recent reports on animal models of
ischemic brain injury (Six et al., 2003; Gibson et al.,
2005; Khatibi et al., 2011), several mechanisms
including anti-inflammatory effects, inhibition of
apoptosis and stimulation of endogenous stem cell
proliferation could mediate the neuroprotective effects of
rhG-CSF. The direct effects of rhG-CSF to the brain
could not be evaluated in these 2 cases because the dogs
were still alive; however, the effects of rhG-CSF were
indirectly evaluated through improved clinical signs of
the dogs, elevated neutrophil count and increased HSPCs
(England et al., 2012). Moreover, a subsequent MRI scan
was performed in case 1. Further trials for the treatment
of TBI dogs with rhG-CSF are required to establish the
potential therapeutic effects of rhG-CSF.

In conclusion, these cases demonstrate that the
combination of rhG-CSF administration with previous
TBI therapy including anti-inflammatory, anti-oxidant
therapy, and decrease of intracranial edema could be
potentially used in dogs with TBI due to the further
neuroprotective effects of rhG-CSF through the
inhibition of apoptosis and stimulation of endogenous
stem cell proliferation. However, further clinical studies
are required, since the mechanisms of rhG-CSF as
neuroprotective agents are still not fully understood.

References

Bouma, GJ; Muizelaar, JP; Bandoh, K and Marmarou, A
(1992). Blood pressure and intracranial pressure-volume
dynamics in severe head injury: relationship with cerebral
blood flow. J. Neurosurg., 77: 15-19.

Bouzat, P; Sala, N; Payen, JF and Oddo, M (2013). Beyond
intracranial pressure: optimization of cerebral blood flow,
oxygen, and substrate delivery after traumatic brain injury.



Iranian Journal of Veterinary Research, Shiraz University

65

Ann. Intensive. Care., 3: 23.

Dale, DC; Cottle, TE; Fier, CJ; Bolyard, AA; Bonilla, MA;
Boxer, LA; Cham, B; Freedman, MH; Kannourakis, G;
Kinsey, SE; Davis, R; Scarlata, D; Schwinzer, B;
Zeidler, C and Welte, K (2003). Severe chronic neutro-
penia: treatment and follow-up of patients in the severe
chronic neutropenia international registry. Am. J. Hematol.,
72: 82-93.

Diederich, K; Sevimli, S; Doérr, H; Kosters, E; Hoppen, M;
Lewejohann, L; Klocke, R; Minnerup, J; Knecht, S;
Nikol, S; Sachser, N; Schneider, A; Gorji, A; Sommer,
C and Schabitz, WR (2009). The role of granulocyte-
colony stimulating factor (G-CSF) in the healthy brain: a
characterization of G-CSF-deficient mice. J. Neurosci., 29:
11572-11581.

England, TJ; Abaei, M; Auer, DP; Lowe, J; Jones, DR;
Sare, G; Walker, M and Bath, PM (2012). Granulocyte-
colony stimulating factor for mobilizing bone marrow stem
cells in subacute stroke: the stem cell trial of recovery
enhancement after stroke 2 randomized controlled trial.
Stroke. 43: 405-411.

Fishman, RA (1975). Brain edema. N. Eng. J. Med., 293: 706-
711.

Gibson, CL; Jones, NC; Prior, MJ; Bath, PM and Murphy,
SP (2005). G-CSF suppresses edema formation and reduces
interleukin-1beta expression after cerebral ischemia in
mice. J. Neuropathol. Exp. Neurol., 64: 763-769.

Huisman, TA (2005). Intracranial hemorrhage: ultrasound, CT
and MRI findings. Eur. Radiol., 15: 434-440.

Jadhav, V; Sugawara, T; Zhang, J; Jacobson, P and
Obenaus, A (2008). Magnetic resonance imaging detects
and predicts early brain injury after subarachnoid
hemorrhage in a canine experimental model. J.
Neurotrauma., 25: 1099-1106.

Khatibi, NH; Jadhav, V; Saidi, M; Chen, W; Martin, R;
Stier, G; Tang, J and Zhang, JH (2011). Granulocyte
colony-stimulating factor treatment provides neuro-
protection in surgically induced brain injured mice. Acta

Neurochir. Suppl., 111: 265-269.

Kitagawa, M; Okada, M; Kanayama, K and Sakai, T
(2005). Traumatic intracerebral hematoma in a dog: MR
images and clinical findings. J. Vet. Med. Sci., 67: 843-
846.

Lu, CZ and Xiao, BG (2006). G-CSF and neuroprotection: a
therapeutic perspective in cerebral ischaemia. Biochem.
Soc. Trans., 34: 1327-1333.

Manno, EM; Atkinson, JL; Fulgham, JR and Wijdicks, EF
(2005). Emerging medical and surgical management
strategies in the evaluation and treatment of intracerebral
hemorrhage. Mayo. Clin. Proc., 80: 420-433.

Sande, A and West, C (2010). Traumatic brain injury: a
review of pathophysiology and management. J. Vet.
Emerg. Crit. Care. 20: 177-190.

Sehara, Y; Hayashi, T; Deguchi, K; Zhang, H; Tsuchiya, A;
Yamashita, T; Lukic, V; Nagai, M; Kamiya, T and Abe,
K (2007). Potentiation of neurogenesis and angiogenesis by
G-CSF after focal cerebral ischemia in rats. Brain Res.,
1151: 142-149.

Shapiro, HM (1975). Intracranial hypertension: therapeutic
and anesthetic considerations. Anesthesiology. 43: 445-
471.

Six, I; Gasan, G; Mura, E and Bordet, R (2003). Beneficial
effect of pharmacological mobilization of bone marrow in
experimental cerebral ischemia. Eur. J. Pharmacol., 458:
327-328.

Sosin, DM; Sniezek, JE and Thurman, DJ (1996). Incidence
of mild and moderate brain injury in the United States.
Brain Inj., 10: 47-54.

Xi, G; Hua, Y; Bhasin, RR; Ennis, SR; Keep, RF and Hoff,
JT (2001). Mechanisms of edema formation after intra-
cerebral hemorrhage: effects of extravasated red blood cells
on blood flow and blood-brain barrier integrity. Stroke. 32:
2932-2938.

Xi, G; Keep, RF and Hoff, JT (2002). Pathophysiology of
brain edema formation. Neurosurg. Clin. N. Am., 13: 371-
383.

VR, 2016, Vol. 17, No. 1, Ser. No. 54, Pages 62-65



