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Abstract

Background: Overdrainage and collapse of the hemispheres is a potential severe complication after surgical
treatment of internal hydrocephalus using ventriculoperitoneal shunts. Here we describe a case of a spontaneous
hemispheric ventricular collapse in an untreated dog with congenital hydrocephalus internus.

Case presentation: A twelve-week-old, male, intact Golden Retriever was presented with a history of peracute
obtundation, impaired vision, and progressive gait abnormalities of all limbs for three days. Neurological
examination revealed a dome shaped skull, a broad-based stance and a moderate cerebellar ataxia. The postural
responses were markedly delayed in all limbs. Moderate ventro-lateral strabismus, vertical nystagmus and absent
menace response were observed bilaterally. Clinical signs indicated multifocal localisation (forebrain, cerebellum).
Magnetic resonance imaging (MRI) showed dilation of all cerebral ventricles, irregular thinning of the periventricular
white and grey matter, consistent with internal hydrocephalus. In addition, the hemispheres were collapsed at the
right temporal and left frontal lobe with haemorrhage filling the adjacent subarachnoid space. The dog underwent
left frontal and right temporal craniotomy for removal of the haemorrhage. The dog improved on all neurological
signs and was discharged after seven days. A repeat MRI three months postsurgical intervention showed
reexpansion of the cerebral hemispheres. Subarachnoid haemorrhages were markedly reduced.

Conclusions: Collapse of the hemispheres can occur spontaneously in dogs with hydrocephalus internus. Removal
of the haemorrhage can improve clinical signs.
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Background
Internal hydrocephalus, defined as an accumulation of
the cerebrospinal fluid (CSF) within the ventricular sys-
tem of the brain, is the most common congenital anom-
aly of the nervous system in dogs [1–3]. Progressive
dilation of the ventricles is caused by an imbalance

between production and absorption of CSF, which
causes subsequent increase in intraventricular and intra-
cranial pressure and the development of the hyperten-
sive hydrocephalus [4–6]. The increased intracranial
pressure in dogs with hydrocephalus causes progressive
compromise of cerebral vessels, lacerations of the peri-
ventricular white matter, focal destruction of the epen-
dymal lining and can lead to permanent neuronal injury
and severe white matter atrophy [2, 7, 8]. Overdrainage
and collapse of the hemispheres is a potential severe
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complication after surgical treatment of internal hydro-
cephalus using ventriculoperitoneal shunts in humans
[9, 10] and animals [3, 11]. The development of sub-
arachnoid haemorrhages and hematomas secondary to
hemispheric ventricular collapse leads to acute progres-
sion of neurological signs and decompressive surgery is
the first choice of treatment in human patients [12, 13]
and animals [14].
To the author’s knowledge, this is the first case of a

spontaneous hemispheric collapse in an untreated dog
with congenital internal hydrocephalus. Here, we report
successful surgical treatment of subarachnoid haemor-
rhages secondary to spontaneous hemispheric ventricular
collapse in a dog with congenital hydrocephalus internus.

Case presentation
A twelve-week-old, male, intact Golden retriever was pre-
sented for investigation of peracute obtundation, impaired
vision, and gait abnormalities of all limbs. According to
the owner, no traumatic insult was observed. General
physical examination was unremarkable. Neurological
examination revealed moderate obtundation, a dome
shaped skull, a broad-based stance and a moderate cere-
bellar ataxia with hypermetria on the forelimbs. The pos-
tural responses were markedly delayed in all limbs.
Moderate ventro-lateral strabismus, positional vertical
nystagmus and absent menace response were observed bi-
laterally. The visual tests including cotton ball test and vis-
ual positioning were delayed to absent. There was marked
pain reaction by palpation of the cervical spine region.
The findings were consistent with an intracranial multi-
focal localisation with suspected involvement of forebrain
and cerebellum. The main differential diagnoses were con-
genital anomalies, inflammatory, toxic and metabolic dis-
eases. Preanesthetic laboratory investigations comprising
complete blood cell count (CBC), serum biochemistry
panel and electrolytes were unremarkable with the excep-
tion of a mildly elevated creatine kinase (392 U/L; refer-
ence range, 10–143 U/L), alkaline phosphatase (371U/L;
reference range 0–130 U/L), calcium (1.59mmol/L; refer-
ence range 1.23–1.43mmol/L), and phosphate (2.85
mmol/L; reference range 0.79–2.1 mmol/L), attributed to
the young age of the dog.
The dog was initially stabilised with fluid therapy (crys-

talloid solution, 2 mL/kg, Sterofundin®, Braun) and under-
went premedication using diazepam (0.5mg/kg i.m,
Ziapam, 5mg/mL, solution for injection, TVM, UK). Gen-
eral anesthesia was induced with propofol (4–8mg/kg i.v,
Vetofol, emulsion for injection 1.0%, Norbrook) and main-
tained by inhaled anesthetics (isoflurane and oxygen mix-
ture; 1.5% volume/volume; oxygen flow, 2 L/min).
MRI of the brain was acquired in ventral recumbency

with 3 Tesla scanner (Siemens, Magnetom Verio). The

following MRI sequences were applied: Fast spin echo
(FSE) T2-weighted (T2W) sagittal, dorsal and transverse
images, T2W fluid attenuated inversion recovery (FLAIR)
transverse images, transverse gradient echo images (sus-
ceptibility weighted imaging-SWI), and FSE T1-weighted
(T1W) 3D images following intravenous administration.
MRI showed domed shaped calvaria with evidence of

an asymmetric conformation of the frontal bones with
focal thinning of the right frontal bone. The parenchyma
of the cerebral hemispheres was markedly thinned. At
the level of the left frontal lobe there was a marked,
heterogenous, lobulated lesion in the subarachnoid space
with a severe mass effect on the cortical surface causing
medial displacement of the brain parenchyma. From the
frontal lobe caudally towards the occipital bone, there
was an comparable broad-based lesion with severe mass
effect on the hemisphere that was deformed and dis-
placed towards the right side. The ventricular system
was entirely collapsed at the right temporal and left
frontal lobe. A third lesion was seen between the occipi-
tal lobes and the cerebellum which created caudal dis-
placement and herniation of the caudal aspect of the
cerebellum through the foramen magnum. The material
between brain surface and meninges was characterized
by severe heterogeneous hyperintense signal in T2W/
FLAIR and heterogenous isointense T1W with moderate
peripheral and internal contrast uptake (Fig. 1a-d). In
the gradient echo sequence, the material presented
multifocal susceptibility artifacts. MRI was consistent
with internal hydrocephalus. In addition, the hemi-
spheres were collapsed at the right temporal and left
frontal lobe with subacute and chronic haemorrhage fill-
ing the adjacent subarachnoid space as well as subten-
torial and cerebellar herniation.
Based on the MRI findings, blood sample for the co-

agulation profile including prothrombin time (PT), par-
tial thromboplastin time (PTT), antithrombin III,
fibrinogen and D-dimers was evaluated. The results were
unremarkable. Because of marked signs of increased
intracranial pressure on the MRI, cerebrospinal fluid
puncture was not performed at that point.
Due to the severity of neurological signs including obtun-

dation and the presence of marked signs of increased intra-
cranial pressure, the dog was taken to emergency surgery
for decompression. Left frontal and right temporal craniot-
omy for removal of the haemorrhage was performed. The
dural surface was bulging over the craniotomy, indicating
high intracranial pressure The subarachnoid haemorrhages
were evacuated gradually. Twenty milliliters of brownish,
serous fluid were punctured and submitted for cytology
and bacterial culture. Normal CSF pulsation was observed
after removing the fluid. Following craniotomy, suboccipital
decompressive craniectomy was obtained to minimize cere-
bellar herniation.
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While the results of cytology and bacterial culture were
pending, intravenous antibiotic treatment with cefotaxime
(20mg/kg i.v; Hexal, 1 g, powder for solution for injection,
Fresenius Medical Care, Germany) was initiated to
minimize the risk of postoperative sepsis and was contin-
ued over seven days. Postoperative care included electro-
cardiography (ECG), supplementation of oxygen, frequent
blood pressure control and blood gas analysis with elec-
trolyte status, fluid therapy (isotonic saline solution, 0.9%,
4mL/kg, B. Braun, Melsungen AG) and pain management
with metamizole (50mg/kg p.o., Hexal®, Fresenius Medical
Care, Germany), gabapentin (10mg/kg p.o., Sandoz® Phar-
maceuticals GmbH) and methadone (1mg/kg i.v, Comfor-
tan® 10mg/mL solution for injection for dogs and cats,
Dechra Veterinary Products, UK) and strict cage rest. In
the meantime, results of the bacterial culture were avail-
able and were unremarkable. Venous blood gas analysis
with electrolytes and complete blood work were repeated,
with no abnormal results. The dog’s neurological status
improved over the following days showing bright menta-
tion and ambulatory gait with no proprioceptive deficits.
Moderate cerebellar ataxia with moderate visual impair-
ment was further observed. The dog was discharged from
the hospital after seven days.

In the follow-up neurological examination three
months after the initial consult, the dog showed
complete resolution of mentation deficits and gait ab-
normalities. Moderate ventro-lateral strabismus was still
present. The menace response was moderately reduced
bilaterally, however previously documented visual defi-
cits were not noticed any longer.
The repeat MRI showed an increase in volume of the

cerebral parenchyma in comparison to previous examin-
ation. The subarachnoid haemorrhages were significantly
decreased in size, but still present. Their signal intensity
changed compared to previous exam, being character-
ized by severe heterogeneous mixed hypointense and hy-
perintense signal in T2W/FLAIR, isointense in T1W
with moderate peripheral and internal contrast uptake
(Fig. 2 a-d). There was moderate mass effect on the cere-
bellum which showed reduction in volume, irregular
shape with cranial flattening. The cerebellar parenchyma
showed mild increase in volume. Minimal herniation of
the caudal aspect of the cerebellum through the cra-
niectomy site was present. The ventricular system was
asymmetric and moderately distended, the mesenceph-
alic aqueduct could not be delineated, which suggests
aquaeductal stenosis as the underlying cause for the

Fig. 1 MRI images of the twelve-week-old, male Golden Retriever with internal hydrocephalus and acute ventricular collapse. Dorsal T2W (a),
transverse T1W (b), transverse T1W after contrast administration (c) and transverse SWI (d) images of the brain. MRI showed marked thinning of
the cerebral parenchyma and collapse of the hemispheres with marked subacute and chronic haemorrhage filling the adjacent subarachnoid
space extending from the frontal lobe to the occipital lobe bilaterally. In the SWI sequence (d), the material presented multifocal susceptibility
artifacts confirming the presence of the haemorrhages
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internal hydrocephalus. In follow up clinical assessments
after six and twelve months postsurgical examination,
the neurological status of the dog was maintained, there-
fore no further imaging was obtained.

Discussion
Neurological signs in dogs and cats with congenital in-
ternal hydrocephalus usually occur within the first 6
months of life [5]. Commonly observed clinical sings in-
dicate mostly forebrain disorder- visual impairment,
obtundation, circling and behavioral abnormalities [5,
15, 16]. The majority of dogs show a slow progression of
neurological deficits. Occasionally, acute worsening of
the clinical status is observed, usually following a minor
traumatic event [5]. To our knowledge, this is the first
case report of spontaneous hemispheric ventricular col-
lapse and secondary subarachnoid haemorrhage in an
untreated dog with internal hydrocephalus. Ventricular
collapse has been described as a consequence of an ex-
cessive shunting in patients with hydrocephalus internus
after the surgical placement of the ventriculoperitoneal
shunt (VPS) [3, 11]. Excessive shunting and associated
ventricular collapse with occurrence of subdural hema-
tomas or subarachnoid haemorrhages is a potential post-
operative complication was found in 2.7–2.8% dogs [3,
11]. Current literature pertaining to veterinary medicine

does not document any cases involving spontaneous
ventricular collapse in dogs. Hydrocephalus rarely re-
mains untreated in humans, therefore limited data is
available on spontaneous ventricular pathology. One of
the observed complications is the ventricular rupture
secondary to intracranial hypertension in patients with
untreated hydrocephalus [17, 18]. Other possible reason
is the instability of intracranial pressure (ICP) within the
ventricular system due to changes in pressure gradients.
Gradient-related results in literature regarding studies
on humans [19–21] and experimental studies on animals
[22, 23] are contradictory. One of the hypothesis is that
pressure gradients exist between the ventricles, brain tis-
sue, and subarachnoid space when acute hydrocephalus
develops [20, 21, 24, 25]. However, in an experimental
study on six dogs using implant pressure sensors, no
consistent pressure differences were found between the
ventricle, brain, and subarachnoid space before kaolin
administration or when hydrocephalus later developed
[22]. It remains unclear, whether low/high pressure gra-
dients, a sudden pressure decrease or reversed pressure
gradients in the course of ventricular distension could
cause sudden increase/decrease in ICP and spontaneous
ventricular collapse in the present study. Studies on a
larger group of dogs with internal hydrocephalus are ne-
cessary to demonstrate those mechanisms in animals.

Fig. 2 Follow-up MRI three months postsurgical intervention of the Golden Retriever with ventricular collapse. Dorsal T2W (a), transverse T1W (b),
transverse T1W after contrast administration (c) and transverse SWI (d) images of the brain. Repeated MRI showed an increase in volume of the
cerebral parenchyma and a moderate reduction in volume of the haemorrhages in comparison to previous examination
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Another theory regarding sudden change in the intra-
cranial pressure is the head and body position. The ef-
fect of the head and body position and changes in the
mean ICP have been recently examined using subdural
and intraparenchymal miniature strain-gauge transduc-
ers in healthy dogs [26]. Head down positioning was cor-
related with an increase in ICP. Conversely, another
report showed no correlation between the head position
and ICP [27]. The actual cause of the ventricular col-
lapse in the present case remains elusive.
The incidence of subdural hematomas and subarach-

noid haemorrhages is a well described complication after
shunt placement in human [12, 13, 28] and veterinary
medicine [11, 29, 30] and are thought to be a result of
stretching and eventual disruption of the dura-arachnoid
desmosomal attachments and bridging veins while the
intracranial pressure changes secondary to the placed
shunt and excessing opening pressure in the valve [30,
31]. Sporadically, hematomas resolve spontaneously
without surgical intervention. The dog showed clinical
signs of sudden neurological deterioration, therefore the
decision of the emergency evacuation of the subarach-
noid haemorrhage and a decompressive craniectomy was
made. The primary cause of the development of the
haemorrhage in our case remains unclear. Although
traumatic event has not been reported by the owner, it
cannot be entirely excluded as a potential etiology. We
speculate, that possibly changing intracranial pressure
could have caused the rupture of the periventricular
veins.
Neurological sings suggesting ventricular collapse in

dogs with internal hydrocephalus can be non-specific
and depend on the severity of the collapse. Acute onset
neurological deterioration including change in menta-
tion, sudden visual impairment with gait abnormalities
including paresis and ataxia can be observed.
Emergency craniotomy for removal of subarachnoid

haemorrhage and suboccipital craniectomy were per-
formed to improve the neurological status of the dog
and prevent further deterioration. The ventriculoperito-
neal shunt was not placed in this case to avoid potential
changes in intracranial pressure. In the follow-up exam-
ination, the neurological deficits almost completely re-
solved, improving dog’s quality of life so that no further
surgical intervention was necessary.

Conclusions
In conclusion, this report presents that ventricular collapse
can occur spontaneously in dogs with severe congenital
hydrocephalus internus. Removal of the subarachnoid
haemorrhage as well as decompressive craniectomy is an
effective treatment option in dogs suffering from secondary
serious subarachnoid haemorrhage. Almost complete reso-
lution of the acute neurological signs demonstrates an

outstanding ability of the hydrocephalic cortex to function
after extreme deformation.
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