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Abstract

Background: Overshunting and hemispheric collapse are well-known complications
after ventriculoperitoneal shunt (VPS) implantation. Risk factors that predispose to
overshunting, treatment options, and prognosis after therapeutic intervention have
not been described.

Hypothesis/Objectives: To identify preoperative risk factors for overshunting, the
effect of surgical decompression, and their outcomes.

Animals: Seventy-five dogs and 7 cats.

Methods: Retrospective case cohort study. Age, breed, sex, body weight, number of
dilated ventricles, ventricle brain ratio, intraventricular pressure, and implanted pres-
sure valve systems were evaluated as possible risk factors.

Results: Overshunting had a prevalence of 18% (Cl 95% 9.9-26.66). An increase of
0.05 in VBR increased the risk of overshunting by OR 2.23 (Cl 95% 1.4-3.5;
P = .001). Biventricular hydrocephalus had the highest risk for overshunting com-
pared to a tri- (OR 2.48 with Cl 95% 0.5-11.1) or tetraventricular hydrocephalus
(OR 11.6 with Cl 95% 1.7-81.1; P = .05). There was no influence regarding the use of
gravitational vs differential pressure valves (P > .78). Overshunting resulted in hemi-
spheric collapse, subdural hemorrhage, and peracute deterioration of neurological
status in 15 animals. Subdural hematoma was removed in 8 dogs and 2 cats with
prompt postoperative improvement of clinical signs.

Conclusions and Clinical Importance: Biventricular hydrocephalus and increased
VBR indicate a higher risk for overshunting. The use of differential valves with gravi-
tational units has no influence on occurrence of overshunting related complications
and outcomes. Decompressive surgery provides a favorable treatment option for

hemispheric collapse and has a good outcome.

Abbreviations: ASD, antisiphoning devices; Cl, confidence level 95%; cm H,O, centimeters of water column; CSF, cerebrospinal fluid; FLAIR, fluid-attenuated inversion recovery; ICP, intracranial

pressure; IVP, intraventricular pressure; kg, kilogram; mm Hg, millimeters of mercury; MRI, magnetic resonance imaging; ms, milliseconds; PACS, Picture Archiving and Communication System;
TE, echo time; TR, repetition time; VBR, ventricle brain ratio; VPS, ventriculoperitoneal shunting.
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1 | INTRODUCTION

Internal communicating hydrocephalus is the most common
malformation in dogs and cats.*™* Common clinical signs associated
with ventricular enlargement and damage to the periventricular
white matter are visual impairment, obtundation, ataxia, behavioral
changes, and ventrolateral strabismus.'™ Implantation of a ventricu-
loperitoneal shunt (VPS) system remains the treatment of choice,
offering reconstitution of the brain parenchyma and resolution of
clinical signs.>® However, among other complications, overshunt-
ing resulting in hemispheric collapse and subdural hemorrhage can
occur in around 25% of cases during the first 3-6 months after VPS
implantation.>? This complication is often fatal and leads to eutha-
nasia in dogs and cats.

Overshunting is also a well-known complication in human neuro-
surgery, which occurs in 10%-18% of patients treated with VPS.”® In
children, posthemorrhagic hydrocephalus, aqueductus stenosis as

9-11

well as VPS placement in the first months of life, neonatal

1113 and implantation of low pressure opening valves are

meningitis,
common risk factors.”1#1> In adults, overshunting mostly occurs after
changing from a lying into a standing position, when the hydrostatic
pressure in the vertical catheter causes a siphon effect. Several valve
technologies such as membrane antisiphoning devices, flow regulated
valve systems, and adjustable gravitational valves are available for
humans to reduce cerebrospinal fluid (CSF) flow across the valve and
therefore, prevent a siphoning effect and overshunting.'¢2° While
risk factors for overshunting are well described and the benefit of
gravitational valves and the efficacy of treatment options for hemi-
spheric collapse were demonstrated in hydrocephalic humans,?*-2*
such data are scarce in dogs and cats.?> The aim of this study was
therefore first, to document risk factors for overshunting causing sub-
dural hemorrhage and hemispheric collapse, and second to assess the
efficacy of a decompressive surgery in shunt overdrainage and

collapse.

2 | MATERIALS AND METHODS

In this retrospective case cohort study, medical record databases of the
Department of Veterinary Clinical Science, Small Animal Clinic, Justus-
Liebig-University Giessen, Germany were searched for records with a
diagnosis of internal hydrocephalus and implantation of a VPS dated
from January 2001 to December 2021. Data collected from the records
included the animals' age in months at the time of diagnosis, breed, sex,
body weight, neutering status, clinical signs before and after VPS
implantation, intraventricular pressure (IVP) measured in surgery,
and implanted valve system (gravitational pressure valve vs prefixed

differential pressure valves). Clinical signs related to overshunting,

causing hemispheric collapse and subdural hemorrhage, as well as
time of deterioration after VPS implantation were noted if they
occurred. Outcomes for dogs and cats that underwent surgical
decompression were evaluated based on the improvement of clinical
signs. Clinical signs before VPS placement and 3 months after the
second surgery were compared. Improvement of clinical signs is
defined as resolution of 1 or more clinical signs that were present
before VPS placement. Unchanged means same clinical signs before
and after VPS treatment and second decompressive surgery. Eutha-
nasia was performed on owners request, either because they
declined further treatment or because of deterioration of clinical

signs. Dead refers to a spontaneous death during treatment.

21 | Magnetic resonance imaging

Imaging was performed using 3.0 Tesla high field MRI scanner (Phillips
Intera Gyroscan, Philips Healthcare, Hamburg, Germany) or 1.5 Tesla
high field MRI scanner (Siemens Verio, Siemens Healthcare, Erlangen,
Germany). Images included at least sagittal, transverse, and dorsal
T2-weighted images (Turbo Spin Echo, TR 2900 ms, TE 120 ms, slice
thickness 3 mm), and T1-weighted pre- and post-contrast medium
administered images (TR 588, TE15, slice thickness 1 mm).

2.2 | Image analysis
All MRI datasets were retrieved from the relevant PACS system and
evaluated retrospectively by a board-certified neurologist (DF). The
images were evaluated for morphological and morphometric criteria
allowing grading of ventricular enlargement and the presence of
increased IVP as well as for the number of affected ventricles. These
morphological criteria were the flattening of gyri and sulci, deforma-
tion of the interthalamic adhesion, disruption of the internal capsule,
dilatation of the olfactory recess, and presence of periventricular
edema. Corpus callosal height was measured and assessment of lat-
eral ventricle size was performed using a ventricle/brain ratio (VBR)
described elsewhere.?® Cases of hemispheric collapse after VPS
implantation were evaluated for the location of subdural CSF and
hemorrhage, the position of the ventricular catheter, and the pres-
ence of any brain herniation. A total collapse of the cerebral hemi-
spheres was graded as “severe” collapse, a 50% compression of
brain parenchyma by subdural fluid was graded as “moderate” and a
20% compression of brain parenchyma by subdural fluid was graded
as “mild.”

Approval from the ethics committee of the Justus-Liebig-University
was not sought as retrospective studies of images and records stored in

the archive are not subject to ethical review.
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2.3 | Shunting procedures

VPS was performed using commercially available shunt systems
(miniNAV and paediGav Miethke GmbH & Co KG, Potsdam,
Germany).?” The shunt system in all dogs and cats included either a
ball valve with prefixed opening pressures (miniNAV 5, 10, or 15 cm
H,0) or a gravitational valve (paediGAV) that works in a position-
dependent manner. The gravitational valve system includes 2 ball
valves; in a laying position, only the prefixed pressure unit offers resis-
tance against the IVP (9 cm H,O = 6.6 mm Hg). In a standing position,
the higher valve opening pressure of the gravitational unit (19 cm
H,0 = 14 mm Hg) must be overcome, which offers additional protec-
tion against overshunting. Both systems have a CSF prechamber
included that was placed subcutaneously at the level of the cervical
spine. There was no rationale for the use of 1 or the other system.
There was a trend to use gravitational valves in the first 10 years of
the observation period, whereas valves with prefixed opening pres-
sures prevailed in the second decade. Opening pressures of the pre-
fixed differential valve systems were chosen in relation to the
measured IVP in the individual animals.

IVP was measured using a commercially available system for
humans using a single use piezo-resistive strain-gauge sensor
mounted in a miniature titanium case at the tip of a flexible nylon
catheter (MicroSensor ICP probe) as described previously.?®

IVP was measured in 47 animals, all of them received a prefixed
differential pressure valve. Dogs with IVP < 5 mm Hg received a valve
with an opening pressure of 5 cm H,0O, in dogs with IVP between
6 and 12 mm Hg valves with an opening pressure of 10 cm H,O was
chosen. In all other dogs (IVP > 13 mm Hg), 15 cm H,O valves were
used. In animals that received a gravitational valve system IVP was
not measured.

2.4 | Statistical analysis

Statistical analysis was performed using a commercial statistical soft-
ware package (Base SAS 9.4 Procedures Guide: Statistical Procedures,
2nd edition ed. Statistical Analysis System Institute Inc., Cary, North
Carolina, USA). Prevalence of hemispheric collapse was assessed and
a mean value and SD were calculated to determine a binominal pro-
portion confidence level (Cl) of 95%. Overshunting related complica-
tions were evaluated as a dependent, dichotomous variable and are
defined as subdural hemorrhage and hemispheric collapse. Breed,
body weight, age, VBR, IVP, number of affected ventricles, implanted
valve system and pressure settings within differential pressure valves
were evaluated as independent variables to evaluate their influence
on overshunting related complications. Because of a low sample size
logistic regression analysis was performed for every single variable.

A log10 transformation was performed on the variables age and
body weight and to gain normally distributed data and a Wald chi-
square test were performed to compare these variables in animals
with and without overshunting related complications. Sex distribution

was further summarized to male and female because of very few
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neutered animals and an exact Pearson chi-square test and logistic
regression analysis was performed to evaluate the sex as a risk factor
for overshunting related complications. Species correlation to over-
shunting related complications was done by using an exact Pearson
chi-square test and logistic regression analysis. The evaluation of
breed as a risk factor for overshunting was not possible for every sin-
gle breed because of distribution of data. Therefore, breeds were
grouped into small breeds (<5 kg), medium breeds (6-20 kg), and large
breeds (<21 kg) and an exact Pearson chi-square test and logistic
regression analysis was used to evaluate a correlation between these
groups and overshunting related complications. The number of
affected ventricles and VBR were normally distributed. An exact Pear-
son chi-square test and a logistic regression based on a maximum like-
lihood estimation were performed to evaluate the correlation of a bi-,
tri, or tetraventricular hydrocephalus in animals with and without
overshunting related complications. Furthermore, an odds ratio calcu-
lation was performed to compare the likelihood of overshunting
related complications between groups with different affected ventri-
cles. A Wald chi-square test and an odds ratio were performed on
VBR to compare between animals with and without overshunting
related complications. A log10 transformation was performed on the
data of IVP to set a normal data distribution and a Wald chi-square
test was used to evaluate correlation of IVP to overshunting related
complications. To evaluate the use of different valve systems (gravita-
tional vs prefixed differential pressure valves) an exact Pearson chi-
square test was used to look for dependencies between animals with
and without overshunting related complications. To evaluate the influ-
ence of different pressure settings (5, 10, and 15 cm H,0) of the pre-
fixed differential pressure valves on the development of overshunting
related complications another exact Pearson chi-square test was per-
formed. For all statistical tests, a significance level of 0.05 was
applied.

3 | RESULTS

3.1 | Animals

Eighty-two animals (75 dogs and 7 cats) were included in the study. The
median age was 7 months (1-67 months), median body weight was
3.7 kg (1.1-58 kg). There were 26 females, 2 neutered females, 43 males,
and 11 neutered males. Fifteen animals presented with a hemispheric
collapse after VPS. Time of associated deterioration of neurologic status
ranged from 4 to 60 days after VPS (median 18 days). Hemispheric col-
lapse and associated subdural hemorrhage had a prevalence of 18%
(n = 15 animals; Cl 95% 9.9-26.66).

3.2 | Risk factor evaluation
All animals were evaluated for species, body weight, age, sex, number
of affected ventricles. No significant influences of body weight, age,

sex, or breed were found (Table 1). VBR was calculated in all, but
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TABLE 1

Summary of statistical results of the logistic regression analysis showing number of observations used, results of Wald chi-square

test, P-value, and odds ratio with associated confidence level of 95% for each tested variable.

Nr. of Wald

Tested variable observations used  chi-square
Log10 (weight) 82 0.011
Log10 (age) 82 0.13
Sex 82 0.22
Breed

Small (<5 kg) 82 0.66

Medium (5-20 kg)

Large (>20 kg)
Species

Dogs 82 8.29

Cats
VBR 81 11.98
Affected ventricles

Biventricular 81 6.22

Triventricular

Tetraventricular
VPS system

Gravitational valve 76 0.09

Prefixed differential pressure valve
Prefixed differential pressure valves

Opening pressures 48 1.19
Log10 (IVP) 46 2.86

Note: A log10 transformation was used for weight, age, IVP, and VBR.
Abbreviations: IVP, intraventricular pressure; VBR, ventricle brain ratio.

1 animal. A higher VBR was significantly associated with a higher risk
for overshunting related complications. An increase of 0.05 in VBR
increased the risk of overshunting by OR 2.23 (Cl 95% 1.4-3.5;
P =.001; Table 1). Furthermore, the number of affected ventricles
was also a significant parameter for overshunting (P = .05). A biventri-
cular hydrocephalus carried a higher risk of overshunting related com-
plications compared to a tri- (OR 2.48 with Cl 95% 0.6-11.1) or
tetraventricular hydrocephalus (OR 11.6 with Cl 95% 1.7-81.1). Tri-
ventricular hydrocephalus in turn was also at higher risk for over-
shunting (OR 4.68 Cl 95% 0.9-23.2) compared to tetraventricular
hydrocephalus (Table 1). IVP was measured in 47 cases. IVPs ranged
from 1 to 35 mm Hg. A higher or lower IVP was not identified as a risk
factor for overshunting (Table 1). Twenty-eight gravitational pressure
valves and 48 differential pressure valves were used; for 6 animals,
the implanted valve system was not recorded. Within the group that
was affected by hemispheric collapse and subdural hemorrhage 6 ani-
mals received a gravitational valve and 8 received a prefixed differen-
tial pressure valve, for 1 animal the valve system was not recorded.
The type of valve system had no influence on the development of

subdural hematoma or hemispheric collapse (Table 1). Furthermore,

Confidence
P-value Odds ratio  level 95%
.92 0.94 0.29-3.03
72 0.79 0.23-2.78
.78 Male vs female 1.31 0.41-4.2
72 Small vs medium 1.51 0.35-6.47
Small vs large 0.8 0.24-2.68
Medium vs large 0.53 0.11-2.46
.004 Cats vs Dogs 13.13 1.8-145.78
.001 2.23 1.42-3.5
.05 Bi- vs Triventric. 2.48 0.56-11.07
Bi- vs Tetravent. 11.6 1.66-81.10
Tri- vs Tetravent. 4.68 0.94-23.18
.75 Gravitational vs prefixed 0.83 0.25-2.72
differential pressure valve
.55 5vs 10 cm H,O 1.42 0.34-6.37
5vs 15 cm H,O 0.29 0.02-5.5
10 vs 15 cm H,0 0.2 0.01-3.91
.09 0.17 0.021-1.33

there was no difference observed in the use of high or low prefixed
differential pressure valve systems (Table 1). Species, however,
revealed a significant influence on the occurrence of overshunting. All
cats in this study presented with a VBR > 0.81 and were more likely
to develop hemispheric collapse and subarachnoid hemorrhage than
dogs (OR 13.13 Cl 95% 1.8-145.8; P = .004; Table 1).

3.3 | Outcome of subdural hematoma excavation

Eight dogs and 2 cats underwent decompressive surgery. Correspond-
ing to the found risk factor, the VBR before VPS implantation was
>0.85 in all but 1 case. All animals received a bilateral craniotomy at
the level of the left and right parietal bone to drain subdural CSF and
hemorrhage. The amount of evacuated hemorrhagic fluid from the
subdural space was a median of 15 mL but ranged from 2 to 65 mL.
Four animals received additional suboccipital craniectomy because of
foraminal herniation visible on previous MRI (Figure 1). The ventricu-
lar catheter was still within the ventricle in 6/10 animals, but the corti-

cal mantle was wrapped around the tip of the catheter in these cases.
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FIGURE 1 T2 weighted MRI pictures of a 49 months-old Italian greyhound before ventriculoperitoneal shunt (VPS) placement (A-C), 4 days
after VPS placement with hemispheric collapse (D-F), and 3 months after bilateral craniotomy and suboccipital craniectomy (G-1). Note the
concave contour of the ventricles at time of hemispheric collapse and the subarachnoid accumulation of T2 hyper- and hypointense material
which compresses both cerebral hemispheres (D-F). The ventricular catheter is completely surrounded by brain tissue (E, F). There is severe
cerebellar herniation through the foramen magnum (D). At 3 months control (G-1) there is still some hypointense lining following the left parietal
bone (H, 1), but the ventricular catheter is positioned within the ventricle (G, I) and there is no evidence for cerebellar herniation (G).

The ventricular catheter was within the brain parenchyma in 2/10 ani-
mals and outside the ventricle within the subarachnoid space in 1/10
animals. For 1 animal, the position of the ventricular catheter was not
documented. The ventricular catheter was left in place in all animals
and ventricular catheter position was documented. The majority of
animals showed an improvement of clinical signs 1 to 3 days after sur-
gical decompression (8/10). Overall, clinical signs improved after surgi-
cal decompression. Clinical presentation before and after surgery is
presented in Table S1. Some clinical signs like strabismus (1/1), nys-
tagmus (1/1), and seizures (4/4), however, remained but were also
present even before VPS placement. Additional therapy included pain
medication like methadone 0.1 mg/kg i.v. every 4 h (10/10), metami-
zole 50 mg/kg i.v. every 8 h (8/10), metacam 0.1 mg/kg i.v. every
24 h (2/10). Antibiotic therapy included cefotaxime 20 mg/kg
i.v. every 8 h (10/10). Antiemetic therapy was required in 3/10 cases
(metoclopramide 0.1 mg/kg i.v.). Antiepileptic treatment during

hospitalization included phenobarbital at varying doses but at a mini-
mum of 2.5 mg/kg i.v./p.o. every 12 h (4/10), midazolam constant rate
infusion 0.2 mg/kg/h i.v. (2/10) and levetiracetam 20 mg/kg i.v. every
8 h (1/10). After dehospitalization seizures were under control with
phenobarbital at varying doses but at a minimum of 2.5 mg/kg every
12 h. One dog (Samoyed) remained unchanged and showed visual
deficits, ataxia, and strabismus. One European Shorthair cat was
euthanized because of worsening of clinical signs 5 days after decom-

pressive surgery.

4 | DISCUSSION

VPS is recommended as the treatment of choice for dogs and cats
with internal hydrocephalus.>® Despite good long-term outcomes in

most dogs and cats, the procedure continues to be associated with
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well-known complications. After volume decrease of the ventricles
and reduction of the IVP, the subarachnoid and subdural spaces
expand, often beyond physiological limits. CSF accumulates in this
space creating a hygroma, which is usually clinically irrelevant. In some
cases, expansion of the subarachnoid space results in rupture of the
bridging veins and subdural or subarachnoid hematoma formation.
The mixture of blood and CSF then results in a hemorrhagic subdural
fluid that causes compression of the hemispheres and hemispheric
collapse. This complication occurs after VPS in animals and humans
alike.22?-31 Prevalence of overshunting related complications such as
hemispheric collapse and subdural hematoma was 18% (Cl 95%
9.9-26.66) among the animals treated with VPS in this study. This is
similar to other reported complication rates in veterinary and human
medicine. 278

The major predisposing factor in humans is the implantation of a
VPS in very young infants in the early postnatal phase.”** The high
prevalence of subdural effusions in infants is likely because of the fact
that their brain parenchyma has less stiffness and yields more easily
after a decrease of IVP resulting in rupture of the bridging veins in the
subarachnoid space.®233 We could not document age as a risk factor,
however, whereas human infants often undergo surgery in their first
days of life, dogs and cats are usually not operated on during their
neonatal phase. The subgroup most at risk in humans is therefore not
included in our study group.

The potential influence of parenchymal stability on the occur-
rence of hemispheric collapse and subdural hematoma might be sup-
ported by the fact that severe ventricular enlargement or increased
VBR was associated with increased risk of hematoma formation and
hemispheric collapse in this study. This study found a higher risk for
cats to develop overshunting compared to dogs, but this is surely
biased by the fact that the cats in this study all had high VBRs (>0.81).
Chronicity of severe ventricular enlargement was also found to be
predisposing for hemispheric collapse and subdural hematoma forma-
tion in children.?34-3¢

Another predisposing risk factor for subdural hematoma and
hemispheric collapse in humans is the development of internal hydro-
cephalus as a consequence of periventricular/intraventricular hemor-
rhage. The finding of posthemorrhagic hydrocephalus as a risk factor
for subdural hemorrhage might again be associated with the young
age of infants as posthemorrhagic hydrocephalus most frequently
occurs in preterm infants. This finding is, however, controversial as
some studies did not find an association between the etiology of
hydrocephalus and occurrence of overshunting and subdural hemor-
rhage.3” While the development of hydrocephalus after intraventricu-
lar injection of autologous blood in dogs is clearly demonstrated,38%?
the prevalence of naturally occurring periventricular hemorrhage as an
underlying cause for internal hydrocephalus is unknown.*® We could
only find evidence of hemorrhage in one 2-month-old dachshund in
our study group, which again prevents a comparison between human
patients and our study group. The systematic use of susceptibility-
weighted studies aiming to identify periventricular hemorrhage in
hydrocephalic animals would be valuable to evaluate this finding as a

risk factor in the future. The relevance of this finding lies in the fact

that intraventricular thrombolytic treatment is recommended as treat-
ment for children with posthemorrhagic hydrocephalus,** which might
be an alternative or adjunct therapy for animals, too.

Evaluation of IVP dynamics clearly demonstrated the influence of
body position on CSF drainage in hydrocephalic human adults.*?"*”
Higher CSF draining was associated with a standing position and the
addition of the hydrostatic pressure in the shunt system to IVP that in
sum act on the valve's resistance to CSF flow.*®“? The use of shunts
without antisiphoning devices is another major risk factor for over-
drainage and hematoma in most human studies.”® We could not find a
significant difference in the use of gravitational or prefixed differential
pressure valves with regard to the occurrence of overshunting related
complications. The impact of the hydrostatic force within the shunt
depends on the distance between the intraventricular and peritoneal
cavities.” This distance is much lower in dogs, especially in toy-breed
dogs and cats, which could explain the missing benefit for differential
valves in animals. The positioning of the gravitational valve system
might play an important role as it affects the function of CSF drainage
in the standing human where it is placed in a parallel line to the verte-
bral column. Dogs in this study received the gravitational valves in a
vertical line to the vertebral column in order to take care of the differ-
ent position during standing compared to humans. Due to changes of
subcutaneous valve positioning during growth, the position some-
times changes to a more oblique manner. The effect of gravitational
valve positioning and the development of overshunting related com-
plications in humans or animals remains to be investigated. Occur-
rence of overshunting was also no more frequent in larger dogs,
which poses the question as to whether gravitational forces have a
relevant impact on CSF drainage in dogs. The benefit of a gravitational
valve to avoid posture-dependent overdrainage is not consistently
documented in humans.®° It is suggested that it was not the pressure
changes under continuous drainage that resulted in subdural hemor-
rhage, but rather the sudden drop of IVP after insertion of the ventric-
ular catheter through the cortical mantle. In favor of this theory is the
finding that subdural hemorrhage can also occur after endoscopic
third ventriculostomy, in which a siphoning effect can be ruled
out.5152

Sudden increase in VP might enhance CSF drainage independent
from gravitational forces inside the shunt. In humans that forced

3 4 and increased resis-

respiration,5 increased abdominal pressure,5
tance of venous outflow increase intracranial pressure (ICP),>> which
exerts an influence on forced CSF pulsation, as in dogs.’® ICP mea-
surements in clinically healthy Beagles have significant variation from
baseline ICP accompanying physical activity and, especially a head
down posture increasing ICP to >25 mm Hg,®” which is far beyond
the opening pressures of the valves used here. The prefixed pressure
valve systems used in this study were chosen with pressure settings
of 5, 10, and 15 cm H,0, to ensure a physiological IVP of 5-12 mm
Hg after VPS placement. However dynamic IVP changes with physical
activity might play a relevant role in the pathophysiology of hemi-
spheric collapse in animals.

The number of involved cerebral ventricles had a clear effect on

the occurrence of ventricular collapse, with biventricular and
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triventricular hydrocephalus having a higher risk. A potential explana-
tion could be found in intraventricular CSF flow dynamics. During car-
diac systole, the brain fills with blood, increasing the parenchymal
volume and compressing the cerebral ventricles. This is the driving
force of CSF that flows from the lateral cerebral ventricles through
the third ventricle, mesencephalic aqueduct, and fourth ventricle into
the subarachnoid space. This flow is not unidirectional, but rather
back and forth with a net caudad flow of CSF out of the ventricles.>®
If the mesencephalic aqueduct is patent, reflow of CSF from the
fourth into the third and lateral ventricle might compensate for tem-
porary excessive CSF drainage through the shunt and support the cor-
tical mantle. Children with aqueductal stenosis have an increased risk
for hemispheric collapse.” Reflow from the fourth ventricle is blocked
in these patients, which might confirm the relevance of reflow from
the fourth ventricle for support of the cerebral mantle. In our study,
8 of 15 affected animals were presented with triventricular hydro-
cephalus, aqueductal stenosis was only present in 2 of these animals.

Given the retrospective character of our study and the single
logistic regression analysis of each variable we cannot exclude bias.
One example is that our results show a higher risk for cats to develop
overshunting compared to dogs which is biased by the fact that the
cats in this study all had high VBRs (>0.81). Influences from 1 variable
to the other cannot be excluded completely for the other risk factor
evaluations as well.

Ten animals, 8 dogs and 2 cats, underwent bilateral craniotomy and
evacuation of hemorrhagic fluid (subdural CSF and hemorrhage) for
decompression. Another 4 dogs received additional suboccipital craniect-
omy because of foraminal herniation visible on previous MRI. The posi-
tion of the ventricular catheter was within the lateral ventricle (9/15), or
within the parenchyma in 4/15 animals. In 1 animal, the ventricular cathe-
ter was outside the ventricle and brain parenchyma and in 1 animal the
location of the ventricular catheter was not reported. But even if the ven-
tricular catheter was within the ventricle the cortical mantle was wrapped
around the tip of the catheter because of the hemispheric collapse, so
that the ventricular catheter became obstructed. During the surgical pro-
cedure the ventricular catheter was left in place and was not further
manipulated. Therefore, a cortical rebuilding was only achieved by surgical
decompression, probably because the ventricular catheter was blocked
by the collapsed cortical mantle in most cases until CSF was reproduced
within the ventricles. Within 5 days after the surgical procedure a refilling
of the prechamber was noticed in 9/10 animals, indicating CFS flow
through the ventricular catheter into the VPS.

Animals that experienced hemispheric collapse had a time of
deterioration after VPS implantation of median 18 days (4-60 days)
which is less time than reported for overall complications.*? This
might indicate that hemispheric collapse in dogs and cats is an early
complication compared to obstruction and shunt infection or displace-
ment. Shunt displacement might be associated with growth of the ani-
mal in cases of shunt systems that are not placed in loops and become
too short. Obstruction on the other hand is because of the production
of protein and inflammatory cells within the CSF. Both conditions
might need more time to develop than overshunting related complica-

tions such as hemispheric collapse.

ylnt
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Clinical signs at deterioration included, obtundation stupor or
coma (12/15), ataxia/tetraparesis (10/15), vision deficits (7/15), sei-
zures (5/15), pain (4/15), strabismus (4/15), absent physiological nys-
tagmus (3/15), nystagmus (3/15), and 1 dog showed a Cushing's
reflex as a sign of increased ICP (1/15). These signs are highly indica-
tive not only of forebrain but also of brainstem involvement. The pres-
ence of Cushing's reflex (hypertension, bradycardia, and irregular
breathing pattern) furthermore indicates an abrupt increase in ICP,
and immediate intervention should follow. This patient was an Italian
greyhound who showed clinical deterioration 4 days after VPS place-
ment during hospitalization, so that MRI and decompressive surgery
including suboccipital craniectomy took place immediately. The dog
recovered well from the procedure and showed a normal neurological
examination and good quality of life at a control examination
3 months after surgical decompression.

Clinical signs such as nystagmus, seizures, and strabismus were pre-
sent in some dogs before placement of VPS and remained throughout
therapy. The occurrence of seizures in this study seems to be higher than
the reported prevalence of 1.7% for hydrocephalus in animals.’’ How-
ever, as we only included animals that underwent surgery it does not
reflect the overall population of animals presenting with internal hydro-
cephalus. Seizures were under well control with phenobarbital at various
doses in 3/4 animals. One cat that also suffered from seizures was eutha-
nized because of a comatose mental state and ongoing generalized sei-
zures 5 days after decompressive surgery. The overall outcome for dogs
and cats that received decompressive surgery after hemispheric collapse
was favorable with 8/10 animals surviving and showing improvement of
clinical signs. The lack of an untreated or medically treated control group
remains a limitation of this study and given the low number of surgically
treated cases in this study, further investigation is needed to provide
more evidence and prognostic information in these cases.

ACKNOWLEDGMENT
No funding was received for this study. Open Access funding enabled
and organized by Projekt DEAL.

CONFLICT OF INTEREST DECLARATION

Authors declare no conflict of interest.

OFF-LABEL ANTIMICROBIAL DECLARATION
Authors declare no off-label use of antimicrobials.

INSTITUTIONAL ANIMAL CARE AND USE COMMITTEE
(IACUC) OR OTHER APPROVAL DECLARATION

Authors declare no IACUC or other approval was needed.

HUMAN ETHICS APPROVAL DECLARATION
Authors declare human ethics approval was not needed for this study.

ORCID
Daniela Farke = https://orcid.org/0000-0002-6007-332X
https://orcid.org/0000-0001-6545-5370

https://orcid.org/0000-0002-3481-4737

Adriana Czerwik
Martin J. Schmidt

85UB017 SUOWIWIOD 2A 11810 3ol ddke ay) Aq pauenob e Sapiie YO 8SN JO Sa|nJ 10} ARIq1T8UIUO 8|1 UO (SUOTPUOO-PUR-SLLIBIALIO A8 |1 ARe.q 18U JUO//ScY) SUOTIPUOD PUe SWia | 8y} 885 *[7Z02/0T/20] Uo ARiqiauliuo 8|1 ‘Uessalo) eersieAlun Bigeisnisne Aq TO89T WIAITTTT 0T/I0pAuco" A3 1M Alelqjeuljuo//Sdny woiy pepeojumod ‘9 ‘€202 ‘9.9T686T


https://orcid.org/0000-0002-6007-332X
https://orcid.org/0000-0002-6007-332X
https://orcid.org/0000-0001-6545-5370
https://orcid.org/0000-0001-6545-5370
https://orcid.org/0000-0002-3481-4737
https://orcid.org/0000-0002-3481-4737

2276 | Journal of Veterinary Internal Medicine AC\?' M

FARKE ET AL.

[Open Access NN

Veterin:

an College of
rnal Medicine

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Gradner G, Kaefinger R, Dupré G. Complications associated with ven-
triculoperitoneal shunts in dogs and cats with idiopathic hydrocepha-
lus: a systematic review. J Vet Intern Med. 2019;33(2):403-412.

Biel M, Kramer M, Forterre F, et al. Outcome of ventriculoperitoneal
shunt implantation for treatment of congenital internal hydrocephalus
in dogs and cats: 36 cases (2001-2009). J Am Vet Med Assoc. 2013;
242(7):948-958.

De Stefani A, de Risio L, Platt SR, et al. Surgical technique, postopera-
tive complications and outcome in 14 dogs treated for hydrocephalus
by ventriculoperitoneal shunting. Vet Surg. 2011;40(2):183-191.
Shihab N, Davies E, Kenny PJ, Loderstedt S, Volk HA. Treatment of
hydrocephalus with ventriculoperitoneal shunting in twelve dogs. Vet
Surg. 2011;40(4):477-484.

Vite CH. Development disorders. Braund's Clinical Neurology in Small
Animals: Localization, Diagnosis and Treatment. Ithaca, NY: IVIS; 2006:
7-9.

Schmidt MJ, Hartmann A, Farke D, Failling K, Kolecka M. Association
between improvement of clinical signs and decrease of ventricular
volume after ventriculoperitoneal shunting in dogs with internal
hydrocephalus. J Vet Intern Med. 2019;33(3):1368-1375.

Ros B, Iglesias S, Linares J, Cerro L, Casado J, Arrdez MA. Shunt over-
drainage: reappraisal of the syndrome and proposal for an integrative
model. J Clin Med. 2021;10(16):3620.

Ho JM, Law HY, Yuen SC, Yam KY. Overshunting-associated myelop-
athy: report of 2 cases. Neurosurg Focus. 2016;41(3):E16.

Di Rocco C, Massimi L, Tamburrini G. Shunts vs endoscopic third ven-
triculostomy in infants: are there different types and/or rates of com-
plications? A Review. Childs Nerv Syst. 2006;22:1573-1589.

Albright A, Tyler-Kabara E. Slit-ventricle syndrome secondary to
shunt-induced suture ossification. Neurosurgery. 2001;48:764-769.
Fattal-Valevski A, Beni-Adani L, Constantini S. Short-term dexameth-
asone treatment for symptomatic slit ventricle syndrome. Childs Nerv
Syst. 2005;21:981-984.

Breimer GE, Sival DA, Hoving EW. Low-pressure valves in hydroce-
phalic children: a retrospective analysis. Childs Nerv Syst. 2012;28:
469-473.

Martinez-Lage JF, Pérez-Espejo MA, Almagro MJ, et al. Sindromes de
hiperdrenaje de las valvulas en hidrocefalia infantil. Neurocirugia.
2005;16:124-133.

Chernov MF, Kamikawa S, Yamane F, Ishihara S, Hori T. Neurofiber-
scope-guided management of slit-ventricle syndrome due to shunt
placement. J Neurosurg. 2005;102(Suppl S3):260-267.

Kan P, Walker ML, Drake JM, Kestle JRW. Predicting slitlike ventri-
cles in children on the basis of baseline characteristics at the time of
shunt insertion. J Neurosurg. 2007;106(Suppl S5):347-349.

Thomale UW, Gebert AF, Haberl H, Schulz M. Shunt survival rates by
using the adjustable differential pressure valve combined with a gravi-
tational unit (proGAV) in pediatric neurosurgery. Childs Nerv Syst.
2013;29:425-431.

Rohde V, Mayfrank L, Ramakers VT, Gilsbach JM. Four year experi-
ence with the routine use of the programmable Hakim valve in the
management of children with hydrocephalus. Acta Neurochir. 1998;
140:1127-1134.

Aschoff A, Kremer P, Hashemi B, Kunze S. The scientific history of
hydrocephalus and its treatment. Neurosurg Rev. 1999;22:67-93.
Gruber RW, Roehrig B. Prevention of ventricular catheter obstruction
and slit ventricle syndrome by the prophylactic use of the Integra
antisiphon device in shunt therapy for pediatric hypertensive hydro-
cephalus: a 25-year follow-up study. J Neurosurg Pediatr. 2010;5:
14-16.

Sotelo J. The hydrokinetic parameters of shunts for hydrocephalus
might be inadequate. Surg Neurol Int. 2012;3:40.

Khorasani L, Sikorski CW, Frim DM. Lumbar CSF shunting preferen-
tially drains the cerebral subarachnoid over the ventricular spaces:

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

implications for the treatment of slit ventricle syndrome. Pediatr Neu-
rosurg. 2004;40:270-276.

Iglesias S, Ros B, Ibanez G, Delgado A, Ros A, Arrdez MA. Shunt inde-
pendence in paediatric hydrocephalus: our 16-year experience and
review. Childs Nerv Syst. 2019;35:1547-1555.

Baskin JJ, Manwaring KH, Rekate HL. Ventricular shunt removal: the
ultimate treatment of the slit ventricle syndrome. J Neurosurg. 1998;
88:478-484.

Rekate HL. Shunt-related headaches: the slit ventricle syndromes.
Childs Nerv Syst. 2008;24:423-430.

Olszewska A, Farke D, Schmidt MJ. Spontaneous hemispheric ven-
tricular collapse and subarachnoid haemorrhages in a dog with con-
genital hydrocephalus internus. Ir Vet J. 2020;73:5.

Laubner S, Ondreka N, Failing K, Kramer M, Schmidt MJ. Magnetic
resonance imaging signs of high intraventricular pressure comparison
of findings in dogs with clinically relevant internal hydrocephalus and
asymptomatic dogs with ventriculomegaly. BMC Vet Res. 2015;
11:181.

Schmidt MJ, Laubner S, Kolecka M, et al. Comparison of the relation-
ship between cerebral white matter and grey matter in normal dogs
and dogs with lateral ventricular enlargement. PloS One. 2015;10:
e0124174.

Kolecka M, Farke D, Failling K, Kramer M, Schmidt MJ. Intraoperative
measurement of intraventricular pressure in dogs with communicat-
ing internal hydrocephalus. PloS One. 2019;14(9):e0222725.

Oi S, Matsumoto S. Slit ventricles as a cause of isolated ventricles
after shunting. Childs Nerv Syst. 1985;1:189-193.

Gelabert-Gonzédlez M, Pita-Buezas L, Aran-Echabe E. Idiopathic
chronic hydrocephalus in adults. Neurologia (Engl Ed). 2018;33(5):
344-345.

Atalay B, Yilmaz C, Cekinmez M, Altinors N, Caner H. Treatment of
hydrocephalus with functionally isolated ventricles. Acta Neurochir.
2006;148:1293-1296.

Wagshul ME, McAllister JP, Limbrick DD Jr, et al. MR elastography
demonstrates reduced white matter shear stiffness in early-onset
hydrocephalus. Neuroimage Clin. 2021;30:102579.

De Campo D, Hwang M. Characterizing the neonatal brain with ultra-
sound elastography. Pediatr Neurol. 2018;86:19-26.

Qi S, Shimoda M, Shibata M, et al. Pathophysiology of long-standing
overt ventriculomegaly in adults. J Neurosurg. 2000;92:933-940.
Gomes-Pinto FC, Pereira RM, Saad F, et al. Performance of fixed-
pressure valve with antisiphon device SPHERA® in hydrocephalus
treatment and overdrainage prevention. Arqg Neuropsiquiatr. 2012;70:
704-709.

Zachenhofer I, Donat M, Roessler K. The combination of a program-
mable valve and a subclavicular antigravity device in hydrocephalus
patients at high risk for hygromas. Neurol Res. 2012;34:219-222.
Drake JM, Kestle JR, Milner R, et al. Randomized trial of cerebrospinal
fluid shunt valve design in pediatric hydrocephalus. Neurosurgery.
1998;43(2):294-303.

Dai J, Li S, Li X, Xiong W, Qiu Y. The mechanism of pathological
changes of intraventricular hemorrhage in dogs. Neurol India. 2009;
57(5):567-577.

Pang D, Sclabassi RJ, Horton JA. Lysis of intraventricular blood clot
with urokinase in a canine model: part 3. Effects of intraventricular
urokinase on clot lysis and posthemorrhagic hydrocephalus. Neurosur-
gery. 1986;19(4):553-572.

Schmidt M, Ondreka N. Hydrocephalus in animals. Pediatr Hydroceph-
alus. 2019;12:53-95.

Yapicioglu H, Narli N, Satar M, et al. Intraventricular streptokinase for
the treatment of posthaemorrhagic hydrocephalus of preterm. J Clin
Neurosci. 2003;10(3):297-299.

Schuhmann MU, Sood S, McAllister JP, et al. Value of overnight moni-
toring of intracranial pressure in hydrocephalic children. Pediatr Neu-
rosurg. 2008;44:269-279.

85UB017 SUOWIWIOD 2A 11810 3ol ddke ay) Aq pauenob e Sapiie YO 8SN JO Sa|nJ 10} ARIq1T8UIUO 8|1 UO (SUOTPUOO-PUR-SLLIBIALIO A8 |1 ARe.q 18U JUO//ScY) SUOTIPUOD PUe SWia | 8y} 885 *[7Z02/0T/20] Uo ARiqiauliuo 8|1 ‘Uessalo) eersieAlun Bigeisnisne Aq TO89T WIAITTTT 0T/I0pAuco" A3 1M Alelqjeuljuo//Sdny woiy pepeojumod ‘9 ‘€202 ‘9.9T686T



FARKE ET AL.

Journal of Veterinary Internal Medicine AC\%’/IM | 2277

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Rot S, Dweek M, Gutowski P, Goelz L, Meier U, Lemcke J. Compara-
tive investigation of different telemetric methods for measuring intra-
cranial pressure: a prospective pilot study. Fluids Barriers CNS. 2020;
17:63.

Chapman PH, Cosman ER, Arnold MA. The relationship between
ventricular fluid pressure and body position in normal subjects
and subjects with shunts: a telemetric study. Neurosurgery. 1990;
26:181-189.

Rekate HL. Classification of slit-ventricle syndromes using intracranial
pressure monitoring. Pediatr Neurosurg. 1993;19:15-20.

Horcajadas A, Roman A, Olivares G, et al. Utilidad de la monitoriza-
cion de la PIC en pacientes con sospecha de disfuncién valvular. Neu-
rocirugia. 2011;22:310-323.

Pennacchietti V, Prinz V, Schaumann A, Finger T, Schulz M,
Thomale UW. Single center experiences with telemetric intracranial
pressure measurements in patients with CSF circulation disturbances.
Acta Neurochir. 2020;162(10):2487-2497.

Farahmand D, Qvarlander S, Malm J, Wikkelso C, Eklund A, Tisell M.
Intracranial pressure in hydro-cephalus: impact of shunt adjustments
and body positions. J Neurol Neurosurg Psychiatry. 2015;86(2):
222-228.

Maeske M, Mayer S, Blanc SM, Schulz C, Kunz U, Mauer UM. Tele-
metric intracranial pressure measurement: a graphical approach to
data analysis. J Neurol Surg A Cent Eur Neurosurg. 2016;77(3):
258-263.

Gasslander J, Sundstrom N, Eklund A, Koskinen LOD, Malm J. Risk
factors for developing subdural hematoma: a registry-based study in
1457 patients with shunted idiopathic normal pressure hydrocepha-
lus. J Neurosurg. 2020;10:1-10.

Schroeder HS, Niendorf WR, Gaab MR. Complications of endoscopic
third ventriculostomy. J Neurosurg. 2002;96:1032-1040.

Kamel MH, Murphy M, Aquilina K, Marks C. Subdural haemorrhage
following endoscopic third ventriculostomy. A rare complication. Acta
Neurochir. 2006;148:591-593.

Aktas G, Kollmeier JM, Joseph AA, et al. Spinal CSF flow in response
to forced thoracic and abdominal respiration. Fluids Barriers CNS.
2019;16:10.

54.

55.

56.

57.

58.

59.

American College of

Veterinary Internal Medicine
Bloomfield GL, Ridings PC, Blocher CR, Marmarou A, Sugerman HJ. A
proposed relationship between increased intra-abdominal, intratho-
racic, and intracranial pressure. Crit Care Med. 1997;25(3):496-503.
Rosenthal RJ, Friedman RL, Kahn AM, et al. Reasons for intracranial
hypertension and hemodynamic instability during acute elevations of
intra-abdominal pressure: observations in a large animal model.
J Gastrointest Surg. 1998;2(5):415-425.
Artru AA, Powers K, Doepfner P. CSF, sagittal sinus, and jugular
venous pressures during desflurane or isoflurane anesthesia in dogs.
J Neurosurg Anesthesiol. 1994;6(4):239-248.
Sturges BK, Dickinson PJ, Tripp LD, Udaltsova I, LeCouteur RA. Intra-
cranial pressure monitoring in normal dogs using subdural and
intraparenchymal miniature strain-gauge transducers. J Vet Intern
Med. 2018;33:1-9.
Yamada S, Miyazaki M, Yamashita Y, et al. Influence of respiration on
cerebrospinal fluid movement using magnetic resonance spin label-
ling. Fluids Barriers CNS. 2013;10(10):36.
Farke D, Kolecka M, Czerwik A, et al. Prevalence of seizures in dogs
and cats with idiopathic internal hydrocephalus and seizure preva-
lence after implantation of a ventriculo-peritoneal shunt. J Vet Intern
Med. 2020;34(5):1986-1992.

SUPPORTING INFORMATION
Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Farke D, Siwicka AK, Olszewska A,
Czerwik A, Buttner K, Schmidt MJ. Risk factors, treatment, and
outcome in dogs and cats with subdural hematoma and
hemispheric collapse after ventriculoperitoneal shunting of
congenital internal hydrocephalus. J Vet Intern Med. 2023;
37(6):2269-2277. doi:10.1111/jvim.16861

85UB017 SUOWIWIOD 2A 11810 3ol ddke ay) Aq pauenob e Sapiie YO 8SN JO Sa|nJ 10} ARIq1T8UIUO 8|1 UO (SUOTPUOO-PUR-SLLIBIALIO A8 |1 ARe.q 18U JUO//ScY) SUOTIPUOD PUe SWia | 8y} 885 *[7Z02/0T/20] Uo ARiqiauliuo 8|1 ‘Uessalo) eersieAlun Bigeisnisne Aq TO89T WIAITTTT 0T/I0pAuco" A3 1M Alelqjeuljuo//Sdny woiy pepeojumod ‘9 ‘€202 ‘9.9T686T


info:doi/10.1111/jvim.16861

	Risk factors, treatment, and outcome in dogs and cats with subdural hematoma and hemispheric collapse after ventriculoperit...
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Magnetic resonance imaging
	2.2  Image analysis
	2.3  Shunting procedures
	2.4  Statistical analysis

	3  RESULTS
	3.1  Animals
	3.2  Risk factor evaluation
	3.3  Outcome of subdural hematoma excavation

	4  DISCUSSION
	ACKNOWLEDGMENT
	CONFLICT OF INTEREST DECLARATION
	OFF-LABEL ANTIMICROBIAL DECLARATION
	INSTITUTIONAL ANIMAL CARE AND USE COMMITTEE (IACUC) OR OTHER APPROVAL DECLARATION
	HUMAN ETHICS APPROVAL DECLARATION
	REFERENCES


