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Abstract

Background: Hydrocephalus is one of the most common neurologic sequelae following insult to the central nervous system. The treat-
ment of hydrocephalus is very challenging. Ventriculoperitoneal shunt surgery is the commonest form of CSF diversion procedure for
hydrocephalus. The objective of this study is to look critically at the efficacy of this procedure and compare the outcome with other stud-
ies involving different therapeutic options for treating hydrocephalus.

Material & Methods: Fourty three patients of hydrocephalus who were operated for ventriculoperitoneal shunt placement were included
in the study. Review of medical records including operative notes, imaging studies and clinic-radiological follow up of all the patients
were reviewed and analyzed.

Results: The common etiologies include post meningitic hydrocephalus, congenital hydrocephalus, NPH, posterior fossa tuberculomas,
neurocysticercosis and posterior fossa tumor. Right sided ventriculoperitoneal shunt with medium pressure valve system was the com-
monest modality of treatment. None of the patients had any incidence of shunt infection.

Conclusion: The results of this retrospective study show that ventriculoperitoneal shunting is effective in the management of adult pa-
tients with obstructive hydrocephalus. The overall incidence of shunt revision was comparable with previously reported studies in the

literature.
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1. Introduction

The introduction of various shunting and bypassing operations has
transformed the management of hydrocephalus (Robertson, et al
1973). Most shunts drain the excess cerebrospinal fluid into the
peritoneal cavity (ventriculo-peritoneal shunt), but alternative sites
include the right atrium (ventriculo-atrial shunt), and pleural cavi-
ty  (ventriculopleural ~ shunt) (Low, et al 2010).
Ventriculoperitoneal shunt surgery is commonest form of the CSF
diversion procedures for hydrocephalus (Jha, et al 2010).

The development of shunt devices has greatly improved the sur-
vival and quality of life of patients with hydrocephalus (Low, et al
2010). In 1922, Dandy described an open ventriculostomy proce-
dure performed via a lateral subtemporal approach, but the mortal-
ity rate was high (Dandy, 1945). In 1923, Mixter described the
endoscopic perforation of the floor of the third ventricle, endo-
scopic third ventriculostomy (ETV), but it was not a success be-
cause of technical problems and complications ( Mixter, 1923) and
for many decades ETV was not used. Around 1960, the use of
shunts became more common, as materials and techniques had
improved. The use of modern shunts resulted in a reduction in
mortality from 50% to about 10% (Hadenius, et al 1962).

The use of cranial endoscope for performing third ventriculostomy
is now universally accepted especially for treating obstructive

hydrocephalus. The success rate is variable considering different
anatomical, etiological, and technical factors and selecting cases
of hydrocephalus(Ali, et al 2013). External ventricular drainage
(EVD) an effective therapy for treating rapidly progressive
posthemorrhagic hydrocephalus and increased intracranial pres-
sure. EVD is also a procedure of choice for CSF diversion in cases
with ventriculitis. EVD can also be used as a temporary procedure
for reducing ICP during neurosurgical procedure (Weninger, et al
1992).

Placement of ventriculoperitoneal shunt is a well-accepted neuro-
surgical procedure for the management of obstructive hydrocepha-
lus (Reddy, et al 2012). Outcome following VP shunt surgery
depends on many factors. Aim of this study is to determine the
success rate of VP shunt for treating hydrocephalus and to analyze
the factors which help in minimizing the complications related to
this procedure.

2. Material and methods

This study was conducted at neurosurgery department of IHBAS,
tertiary care neuropsychiatry hospital in Delhi, India. Forty three
patients of hydrocephalus who were operated by the first author
for ventriculoperitoneal shunt placement were included in the
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study by non-probabilty convenience sampling from January 2008
to October 2013. Study design was descriptive case series. Medi-
cal charts, operative notes, imaging studies, and clinical follow-up
evaluations were reviewed and analyzed. Demographic details,
clinical presentation, radiological features, indications for surgery,
surgical findings and shunt related complications were analyzed
for outcome evaluation.

All the patients were investigated systematically through various
diagnostic tests; blood profile was evaluated with complete blood
count. Cerebrospinal fluid examination comprising of the entire
battery of biochemistry (proteins, sugar), cytology , gram stain ,
AFB stain , India ink stain and other investigations depending
upon provisional diagnosis of the patients.

Radiological investigations like X-Ray chest, CT scan/MRI or
both were done for all the patients. Neurosurgical procedure was
done as per the required intervention according to the neurosurgi-
cal diagnosis of the patient and the evidence based practice. After
neurosurgical intervention the patients were assessed
radiologically and clinically in the follow up.

The data of the patients was entered, compiled and analysed in MS
Excel and the statistical output was represented as frequencies and
percentages. The tables representing the frequencies and percent-
ages of the diagnosis and surgical procedures were made to sum-
marize the findings.

3. Results

A total of 43 patients were included in the study. Age of the pa-
tients ranged from 4.5 months to 80 years. There were 23 male
and 20 female patients. Detailed clinical assessment, pre-
anesthetic checkup, hematological investigations and chest X-ray
(posteroanterior view) were done in all patients. Cranial imaging
investigations included Ultrasound, CT scan with or without con-
trast and MRI of the brain with or without contrast and MR spec-
troscopy. The common etiologies include post meningitic hydro-
cephalus (48.8%), congenital hydrocephalus (11.6%), NPH
(9.3%), Posterior fossa tuberculomas (9.3%), Neurocysticercus
(6.9%), & Posterior fossa tumor (4.4%). Other causes were idio-
pathic, epidermoid , arachnoid cyst and trauma (Table-1). Per
operative Ventricular tap was done to assess the depth of the ven-
tricle from the cortical surface and the CSF pressure. CSF was
collected in all the cases for cytology and biochemistry and other
investigations depending upon the provisional diagnosis of the
case. Right sided ventriculoperitoneal shunt with medium pressure
valve system was the commonest modality of treatment. All four
patients with normal pressure hydrocephalus were treated with
low pressure right VP Shunt. One patient of idiopathic hydroceph-
alus had shown radiologic features of asymmetric hydrocephalus
with marked left lateral ventricular enlargement. In this case left
sided VP shunt medium pressure was done (Table -2). Two pa-
tients died during follow up due to non-surgical reasons. None of
the patients had any incidence of shunt infection. Shunt related
complications included chronic subdural hematoma in 2 cases, per
rectal extrusion of peritoneal end in one case. One patient required
shunt revision due to malpositioning of the ventricular end.

Table 1: Diagnostic Profile of the Study Group

Table 2: Type of VP Shunt Used in Implantation

Type of shunt implantation No of Cases % of Total
Medium Pressure Right VP Shunt 38 88.3

Low Pressure Right VP Shunt 4 9.3
Medium Pressure Left VP Shunt 1 %3

Diagnosis No of Cases % of Total
Post Meningitic hydrocephalus 21 48.8
Congenital Hydrocephalus 5 11.6
Normal Pressure Hydrocephalus 4 9.3
Tuberculomas 4 9.3
Neurocysticercosis 8 6.9
Posterior Fossa Tumor 2 4.4
Arachnoid Cyst 1 2:8
Frontal Epidermoid 1 2:8
Trauma 1 2.3
Idiopathic 1 2.3

Fig. 1: CT scans Axial View Showing Enlargement of the Frontal Horns
of Lateral Ventricle
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Fig. 2: MRI Brain TIW1 Axial View Showing Enlarged Temporal Horns
of the Lateral Ventricle, A Feature Of Hydrocephalus
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Fig. 3: MRI Brain T1IW1 Axial View Showing Features of Hydrocephalus
(4™ Ventricular Enlargement)

4. Discussion

The diagnosis of hydrocephalus is based on clinical features, radi-
ologic appearances, and occasionally intracranial pressure record-
ings. Ultrasonography is the screening procedure in small children
when the anterior fontanel is still open. CT scan brain ( Fig. 1) and
MRI brain (Fig.2 and 3) are the preferred method in the detection
of parenchymal lesions and in revealing the aetiology of the hy-
drocephalus (Eva -Karin Persson, 2007).

Generally, incidence is equal in males and females. NPH has a
slight male preponderance. Incidence of hydrocephalus presents a
bimodal age curve. One peak occurs in infancy and is related to
the various forms of congenital malformations. Another peak oc-
curs in adulthood, mostly resulting from NPH. Adult hydrocepha-
lus represents approximately 40% of total cases of hydrocephalus
(Jha, et al 2010).
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The majority of cases in most published series are infants with
spina bifida or other malformations. In the series reported 41% of
the patients were aged under 1 year, 25.9% were aged 1 to 15
years, and 30.0% were aged over 15 years, and meningitis and
tumor were each as common a cause as myelomeningocele (Rob-
ertson et al. 1973). In our series, post meningitic hydrocephalus
was the commonest cause of hydrocephalus (48%) followed by
congenital hydrocephalus (11%).

The treatment of hydrocephalus is a challenging one (Low, 2010).
In untreated hydrocephalus, death may occur by tonsillar herni-
ation secondary to raised ICP with compression of the brain stem
and subsequent respiratory arrest. Poor development of cognitive
function in infants and children, or loss of cognitive function in
adults can complicate untreated hydrocephalus. Visual loss can
complicate untreated hydrocephalus and may persist after treat-
ment (Jha, et al. 2010).

Some cases of hydrocephalus can be treated with short term medi-
cal treatment with carbonic anhydrase inhibitors, loop diuretic
agents, osmotic agents and fibrinolytic therapy. The most suitable
drug seems to be acetazolamide, alone or in combination with
furosemide. Fibrinolytic therapy administered directly into the
ventricular system in cases of post hemorrhagic hydrocephalus
(Poca and Sahuquillo, 2005). Ventricular tapping, repeated lumbar
punctures, subcutaneous reservoirs are others measures to treat
hydrocephalus.

Surgical treatment is the preferred therapeutic option (Hamilton,
2009; Jha, et al 2010,). The commonly used surgical procedures
are ventriculoperitoneal shunt, endoscopic third ventriculostomy
and external ventricular drainage. The common complications are
malposition (Misplacement) of ventricular end, shunt obstruction
(blockage), shunt infection, disconnection, shunt migration, over
drainage, hemorrhage (extradural, subdural and intracerebral he-
matoma), abdominal pseudocyst, and shunt extrusion.

Etiology of hydrocephalus has significant impact on the incidence
of shunt revision or failure (Reddy et al 2011). Patients with tu-
mors experience a significantly lower shunt revision rate than
patients without tumors (Reddy et al 20012).

Maurice Choux et al proposed a protocol for shunt procedures
involving modifications in the immediate pre-, intra-, and postop-
erative management of children undergoing shunt implantation to
minimize high incidence of shunt infection, foremost problem of
shunt implantation after mechanical malfunction. With implemen-
tation of new protocol, the incidence of shunt infection decreased
dramatically from 15% to 0.33% (Maurice et al 1992). A study
shows that a changing of gloves before handling the shunt catheter
may be a simple and cost-effective way to reduce the burden of
postoperative shunt infections (Rehman, et al 2010).

The selection of shunt procedure for patient depends on clinical
features and radiological investigations. The right sided shunt
surgery is commonly done and in some case left side VP shunt is
inserted depending upon the diagnosis. For example, if patient has
right sided cerebellopontine angle tumor and right sided
retromastoid craniectomy is planned for excisison of the tumor,
then in this case left VP shunt is done for treating hydrocephalus.
Similarly, in patient with obstructive hydrocephalus with left sided
lateral ventricular enlargement, left VP shunt is done. Usually in
patients with obstructive hydrocephalus due to meningitis ventric-
ular tap is done to send CSF for cytology, biochemistry and other
investigations depending upon provisional diagnosis. If CSF in-
vestigations reveal infection, the external ventricular drain is in-
serted. If CSF study does not show any feature of meningitis, then
VP shunt is done. Type of pressure of the valve of the shunt is
decided on the basis of CSF pressure on ventricular tap. Low pres-
sure VP shunt should not be done in children with obstructive
hydrocephalus due to aqueductal stenosis. It can lead to
overdrainage and subdural hematoma. So, for these patients with
congenital hydrocephalus, a medium pressure right VP shunt is
most appropriate. In patients of NPH (Normal Pressure Hydro-
cephalus), low pressure VP shunt is done.

Complications of the shunt can be avoided by taking simple
measures like

e Preoperative part preparation, draping,

e Prophylactic antibiotic,

Minimizing movements of many persons inside the operation
theater, c

Selecting appropriate type of the shunt,

Securing shunt assembly of the shunts,

Collection of the CSF during the surgery,

Minimal handling of the shunt assembly,

Changing of the glove prior to the handling of shunt, antibiotic
therapy after insertion of shunt, etc.

If due care and preventive efforts are taken at every stage of shunt
surgery, the frequency of shunt revision can be minimized. In case
of failure is suspected, patient should again be investigated thor-
oughly before reoperation. As long as the ventricular tip is inside
the ventricle it is very unlikely that shunt is not functioning. Shunt
should not be revised if the ventricular end of the shunt has
crossed to the opposite side lateral ventricle piercing the septum
pellucidum.

5. Conclusion

Ventriculoperitoneal shunting is the most widely used neurosurgi-
cal procedure for the management of hydrocephalus. Endoscopic
third ventriculostomy is another alternative to treat obstructive
hydrocephalus. The results of study show that ventriculoperitoneal
shunting is effective in the management of adult patients with
obstructive hydrocephalus. The overall incidence of shunt revision
was comparable with previously reported studies in the literature.
The high incidence of shunt failure can be minimized by meticu-
lous clinical work up, CSF study, selection of appropriate type of
shunt, use prophylactic antibiotic, and precautions at the time of
surgery.
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