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4.1           Types of Extrathecal Shunts 

 Since 1895 when Gartner proposed shunting the 
CSF into extrathecal low-pressure compartments 
such as the venous or lymphatic system or the 
abdominal cavity, the treatment of hydrocephalus 
has come a long way [ 1 ]. The idea was fi rst applied 
by Fergusson in 1898 and later was taken up by 
several authors, including Cushing, but the results 
were mostly disappointing. The modern shunting 
era began with Nulsen and Spitz, creating a one- 
way pressure-regulated valve which they placed in 
the atrium via the jugular vein (Figs.  4.1  and  4.2 ). 
There are various types of extrathecal shunts, some 
of which are only of historical importance. 
Extrathecal shunts still in vogue are lumboperito-
neal, ventriculovenous, ventriculoatrial, ventriculo-
pleural, ventriculoureteric, ventriculo-gallbladder, 
and ventriculoperitoneal shunts [ 2 ,  3 ]:
      1.    Lumboperitoneal (LP) shunts are used in 

patients with communicating hydrocephalus 
or small slit ventricles (due to overdrainage 
caused by other extrathecal shunts like ven-
triculoperitoneal and ventriculoatrial shunts) 
and patients who have had multiple ventricu-
lar shunt malfunctions. These shunts have the 
advantage of avoiding injury by the ventricu-
lar catheter, maintaining the patency of ven-
tricles (unlike ventricular shunts where the 
ventricles tend to collapse leading to shunt 
malfunction), and have lower risk of obstruc-
tion and infection. However, LP shunts are 
more prone to malfunction from mechanical 
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failures like migration out of the spine or peri-
toneum and carry a defi nite risk of develop-
ment of hindbrain herniation over a period of 
time especially in children. The assessment of 
function of a lumbar shunt is more diffi cult as 
compared to ventricular shunt [ 4 ].   

   2.    Ventriculoatrial (VA) shunts are provided to 
divert cerebrospinal fl uid from the cerebral 
ventricle into the right atrium. These are not 
chosen as the fi rst-line method to redirect the 
CSF rather when there have been multiple 
failure of the VP shunt (Table  4.1 ). The intra-
operative appropriate vein selection and exact 

shunt placement are important to reduce com-
plications such as obstruction [ 5 ].

       3.    Ventriculopleural shunts were introduced as a 
management option for hydrocephalus by 
Ransohoff in 1954. Ventriculopleural shunts 
have been used infrequently in the manage-
ment of hydrocephalus and have become the 
“next preferred procedure” in case if the ven-
triculoperitoneal shunt fails. It has low com-
plication rates and is easy to perform, but 
involvement and collaboration of the thoracic 
surgery team is required. The risk of pleural 
effusion is highest among the infants which 
seemed to be reduced with the introduction of 
antisiphon device [ 6 ].   

   4.    Ventriculoureteric shunt (VUS) is rarely used 
nowadays in neurosurgical practice owing to 
much better techniques that are available. It is 
technically demanding – exposure of the renal 
pelvis and ureter requires the help of an urolo-
gist. As previously thought, it no more 
requires nephrectomy and reimplantation of 
the ureter, but to prevent expulsion, fl anged at 
the distal catheter must be used. Hyponatremia 
is a known metabolic complication immedi-
ately following the VUS [ 7 ].   

   5.    Ventriculo-gallbladder shunts (VGS) are used 
because of the ability of the biliary tree to 
adequately control intracranial pressure, low 
risk of infection due to the sterility of bile, and 
also the prospect for electrolyte reabsorption 
from the small intestine (Table  4.1 ). But it is 
not the fi rst line of treatment. Indications 
described are multiple shunt revisions, 
abdominal pseudocysts, and ascites secondary 
to shunts in optic chiasmal hypothalamic 
astrocytomas. Bile calculus causing a distal 
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  Fig. 4.1    Conventional ventriculoperitoneal shunt       
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  Fig. 4.2    Ventriculoperitoneal shunt with antisiphon 
device       

     Table 4.1    Showing features of the extrathecal shunts   

 Type of extrathecal shunt  Drainage into  Practicality  Common complication 

 Ventriculoperitoneal  Peritoneal cavity  Most commonly performed  Mechanical, fracture, infection 
 Ventriculopleural  Pleural cavity  Second most commonly 

performed procedure 
 Pleural effusion 

 Ventriculoatrial  Right atrium  Multiple failure of VP shunt  Obstruction, embolic episodes 
 Ventriculoureteric  Ureter/renal pelvis  Rarely used  Hyponatremia 
 Ventriculo-gallbladder  Gallbladder  Multiple failures  Bile calculus with distal obstruction 
 Lumboperitoneal  Lumbar space to 

peritoneum 
 Overdrainage syndrome due 
to other extrathecal shunts 

 Mechanical complications, 
hindbrain herniation 
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obstruction in the VG shunt catheter is a fre-
quently reported complication. There are also 
chances of cholecystitis causing retrograde 
and descending shunt infections [ 8 ].   

   6.    It is widely accepted that ventriculoperitoneal 
shunts represent the most common extracra-
nial CSF diversion choice, given that the peri-
toneal cavity is the most effi cient and reliable 
location for CSF absorption. The peritoneal 
cavity is the preferred drainage site in children 
because it enables the implantation of drain-
age catheter of suffi cient length to allow for 
the growth and predisposes to less severe 
complications than does the right atrium and 
ease of shunt revision. The fi rst ventriculo-
peritoneal shunt is probably attributed to 
Kaush. In 1908 he reported a patient in whom 
he connected a lateral ventricle to the perito-
neum using a rubber tube, but the patient died 
because of overdrainage.    

4.2      Indications 

 It is easy to identify patients who would benefi t 
from CSF diversion if the presentation includes 
clear evidence of increased intracranial pressure 
(ICP), manifested as severe headaches with pro-
jectile vomiting, diplopia, upward gaze paresis, 
and a dilated ventricular system on radiologic 
imaging [ 2 ,  9 ] (Table  4.1 ).
    1.    In adults with occlusive hydrocephalus with 

raised ICP, CSF diversion is indicated to pre-
vent permanent neurologic defi cits or neuro-
logic defi cits progress. To supplement clinical 
fi ndings, radiological evidence of ventricular 
enlargement may be assessed with Evan’s 
index which is a ratio of greatest width of the 
frontal horns of the lateral ventricles to the 
maximal internal diameter of the skull. An 
index exceeding 0.3 is indicative of a hydro-
cephalus. T2-weighted MR images can show 
transependymal fl ow of CSF and subependy-
mal white matter damage.   

   2.    Assessing patients of NPH for CSF diversion 
is diffi cult. Contrary to its name, there are 
periodical fl uctuations of intracranial pressure 
in the early stages of the disease. Presence of 

this intermittent elevation of ICP provides a 
justifi cation for treatment by shunting, which 
cuts off the peaks of increased ICP damaging 
the brain. On radiology widened temporal 
horns and fl attened cortical sulci at the top of 
the brain are also found in NPH. A twenty-
four- h ICP monitoring showing B-waves is 
regarded to be a good indicator of NPH likely 
to benefi t from shunting. Patients with NPH 
who are considered for shunting should have 
gait disturbances and at least one of the two 
other elements of the triad: disturbances of 
urination and cognition. Patterns of concen-
tration of biomarkers like NFL (neurofi lament 
protein light) may also help in reaching the 
diagnosis [ 10 ].   

   3.    The most important point to be considered 
in decision making in premature infants is 
the rapid head growth with bulging and 
tense anterior fontanelle. There may be 
prominent scalp vein and episodes of apnea 
and bradycardia. Term infants may also 
show irritability, vomiting, drowsiness, 
axial hypotonia, and setting-sun sign. 
Retinal hemorrhages may be present, but 
papilledema is uncommon. Older children 
may show headaches, projectile vomiting, 
diplopia (abducens nerve palsy), blurred 
vision, loss of visual acuity, and papill-
edema. Transfontanellar craniosonography 
may help in showing the progress of ven-
tricular enlargement, and CT and MRI can 
be used to assess the severity by measuring 
Evan’s ratio or by the presence of transep-
endymal CSF absorption [ 11 ]. The most dif-
fi cult is the evaluation of a child with 
macrocephaly and normal development. 
Computed tomography scanning shows 
increased extra-axial collections, with a 
normal or mildly enlarged ventricle. This 
entity, sometimes referred to as benign 
extra-axial collections of infancy, may be a 
stage of transient communicating hydro-
cephalus that may resolve in a period of 
12–18 months with a normal outcome. It is 
a clinical and not an imaging diagnosis, 
and it must be distinguished from true com-
municating hydrocephalus. If the child is 
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developing normally, close observation with 
neurodevelopmental examination and head 
circumference measurements are adequate. 
If the child is neurologically abnormal, then 
a radionuclide cisternogram plays a role in 
evaluating the contribution of abnormal 
fl uid dynamics. It has been used to identify 
patients with communicating hydrocepha-
lus. A high lumbar pressure, poor 4-h uri-
nary excretion (normal 50 %, borderline 
30–40 %, defi nitely abnormal <30 %), per-
sistence of ventricular fi lling at 24 h, and 
poor fl ow over convexity are highly sugges-
tive of communicating hydrocephalus and 
an indication for CSF diversion [ 12 ].    

4.3      Unavoidable Complications 

 Shunt system is a foreign body placed for reliev-
ing the intracranial pressure and will have some 
complications inherent to its very presence inside 
the body. There are many complications associ-
ated with the shunt like infection, obstruction, 
overdrainage, underdrainage, loculation, etc. 
These complications can be avoided or best mini-
mized with proper precautions and use of appro-
priate shunting device. But there are certain 
complications that are going to be present, and 
the neurosurgeon has no control over these 
complications. 

4.3.1    Complications Due to Material 

 Holter developed the fi rst shunt to employ sili-
cone with multiple slit valve design. Medical 
grade silicone (dimethyl polysiloxane), the 
indispensible material for the shunt systems of 
current generation, meets all the criteria of bio-
compatibility, nonimmunogenic, noncarcino-
genic, fatigue-free (which could withstand the 
severe, long-term mechanical stress they were 
subject to particularly in the right atrium), ther-
mally resistant (ideal for heat sterilization), and 
electrical stability. Although chemically inert, 
silicones are not necessarily biologically inert, 
and there are several evidences of silicone 

allergy in some patients with silicone shunts. At 
the time of insertion of a ventricular catheter, the 
blood–brain barrier is not healed for 2–3 weeks. 
This leads to adherence of the platelets and 
serum proteins including immunoglobulins, 
albumin, fi bronectin, and fi brinogen which in 
turn potentiate the infl ammatory response and 
also adhere to silicone rubber and alter the func-
tion of more distal shunt components (e.g., the 
valve mechanism). In the peritoneal cavity, shunt 
catheters can be obstructed by ingrowth of meso-
thelial cells and fi broblasts, and adsorption of 
protein is associated with greater adhesion of 
infl ammatory cells. 

 The body’s reaction to silicone can be classi-
fi ed into three types: local reaction and granu-
loma formation, silicone migration, and 
autoimmune disease. In all cases following the 
implantation of silicone, there is the development 
of a chronic type of reaction to the implant, which 
includes the formation of a fi brous tissue pseudo-
capsule with minimal infl ammatory reaction. 
This is best represented by the very familiar shunt 
tract. Another form of reaction that has been rec-
ognized is the formation of granulomas, focal 
collections of macrophages, histiocytes, epitheli-
oid cells, giant cells, lymphocytes, and plasma 
cells often termed “siliconomas.” These are seen 
along the tract in patient with multiple revisions. 
Silicone allergy is known to affect an implant 
in a patient by the phenomenon of migration. 
This spread can occur by lymphatic, hematoge-
nous, and local route. This is seen more com-
monly in patients with breast implants and 
cardiac valve prosthesis, in those undergoing car-
diopulmonary bypass, and in patients on frequent 
hemodialysis. Autoimmune disease can occur 
following implantation of silicone polymers. 
This is also seen more commonly in women 
who have undergone injection or implantation 
of silicone for breast augmentation. Symptoms 
include arthritis, arthralgia, and local and regional 
lymphadenopathy. 

 In patients with suspected or documented sili-
cone allergy, the use of polyurethane or CO2- 
extracted silicone catheters has been postulated 
but not proven to offer some advantage in reduc-
ing the risk of recurrent malfunctions [ 13 ,  14 ].  
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4.3.2    Complications Due to Design 

 A physical design modifi cation, i.e., addition of soft 
radial fl anges to push the catheter away from the 
brain tissue and protect the catheter lumen from the 
problem of tissue ingrowth, has not been successful. 
It has since become clear that the simple addition of 
fl anges does not prevent tissue ingrowth, and in fact 
some neurosurgeons report that tissue ingrowths on 
fl anged catheters are even more tenacious than 
those associated with standard design catheters. 

 The technological advancements made to 
valve systems (like the staircase mechanism of 
the Codman Medos valve) have provided addi-
tional CSF pathways that are turbulent and sus-
ceptible to areas of buildup of debris that may be 
a reason for the higher failure rate. Diaphragm- 
based antisiphon devices are prone to obstruction 
from encapsulation. There is no evidence that 
using an open system has any advantage over 
using a closed system, but theoretically any mal-
function in an open system would result only in 
loss of antisiphon function, without obstruction 
to CSF fl ow as against the closed system, in 
which the fl ow stops once the pressure reaches 
zero. In fl ow control devices, patients develop 
nighttime or early morning headaches. This is 
because these patients have limited pressure vol-
ume compensatory reserve and there can be an 
excessive increase in ICP during cardiovascular 
fl uctuations, especially at night [ 15 ]. Silicone 
rubber components of CSF shunts, especially in 
the subcutaneous compartment, degrade with 
time, becoming fragile and likely to fracture. 
This occurs because of deposition of calcium 
phosphate and aluminum in the external layers of 
shunt tubing. Evidence suggests that the barium 
used in the silicone catheters is probably not an 
important factor in promoting calcifi cation and 
degradation. But using barium-free catheters 
makes it diffi cult to assess a shunt system on 
radiologic imaging [ 16 ].  

4.3.3    Complication Due to Age 

 Age at which the shunt is performed is also a pre-
dictor of shunt survival. Patients older than 

2 years have a longer shunt survival period than 
those who were younger. It has been suggested 
that this observation is related to both immuno-
logical defi ciency and particular bacterial fl ora in 
infants. Prematurity at fi rst shunt insertion also 
predisposes to subsequent shunt revisions. This 
point to some fundamental tissue reaction occurs 
in response to shunt insertion [ 17 ].  

4.3.4    Complications Due to 
Miscellaneous Causes 

 Concurrent surgical procedure is noted to 
increase the risk of shunt failure. Shunt surgery is 
generally performed as a single procedure but, 
sometimes, like in patients with tumors requiring 
a biopsy, it is done as simultaneous procedure. 
But in such a setting the procedure becomes long 
and the risk of infection and malfunction 
increases [ 18 ]. 

 It has been seen that whites have signifi cantly 
longer shunt survival times than nonwhites. 
Multiple factors especially increased incidence 
of prematurity and general immunocompromised 
state among nonwhites may be responsible for 
this [ 19 ]. 

 As a matter of fact there is no ideal or fl awless 
shunt up to this time. An ideal shunt still needs to 
be the goal in the future of treating hydrocepha-
lus. The ideal shunt would allow for a fl ow- 
regulated control to drain a specifi c amount of 
fl uid, which could be tailored to an individual 
patient’s needs. All the CSF shunt systems that 
are currently available show a given failure rate, 
and therefore search for the perfect shunt 
continues.      
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