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Abstract

Endoscopic third ventriculostomy is consid-
ered by many as one of the greatest break-
throughs in  the  management  of
hydrocephalus and is the most commonly
performed neuroendoscopic procedure. Neuro-
surgeons have pushed the boundaries of this
procedure beyond the classic indication of
aqueductal stenosis to include hydrocephalus
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of many other etiologies. Even as this tech-
nique becomes more conventional within neu-
rosurgery, there is a distinct learning curve
associated with the procedure, and many of
the complications can be quite serious in
nature. These can occur intraoperatively (bra-
dycardia, hemorrhage, neural structure injury)
and postoperatively (hygroma, hematoma,
CSF leak, infection, seizures). Clearly, a thor-
ough understanding of these potential pitfalls is
obligatory for the skilled surgeon. This chapter
will review the etiology and relative frequency
of complications associated with endoscopic
third ventriculostomy. Emphasis is placed on
complication avoidance, and recommenda-
tions are given to encourage prevention in
every phase of the procedure.
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Introduction

Endoscopic third ventriculostomy (ETV) is the
most commonly performed neuroendoscopic pro-
cedure and is typically advocated for the manage-
ment of obstructive hydrocephalus at the cerebral
aqueduct (aqueductal stenosis, posterior fossa
tumors, etc.) (Ruggiero et al. 2004; Grunert et al.
2003). However, there is mounting support for the
effectiveness of ETV in the management of
hydrocephalus of other etiologies. These include
posthemorrhagic, post-infectious, congenital
communicating, myelomeningocele-related, and
Chiari malformation-related, among others
(Hailong et al. 2008; Sacko et al. 2010; Kulkarni
et al. 2016; Teo and Jones 1996). As ETV is
clearly preferable to VP shunt placement on a
conceptual level, many neurosurgeons continue
to push the boundaries of its use.

The vast majority of published studies on ETV
focus on success rate and factors that lead to long-
term efficacy. However, there is a distinct learning
curve associated with the procedure, and many of
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the complications can be quite serious in nature
(Bouras and Sgouros 2011; Baykan et al. 2005;
Dusick et al. 2008; Ersahin and Arslan 2008;
Hader et al. 2002; Navarro et al. 2006; Schroeder
et al. 2002). With the rising popularity and ubig-
uity of ETV, a thorough understanding of the
procedural complications is mandatory. The fol-
lowing chapter will review the complications
associated with ETV, with an emphasis on
avoidance.

Intraoperative Complications of ETV
Bradycardia and Asystole

This intraoperative complication has been recog-
nized for many years (El-Dawlatly et al. 2000;
Handler et al. 1994). It has been identified as a
not uncommon, transient occurrence that should
be anticipated and detected by turning up the
volume of the cardiac monitor. It can occur at
any time during manipulation of the third ventri-
cle: when the scope is introduced, when irrigation
is used, or when pressure is placed on the floor of
the third ventricle (Fig. 1) (Anandh et al. 2002).
The bradycardia is wusually short-lived and

Fig. 1 Sharp perforation through an opaque floor with the
closed end of a pair of grabbing forceps (Aesculap,
Tutlingen, Germany)
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resolves with the removal of the scope from the
third ventricle, with removal of irrigant if there is
obstruction of outflow, and with release of pres-
sure from the floor. If the bradycardia is not rec-
ognized, however, it will invariably progress to
asystole and possible hemodynamic compromise.
These incidents may sometimes be incorrectly
attributed to general anesthesia, and thus the sur-
geon should remain vigilant. These events, typi-
cally minor and likely underreported in the
literature, represent approximately 0.1% of inci-
dents (Bouras and Sgouros 2011).

Avoidance

There are several theories for the etiology of this
phenomenon. Among them is the possibility that
the scope obstructs both foramina of Monro,
resulting in high pressure within the third ventri-
cle when irrigation cannot escape. Another is the
difference of the osmolality or temperature of the
irrigation fluid from that of CSF, resulting in irri-
tation of the hypothalamus. Finally, it may be a
pure traction phenomenon of either the floor or
walls of the third ventricle, which leads to hypo-
thalamic dysfunction (Fig. 1). Whatever theory
you subscribe to, it would be prudent to obey the
following rules:

1. Always check to see that there is an adequate
outflow mechanism for the irrigation fluid.
Simply having one of the working channels
open does not guarantee egress of fluid. It is
not uncommon for brain tissue or blood clot to
obstruct one of these small working channels at
any time throughout the procedure.

2. Turn up the volume of the cardiac monitor and
keep the noise down in the operating room. If
the pulse slows, discontinue whatever you hap-
pen to be doing, and if possible, reverse the last
action.

3. Use isotonic solution, preferably lactated
Ringer’s solution, as your irrigant of choice.
The fluid should be warmed to approximately
body temperature.

4. When puncturing the floor, be sure to use a
sharper technique if the floor is thick and
non-attenuated.
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Visual Obstruction

There are several causes for suboptimal view. Of
course, the system should be checked before dura
is opened to ensure all components of the video
chain are operational. The view can be hindered
by fogging of the lenses at any junction, by dam-
aged hardware, and by incorrect assembly of com-
ponents. The most common cause, however, is
intraventricular hemorrhage (Fig. 2). This can
occur at any time during the procedure but usually
happens when the ependyma is breached as the
scope enters the ventricle. The bleeding can be
minor or quite profuse. It is rarely arterial except
when small vessels are torn as the stoma is cre-
ated. Excessively wide excursions of the scope
will increase the chances of bleeding. It is surpris-
ing how the spilling of such a small amount of
blood may result in such a dramatic effect on
visualization. The most important point to remem-
ber is not to panic, irrigate generously, and main-
tain access to the ventricle. Once vision is
obscured, try to place the end of the scope in the
largest cavity. For example, if hemorrhage occurs
when the scope is in the third ventricle, the loss in
vision may cause the operator to move the scope
only a fraction of a centimeter, which could have

Fig. 2 Postoperative CT of a child who had an ETV
complicated by intraoperative hemorrhage that occurred
at the time of the ventriculocisternostomy
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drastic consequences. A similar movement in the
larger lateral ventricle might not have any adverse
result. Once hemorrhage has occurred and irriga-
tion is proving unsuccessful, there are several
other techniques that can be employed. The
scope itself can be placed against the bleeding
vessel to tamponade the flow. Of course, one
must first identify the responsible vessel, which
may prove difficult given the bloody CSF and
visual impairment. The next technique is to try
and coagulate the vessel with either monopolar or
bipolar endoscopic forceps. In reality, this maneu-
ver is very difficult. Endoscopic instruments are
not readily maneuverable, and the vessel is often
floating around in the CSF, creating a moving
target with the copious irrigation. If all else fails,
CSF can be removed from the ventricle and
replaced with air, thereby allowing the surgeon
to use standard coagulating techniques without
visual obscuration. It is very important to replace
the CSF with air to prevent the ventricles from
collapsing, as this can lead to different, and typi-
cally more serious, complications.

Avoidance
Prevention of hemorrhage is clearly the optimal
way to manage this dilemma:

1. Tap the ventricle with a smaller brain cannula
(brain needle; Scott Cannula [Codman,
Raynham, MA, USA]) before passing the
larger sheath. This will give the sheath easier
access and, hopefully, less traction on the ven-
tricular walls (Fig. 3).

2. Maintain your trajectory. Try not to move the
scope from side to side. A small degree of
movement may tear the ependymal vessels.

3. Sharp edges tend to damage vessels (Fig. 4).
When using a rigid scope, make sure the edges
are blunt and rounded. Older scopes may have
sharp edges, unlike more modern scopes. Sim-
ilarly, endoscope trocars (with working chan-
nels) tend to have rounded edges.

4. When using a flexible scope, check that the
scope is in the neutral position before
removing it.

5. If you are utilizing a technique that requires
you to remove and replace scopes into the

Fig. 3 19 French peel-away endoscope sheath (left) and
8 French brain cannula (right). The brain cannula has a
2.5 mm outer diameter

Fig. 4 This particular endoscope has sharp edges and is
capable of damaging neurovascular structures

ventricle, it would be wise to use a peel-away
sheath in order to maintain a tract through the
brain (Fig. 3).
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Neural Injury

The second most common intraoperative com-
plication associated with ETV, after bleeding/
hemorrhage, is damage of neural structures.
Damage to periventricular or intraventricular
structures has been reported in 0.24% of 2985
ETVs (Bouras and Sgouros 2011). These struc-
tures include the thalamus (0.12%), fornices
(0.04%), hypothalamus (0.04%), and midbrain
(0.04%). However, the degree of trauma that
constitutes injury or damage remains open to
interpretation, and these instances are very likely
underreported. This is underscored by the higher
rates of reported neurological and hormonal
morbidity. This may imply that the majority of
these incidents occur without being appreciated.
However, a recent large series of 336 pediatric
ETVs in North American centers reported small,
clinically insignificant contusion of the fornix
occurred in 12.8% of cases (Kulkarni et al.
2016). This was attributed to higher vigilance
of complication reporting.

Damage to the Fornices

Although trauma to the ipsilateral fornix is seem-
ingly a common complication of ETV, the clin-
ical consequences are usually minimal or
negligible (Schroeder et al. 2002; Teo et al.
1996). It usually occurs when the leading face
of the endoscope is passed from the lateral ven-
tricle into the third. It may also occur when the
scope is manipulated within the third ventricle
or, rarely, when the scope is removed from the
third ventricle. It has been implicated when
patients awake with memory disturbance,
although it is difficult to imagine bilateral
forniceal damage with any of these maneuvers.
Bilateral damage is more likely to occur with the
initial ventriculostomy, especially when the neu-
rosurgeon uses either the scope itself to tap the
lateral ventricle or a peel-away sheath. Another
error that may cause bilateral damage is when the
scope is placed unknowingly into the contralat-
eral ventricle and the surgeon attempts to pass
the scope into the third ventricle.
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Avoidance
Damage to the fornix can be avoided by following
some simple rules:

1. Optimal burr hole placement is paramount. We
typically use the following surface landmarks:
1 cm anterior to the coronal suture and 3 cm
lateral to midline.

2. Never access the ventricle with the endoscope
itself or anything larger in diameter than a brain
cannula. The thickness of either of these imple-
ments is such that if you are off target by only a
few millimeters, the consequences can be dev-
astating (Fig. 3). Use a standard brain cannula,
taking note of the depth at which the ventricle
is entered, so that the scope or a sheath can be
passed down the same tract for precisely the
same distance and not a centimeter more.

3. Ifyou inadvertently enter the contralateral ven-
tricle, it is better to abandon that trajectory,
remove the scope, and start again. Similarly,
if you find the trajectory is taking you to the
posterior third ventricle, it is better to discon-
tinue that attempt, remove the scope, make
another burr hole more posteriorly, and start
again.

4. It is not uncommon for the foramen of Monro
to remain relatively small despite quite dra-
matic ventricular enlargement. Consequently,
the scope may be too wide to pass through the
foramen (scope-to-foramen disproportion).
Techniques available to circumvent this prob-
lem include choosing a smaller-diameter scope
or trying to enlarge the foramen with gentle
irrigation and hydrodissection. A less optimal
way of avoiding damage is to remove the
endoscope trocar (if used) and to pass the
scope alone into the third ventricle. This
would necessitate creating the stoma with the
scope itself and without irrigation. Once the
scope is within the third ventricle, it is impor-
tant not to wield the scope in wide arcs.

5. Ifyou are using a flexible endoscope, it must be
in the neutral position before backing out of
the third ventricle. Faulty scopes that are
poorly cleaned often do not return to the neu-
tral position. To avoid this mistake, take note
of the trajectory when the scope first enters
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the third ventricle, and before removing the
scope, ensure that you have returned to the
same trajectory.

Hypothalamic Damage

This is the most common intraoperative neural
injury caused during ETV with postoperative clin-
ical consequences (Schroeder et al. 2002; Teo
et al. 1996). It usually occurs at the time the
stoma is created and can result in subclinical or
clinically devastating complications. The compli-
cations that have been documented in the litera-
ture include permanent or transient diabetes
insipidus, amenorrhea, loss of thirst, hyperphagia,
varying degrees of drowsiness, hyperkalemia,
hyponatremia, decreased insulin-like growth fac-
tor, and even death (Anandh et al. 2002; Vaicys
and Fried 2000; Dusick et al. 2008; Hader et al.
2008; Hailong et al. 2008; Kim et al. 2000). The
hypothalamus is particularly susceptible due to its
location in the walls of the third ventricle. Indeed,
without ventriculomegaly, the floor of the third
ventricle is a narrow median raphe where the
walls almost meet in the midline. With hydro-
cephalus, the walls and the raphe attenuate. In
reality, the junction between the thinned-out
raphe and the attenuated hypothalamus, which
may still be functional, is imperceptible. Clearly,
any trauma to the floor may result in trauma to
the hypothalamus. Thankfully, most hypotha-
lamic complications tend to be transient. Per-
manent rates of diabetes insipidus (0.64%),
weight gain (0.27%), and precocious puberty
(0.04%) are low in the reported literature (Bouras
and Sgouros 2011).

Avoidance

1. In cases of acute hydrocephalus, where the
floor has not had the opportunity to become
sufficiently thin, ascertaining the safest area to
place the stoma can be difficult. Penetrating the
floor too anteriorly will likely damage the
hypothalamus, while penetrating it too posteri-
orly may damage the basilar artery. In these
circumstances, aggressive irrigation of the
floor may sometimes reveal the thinnest area.

M. DeCuypere and C. Teo

Fig. 5 Although this MRI shows clear triventricular
ventriculomegaly secondary to aqueduct stenosis, the
floor of the third ventricle is extraordinarily thick

Alternatively, if one draws an imaginary line
between the infundibular recess and the
mamillary bodies, making the ventriculostomy
approximately between the anterior and middle
thirds should diminish the likelihood of
neurovascular damage.

2. Blunt techniques to penetrate the floor are less
often associated with damage to the basilar
artery and its branches. However, when the
floor is tough, blunt penetration may require
excessive force and subsequent traction on the
hypothalamus (Fig. 5). We advocate a sharper
technique in this setting and recommend the
closed end of a pair of grabbing forceps
followed by balloon dilatation (Fig. 1).

3. Make the stoma exactly in the midline. A burr
hole placed too laterally will result in the scope
aiming to the contralateral side of the third
ventricle.

Cranial Neuropathies

The cranial nerves most injured during ETV are
the oculomotor and abducens (Schroeder et al.
2002). Gaze palsy has been reported to occur in
0.6% of procedures (Bouras and Sgouros 2011).
Damage usually occurs when the floor is bulging
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downward, placing the nerves on the stretch.
Injury may also occur when the floor is perforated,
whereby further stretching of the floor causes
injury to an already compromised nerve. Diverg-
ing from the midline will also put the third cranial
nerve at higher risk.

Avoidance
Damage to cranial nerves is a rare complication
that can mostly be avoided by obeying a few
simple rules:

1. Keep to the midline. To achieve this, ensure the
burr hole is not placed too far lateral, and make
an impression on the floor before perforating it
so that you can pull the scope back slightly to
visualize exactly where the stoma will be
placed. Do not push the scope or perforating
instrument too far below the floor, and do not
push too vigorously on an already stretched
floor.

2. Be aware of aberrant anatomy. The third cra-
nial nerves can follow a course close to the
midline on their way to the cavernous sinus.
It would be wise to review thin slice T2
weighted MRI sequences during preoperative
planning.

Vascular Damage

Hemorrhage is the most common intraoperative
complication of ETV, and, as expected, its
reporting is variable due to threshold differences
for the definition (Egger et al. 2010, Hopf et al.
1999, Kadrian et al. 2005, Scarrow et al. 2000,
Schroeder et al. 2002, van Beijnum et al. 2008). In
the review of Bouras and Sgouros, the overall rate
of hemorrhagic incidents reported was 3.7%
(Bouras and Sgouros 2011). In 0.6% of cases,
the hemorrhage was considered severe. In con-
trast, Kulkarni et al. reported a hemorrhage rate
of moderate or severe of 6% in pediatric cases
(Kulkarni et al. 2016). Clearly, there is a differ-
ence of definition in this instance, and these num-
bers cannot accurately be compared.

Damage to the basilar artery, or its branches, is
the most life-threatening complication when
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performing ETV. It was reported in 0.21% of pro-
cedures reviewed by Bouras and Sgouros (2011).
Kulkarni et al. reported a similar rate of major
arterial injury at 0.3% (Kulkarni et al. 2016).
Certainly, the thought of this complication at the
moment of penetration causes more anxiety than
any other part of the operation. MRI studies have
shown us that the location of the basilar artery
bifurcation can be quite variable. It is most com-
monly just anterior to the mamillary bodies but
can be in juxtaposition to the dorsum sella or
somewhere in between. However, the perforators
are consistently posterior to the bifurcation, on
their way to supply the brainstem, and conse-
quently any attempt to perforate the floor must
be at least anterior to the bifurcation. When the
floor is transparent, the safest area can be readily
visualized. When the floor is opaque, however,
puncturing the floor is a blind maneuver. In reality
all techniques used to penetrate the floor are blind
maneuvers, as the basilar artery cannot be seen
until the floor is breached. More common than
damage to the bifurcation itself is damage to the
perforators (Fig. 6) (Schroeder et al. 1999, 2002).
These can be injured when the floor is breached
with the penetrating instrument but are also at risk
when the initial stoma is enlarged. For example, if
one uses the blunt end of closed forceps and opens
the forceps before retracting them into the third
ventricle, devastating hemorrhage may result if a

Fig. 6 View of the perforators coming off the back of the
basilar complex. If they are damaged, severe neurological
sequela may result
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small branch of the basilar artery is caught and
avulsed from its parent vessel. Similarly, passing a
balloon catheter through the floor, expanding it,
and pulling it back through the stoma before
deflating it may cause avulsion of a perforating
vessel. Several techniques have been proposed in
an attempt to avoid these complications (Decq
et al. 2000; Paladino et al. 2000; Schroeder et al.
2001; Wellons et al. 1999). An instrument
designed to elevate the floor before perforation is
theoretically appealing, but the same movement to
elevate the floor could also elevate an underlying
vessel. We recommend using the endoscope itself
to create the initial perforation. The face of an
endoscope, 4 mm in diameter, is far too large to
penetrate the basilar bifurcation or a perforating
vessel directly. Furthermore, if one uses a
30-degree scope, the face has a leading edge
which, when inserted with the leading edge ante-
rior, will naturally push the basilar complex pos-
teriorly (Fig. 7), thereby not placing the
perforating vessels under any tension. The obvi-
ous disadvantage of this technique is the added
force required to penetrate a thick floor, which
may stretch the walls of the third ventricle and
potentially cause hypothalamic injury.

Judicious management of hemorrhage from the
basilar complex may limit the adverse neurologi-
cal sequela of such a disastrous complication

Fig. 7 View of the basilar artery complex (looking poste-
riorly) as the stoma is created with the 30° endoscope

(Abtin et al. 1998). Maintaining access to the
ventricle is paramount. Although the endoscope
can be removed when visualization is obscured,
the sheath should remain within the ventricle so
that irrigation can continue until the bleeding
stops. This may take up to 45 min. Any attempt
to hasten the hemostatic process is usually unsuc-
cessful. Once the bleeding has stopped, the sheath
can be removed, an external ventricular drain left
within the lateral ventricle, and the wound closed.
The patient is then taken to the intensive care unit
where the ICP can be monitored and CSF drained
if necessary. An angiogram should be arranged
when the patient becomes neurologically stable,
and if a traumatic aneurysm is found, it should be
treated appropriately (Fig. 8) (Horowitz et al.
2001; Mclaughlin et al. 1997).

Avoidance

The following consensus statements are guide-
lines based on discussion with neuroendoscopic
colleagues who have had the misfortune to
encounter neurovascular injury. Some of these
thoughts have been documented in the literature
(Abtin et al. 1998; Mclaughlin et al. 1997,
Schroeder et al. 1999).

1. Choose your endoscope wisely. There are
some endoscopic sheaths that have extremely

Fig. 8 Angiogram of a child taken 7 days after a compli-
cated ETV. The surgeon experienced torrential hemorrhage
after creating the ventriculocisternostomy and implicated
the sharp edge of the scope as the causative factor
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sharp tips that could sever an artery if pushed
against it firmly (Fig. 4). The walls of the
sheath need to be smooth.

2. Choose your perforating instrument wisely.
Similarly, if you are using a technique that
utilizes smaller instruments passed down a
working channel to make the initial hole, the
tip of the instrument should be blunt. Examples
of instruments that have perforated the arterial
wall are a pair of grabbing forceps (closed), a
1I-mm fiber-optic flexible scope, a Fogarty
catheter with stylet, a laser fiber, and a mono-
polar coagulator.

3. If the floor is opaque and you are relatively
inexperienced, it may be wise to abandon the
procedure. If you decide to proceed, make the
perforation as anterior as possible but posterior
to the infundibular recess.

4. If you use the scope itself to breach the floor, it
is better to use a 30-degree scope with the
sloping face looking posteriorly (Fig. 7). If
the face is directly over the bifurcation, the
advancing scope will push the basilar complex
posteriorly, avoiding avulsion of the
perforators.

Postoperative Complications of ETV
Subdural Hygroma

While more common after VP shunt placement,
subdural CSF collections after ETV is another
well-documented complication that probably
occurs more frequently than the reported rate of
0.27% (Bouras and Sgouros 2011; Kurschel et al.
2007; Freudenstein et al. 2002). The presumed
pathophysiology is that CSF forces its way
through the frontal endoscope tract and into the
subdural space (Fig. 9). It does so because the
newly created “normal” pathways and the absorp-
tive mechanisms of CSF need time to mature.
Naturally, CSF tries to escape through the path-
way of least resistance. Indeed, some of these
patients have eventually required extracranial
CSF diversion, implying that the absorptive
mechanisms were always faulty (Freudenstein
et al. 2002; Kurschel et al. 2007).

Fig. 9 Coronal MRI demonstrating subdural hydroma
with pseudomeningocele several days after ETV

Avoidance

It is difficult to identify the true pathogenesis of
this condition, but as the authors have not had this
complication in the last 350 cases, it may be
prudent to follow the same protocol:

1. The ventricle should be expanded before
removing the sheath from the lateral ventricle.

2. The cortical endoscope tract should be plugged
with Gelfoam (Pfizer, New York, NY, USA).

3. Lumbar and ventricular drainage should be
avoided in the postoperative period.

Subdural Hematoma

Subdural hematoma is a not uncommon compli-
cation of any intracranial procedure that causes a
significant reduction to intracranial volume.
Bouras and Sgouros identified a rate of occurrence
of 0.3%, on par with the rate of intraventricular
hemorrhage (Bouras and Sgouros 2011). Remov-
ing a large tumor, for example, can cause the brain
to collapse, with subsequent unilateral, contralat-
eral, or bilateral acute or chronic subdural hema-
tomas (Ruggiero et al. 2004). Similarly,
permitting excessive loss of CSF during the oper-
ation may cause collapse of the cortical mantle
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Fig. 10 Asymptomatic subdural hematoma seen 3 months after an ETV. This resolved spontaneously

and formation of acute subdural hematoma
(Ogiwara et al. 2010; Navarro et al. 2006). Almost
invariably the collections are small and asymp-
tomatic (Fig. 10), but occasionally they can be
massive with serious clinical consequences
(Mohanty et al. 1997).

Avoidance

Clearly, the solutions are meticulous cortical
hemostasis and to try to keep the ventricles from
collapsing:

1. After tapping the ventricle with the thin brain
cannula, ensure the cortical incision is big
enough to admit the endoscope without caus-
ing displacement of the underlying brain.

2. Do not allow CSF to escape in large quantities.
Refill the ventricles when CSF does escape.

3. Coagulate all cortical bleeding vessels before
closing.

Intracerebral Hemorrhage

The true incidence of this complication is proba-
bly higher than that documented at 0.15% (Bouras
and Sgouros 2011). The size of the scope is such
that hemorrhage is more likely to occur with this
passing through the brain than after passage of a
smaller-gauge brain needle. Fortunately, the cor-
tical tract is in a relatively non-eloquent area, and
most hemorrhages are asymptomatic (Fig. 11).
The problem is compounded with collapse of the
ventricles after release of CSF.

Avoidance

1. The amount of CSF released with the initial
ventricular tap should be limited.

2. The ventricle should be refilled with lactated
Ringer’s solution at the completion of the oper-
ation before the cortical hole is plugged with
Gelfoam.
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Fig. 11 ETV tract hemorrhage noted on postoperative
imaging. This was created while using a peel-away sheath
to access the ventricle

3. The tract can be directly inspected when with-
drawing the scope from the ventricle. Any
obvious sites of hemorrhage can be stopped
with either coagulation or simple tamponade
with the scope itself.

4. Never use the scope to find the ventricle. It
should only be introduced when the ventricle
has been found with a stereotactic probe, a
ventricular catheter, or a brain cannula. Even
then, the scope should be marked at a point
5—6 cm from the tip so that it is never blindly
introduced further than the depth of the
ventricle.

CSF Leak

This is one of the more common and potentially
damaging complications. Bouras and Sgouros
report an incidence of 1.6%, while Kulkarni
et al. reported an incidence of 4.4% after ETV
(Bouras and Sgouros 2011; Kulkarni et al.
2016). The explanation for this complication is a
relatively simple one. Non-communicating
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hydrocephalus can give rise to secondary com-
municating hydrocephalus, and, conversely,
obstructive hydrocephalus may occur simulta-
neously with communicating hydrocephalus.
Thus, a patient who has an ETV for apparent
non-communicating hydrocephalus may have
associated communicating hydrocephalus and
will therefore fail to absorb the additional fluid
load, at least not in the immediate short term.
This theory accounts for why some patients
need several days or even weeks to improve
clinically and radiologically after ETV. CSF
within the ventricular and subarachnoid spaces
is under pressure in an attempt to create a gradi-
ent resulting in bulk flow across the villi into the
sagittal sinus. It is not uncommon for patients
after ETV to have significant subgaleal CSF col-
lections over the burr hole (Fig. 9). This will
progress to CSF leak if the wound breaks down
or if the absorption from the arachnoid villi con-
tinues to be inadequate. External ventricular
drainage or lumbar puncture has been advocated
by some to address this immediate fluid imbal-
ance. However, draining CSF externally discour-
ages the re-establishment of normal CSF flow,
possibly increasing the chance of the stoma clo-
sure, which in turn may increase the rate of
failure. This phenomenon has been well
documented by those neurosurgeons who have
monitored CSF pressure in the postoperative
period and who have resisted draining off any
fluid. It can persist for many days.

Avoidance

1. Use Gelfoam (Pfizer, New York, NY, USA) to
plug the cortical tract. This may help prevent
subdural hygroma and CSF leak. The use of
bone wax to plug the burr hole appears attrac-
tive but probably reduces the healing capacity
in the long term and may increase the risk of
infection.

2. Meticulous,
imperative.

3. Intermittent lumbar punctures in the immediate
postoperative period may reduce the incidence
of CSF leak but may also increase the
failure rate.

4. The patient should be kept as upright as possi-
ble in the postoperative period. This will serve

watertight wound closure is
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to reduce the CSF pressure on the wound and
decrease the sagittal sinus pressure, thereby
augmenting the CSF-to-sinus gradient.

CNS Infection

Any procedure that requires copious ventricular
irrigation raises the risk of ventriculitis/meningi-
tis. Infectious complications have a reported inci-
dence of 1.81% (meningitis 1.6%; ventriculitis
0.21%) (Bouras and Sgouros 2011). Sub-cortical
brain abscess has also been reported after ETV
(Grand et al. 2016). CSF leak is certainly not
necessary for infection to occur, and CSF leak is
generally not considered a risk factor for infection
by several authors (Ersahin and Arslan 2008,
Hader et al. 2008, Navarro et al. 2006, van
Beijnum et al. 2008). Disposable fiber-optic
scopes may further reduce the risk of infection,
although this has not been substantiated in the
literature. Patients with meningitis following
ETV usually present with fever, headache,
vomiting, and signs of intracranial hypertension
within 2-7 days. The devastating sequel to the
meningitis is probable shunt dependence. How-
ever, CNS infection may lead to sepsis (0.8%) and
even death (Hader et al. 2008; Schroeder et al.
2002; Grand et al. 2016).

Avoidance

1. We regularly use prophylactic antibiotics
for ETV.

2. The simple act of irrigating the working chan-
nels before placing the scope into the ventricle
may reduce the incidence of infection.

Postoperative Neurological Deficit

Nonspecific neurological sequela after ETV such
as confusion, drowsiness, and irritability can be
secondary to many events. Some potential steps in
the operation where general neurological injury
may occur are irrigating within the ventricles with
either cold or non-isotonic solution, stretching of
the hypothalamus with third ventricular manipu-
lation, rapid changes in intracranial pressure with

M. DeCuypere and C. Teo

irrigation and subsequent brain shifts, subarach-
noid hemorrhage either with the cortical incision
or creation of the stoma, and vasospasm second-
ary to manipulation of the vessels within the
interpeduncular cistern. Transient akinetic mutism
has been postulated to be secondary to thalamic
injury (Dusick et al. 2008). Bouras and Sgouros
report incidences of decreased consciousness
(0.34%), hemiparesis (0.34%), and memory dis-
orders (0.17%), contributing to an overall postop-
erative neurological deficit rate of 1.44% (Bouras
and Sgouros 2011). Kulkarni et al. report a similar
postoperative neurological deficit rate of 1.5%
(Kulkarni et al. 2016).

Avoidance

1. Never tap the ventricle with the scope or the
scope sheath.

2. Always check the scope or the sheath for cen-
timeter markings so that it is never passed more
than 5 cm below the cortical surface.

3. Once good visualization is obscured with hem-
orrhage, either clear it with irrigation or, failing
this, abandon the procedure. Do not persevere
with ventricular navigation by feel. There is
virtually no tactile feedback in endoscopy.

Seizures

Seizures can occur after any procedure that
requires a cortical incision. The incidence may
be higher where bone dust is allowed to pollute
the cortex. It is important to limit the size of the
cortical incision and limit the amount of bone dust
once the dura is opened. We do not routinely use
prophylactic anticonvulsant medications.

Others

Several other complications have been docu-
mented after ETV. The incidence of systemic
complications after ETV has been reported as
2.34% (Bouras and Sgouros 2011). The most fre-
quent were systemic infection and deep vein
thrombosis. However, other documented compli-
cations include pneumonia, pulmonary embolism,
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urinary retention, renal failure, hypotension, and
bradycardia. Thomson et al. reported three cases
of hypertrophic calcification within the cerebral
matter after ETV (Thomson et al. 2003). They
postulated that this complication was iatrogenic
from sealing the burr hole with bone dust at the
conclusion of the procedure.

Postoperative Management

The patient is typically sent for ward observation,
encouraged to mobilize soon, and sit upright as
much as possible. We would discourage the use of
external ventricular drainage for any period of
time or intermittent lumbar punctures. There is
no evidence to suggest whether this is a wise
strategy or not. Parents, patients, and caregivers
should be warned that all symptoms may not
resolve rapidly. Indeed, if they are improved but
not absolutely normal, time should be given for
possible complete resolution. Serial CT scans may
be helpful if they show change, but it should be
noted that persistence of ventriculomegaly is
usual. Finally, this operation is not a cure. Patients
need regular surveillance, like those with shunts,
as long-term failures have been known to occur
(Hader et al. 2002).

Patient Selection

All patients with non-communicating hydroceph-
alus are candidates for ETV. However, to reduce
the rate of complications, the ideal candidate
would have large ventricles, a third ventricle
wider than the diameter of the scope/sheath, an
attenuated third ventricular floor, a capacious
interpeduncular cistern, and no aberrant anatomy
(Rohde and Gilsbach 2000). Of course, with expe-
rience, the selection criteria can be liberalized
without jeopardizing patients. The etiology of
the hydrocephalus may also be a significant prog-
nosticator, e.g., a patient with secondary
aqueductal stenosis should do better than one
with post-meningitic hydrocephalus (Kulkarni
etal. 2011).
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Summary

As mentioned previously, there is a clearly a lack
of consensus regarding incidents that are
recorded as complications with regard to ETV.
In the review of Bouras and Sgouros, the mean
overall complication rate was reported as 8.5%
(range 0-31.2%). The permanent overall mor-
bidity rate was reported as 2.38%, with more
modest variation (0—9.1%). Thankfully, the mor-
tality rate associated with ETV was low and
reported as 0.28% (Bouras and Sgouros 2011).
It should be mentioned, however, that there have
been reports of sudden death events after
uneventful ETV. These have occurred at
5 weeks to 7.8 years after ETV (Drake et al.
2006; Hader et al. 2002). In these cases, death
was the result of massive hydrocephalus caused
by stoma occlusion. It appears that this compli-
cation is very rare (0.07% incidence); however,
patients and families should always be informed
of this possibility, and surgeons should remain
vigilant with follow-up.

ETV is now a well-established procedure for
the effective management of hydrocephalus. In
general, ETV may be regarded as a safe procedure
with relatively low rates of morbidity and mortal-
ity. Unfortunately, while many retrospective
series exist in the literature, prospective data
regarding specific intraoperative events and their
impact on complications and success is absent and
much needed. As with all surgical procedures,
avoidance and prevention is the best approach.
By adhering to the guidelines presented herein,
we hope to make this procedure safer and more
effective in the hands of less-experienced
neuroendoscopists.
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