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A variety of complications in endoscopic third ventriculostomy have been reported, including neurovascular injury, hemodynamic 
alterations, endocrinologic abnormalities, electrolyte imbalances, cerebrospinal fluid leakage, fever and infection. Even though 
most complications are transient, the overall rate of permanent morbidity is 2.38% and the overall mortality rate is 0.28%. To avoid 
these serious complications, we should keep in mind potential complications and how to prevent them. Proper decisions with 
regard to surgical indication, choice of endoscopic entry and trajectory, careful endoscopic procedures with anatomic orientation, 
bleeding control and tight closure are emphasized for the prevention of complications.
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INTRODUCTION

Although endoscopic third ventriculostomy (ETV) is a safe 

procedure, a variety of complications have been reported, 

mostly related with the surgical procedure. The overall mor-

bidity rate reported is 8.5%, ranging from 0 to 31.2%, and the 

overall rate of permanent morbidity is 2.38%6,7,19,25). Even 

though lethal complications have been rarely reported, the 

overall mortality rate is 0.28%, and as high as 1.28%. Causes 

of mortality include thalamic injury, basilar artery injury, 

meningitis, and sepsis.

Ventricular anatomy is altered in many diseases. The altered 

anatomy interferes with the correct placement of the fenestra-

tion on the third ventricle floor, which can cause vascular and 

neurological injuries and may be associated with significant 

complications and morbidity. In cases of developmental 
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anomalies such as myelomeningocele and multilocular hydro-

cephalus, it is not easy to identify the transparent membrane 

in front of the mammillary bodies19,25). Basal ganglia and large 

thalamic tumors cause significant ventricular distortion24). In 

older patients or those with previous cerebrospinal fluid (CSF) 

infection, the third ventricle floor may be thickened, and the 

basilar artery is not easily identified7). In some individual pa-

tients, there is a very narrow space between the clivus and the 

mammillary bodies or basilar artery. Moreover, repeated ETV 

is associated with signif icantly increased complication 

risk18,25).

The complications of ETV have been underestimated. Vari-

ous types of complications have been reported, including ce-

rebral herniation syndromes, cardiac arrhythmias, injury to 

the hypothalamic-pituitary axis and/or structures near the 

floor of the third ventricles such as the cranial nerves and bas-

ilar artery, injury of large ependymal veins, meningitis, sepsis, 

and cognitive dysfunction6,7,22,25). This article reviews various 

types of complications and discusses how to prevent these se-

rious complications.

COMPLICATIONS OF ENDOSCOPIC THIRD  
VENTRICULOSTOMY

Vascular injury
Minor bleeding occurs in up to 16.5% of cases7,19). Bleeding 

occurs with accidental tearing or unusual stretching of the 

veins by the endoscopic devices. Small cortical, parenchymal 

or ependymal vessels may be torn. The majority of bleeding 

can be controlled using continuous irrigation with wash-out 

and generous compression28). Major bleeding is reported in 

0.49% of cases due to injury to branches of the basilar artery 

or septal and thalamostriate veins19). Injury to the basilar ar-

tery or basilar perforating arteries is the most feared intraop-

erative complication, occurring in 0.2–0.3% of cases and as-

sociated with high mortality and morbidity6,22). The tortuosity 

and herniation of the basilar complex against the floor of the 

third ventricle or an opaque neural f loor can elevate the risk 

of this complication12).

Injury of neural structures
Cerebral herniation syndrome occurs because of closed and 

obstructed outf low channels or excessive irrigation25). The 

volume of irrigation and intracranial pressure (ICP) changes 

should be kept in mind. Significantly increased ICP causes 

delayed awakening and persistent confusion. Intraoperative 

injury of neural structures affects the fornix during passage 

through the foramen of Monro, the thalamus by direct injury, 

the hypothalamus due to eccentric location of the ostomy, and 

the oculomotor nerve upon penetration of the third ventricle 

floor7,22). 

Reported rates of transient neurologic symptoms vary. 

Transient ocular divergence and anisocoria can occur from 

stretching of the midbrain and third or sixth cranial nerves 

palsies. Inadvertent brain injury causes transient loss of con-

sciousness, neurological deficits, confusion, memory loss, 

convulsions and impaired cognitive function. Among such 

cases, the rate of permanent neurological morbidity was esti-

mated at 0.5–1.4%6,7,22).

Hemodynamic alterations
Intraoperative changes in heart rate, rhythm and mean ar-

terial pressure can be recorded during the procedure by anes-

thesiologists. Hemodynamic changes are frequent and mostly 

transient19). Surgeons should be alerted to hemodynamic 

changes during ETV procedures. When tachycardia, brady-

cardia, hypertension, hypotension, and arrhythmia are no-

ticed, surgeons should pause fluid irrigation, ballooning and 

advance of endoscopy. Rarely, intraoperative cardiac arrest 

and uncontrollable postoperative high-frequency tachypnea 

have been reported4,14). 

Cardiovascular responses may be induced by a sudden rise 

in ICP secondary to high-speed irrigation or obstruction of 

the outflow of fluid, which can lead to impaired cerebral per-

fusion. Tachycardia and hypertension are associated with in-

creased ICP. Inadvertent stimulation or injury to the posterior 

hypothalamus or third cranial nerve can also induce hemody-

namic changes. The reported rate of bradycardia at the time of 

fenestration of the third ventricle floor is 26.8–43%3,19).

Endocrine abnormalities and electrolyte imbal-
ances

The overall rate of hormonal morbidity is 0.94%6,7). The tu-

ber cinereum is a part of the hypothalamic-pituitary axis of 

cerebral endocrine regulation. Hormonal morbidity mainly 
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includes transient diabetes insipidus of hypothalamic origin, 

which remains permanent in some patients. Opening close to 

the infundibular recess resulted in permanent diabetes insipi-

dus and transient loss of thirst25). Diabetes insipidus was re-

ported in 0.64% of cases, weight gain in 0.27%, and preco-

cious puberty in 0.04%6). Additionally, amenorrhea and 

partial growth hormone deficiency were reported due to hy-

pothalamic injury17,26). 

Electrolyte disorders such as hyponatremia, hypernatremia 

and hyperkalemia can occur and in most cases reverse spon-

taneously2,6,19). This may be explained by a transient hormonal 

disturbance related to the hypothalamus, which is situated in 

the third ventricle floor. Interestingly, postoperative transient 

isolated hyperkalemia without changes in the serum sodium 

level was reported 3–4 days after surgery2).

CSF leakage, fever and infection
The reported rate of CSF leaks was 1.7% overall, with re-

ports as high as 5.2%6,7). This is often the first sign of early 

failure, and persistent CSF leakage can be a sign of treatment 

failure. This is treated by resuturing of the skin incision, and 

serial lumbar CSF drainage if increased ICP is suspected.

Postoperative fever was reported in 65.1% to 84.4% of cases, 

with especially high rates among children11,21). Fever may be 

caused by hypothalamic irritation due to mechanical injury, 

small hemorrhages or air in the ventricle. Fever frequently de-

velops after procedures, peaking the day of surgery and/or 

rapidly subsiding, usually within 3 days. In cases of sustained 

fever, increased temperature 48 hours postoperatively and 

clinical illness, various infections including meningitis or ven-

triculitis should be considered.

Infections such as meningitis or ventriculitis were reported 

in 1.81% to 6.1% of cases in the immediate postoperative peri-

od6,7). Infectious complications are commonly associated with 

CSF leakage. Although antibiotic treatment is usually effec-

tive, progression to sepsis was reported in rare cases.

PREVENTION OF COMPLICATIONS

We would like to emphasize preventive measures for several 

of the complications mentioned above.

Proper surgical indication
The surgical risk of neural injury in ETV is higher than that 

of shunting. Unnecessary trials of ETV should be avoided as 

much as possible. Prediction of success after ETV is clinically 

significant for the prevention of complications. The prediction 

of success is discussed in another chapter.

In this chapter, we address an additional aspect of post-ETV 

aggravation of ventriculomegaly. In cases when craniectomy 

or craniotomy, especially cranial remodeling, is combined 

with ETV either simultaneously or in a staged fashion, ETV 

should be reconsidered. In contrast to shunting surgery, it is 

not rare for ETV to require pressures higher than normal ICP 

to work normally. The ventricles are frequently larger than 

normal even in the post-ETV ‘well-functioning’ state. When 

craniotomy is combined with ETV in patients with hydro-

cephalus, the relatively high ICP may elevate the craniotomy 

flaps and lead to progressive ventriculomegaly. If the craniot-

omy flap is loosely fixed or easily expands, the ICP does not 

reach the threshold of CSF absorption and the ventricles may 

dilate even if the ICP is lower than in the preoperative state. 

Therefore, rigid fixation of craniotomy f laps is required. 

Mildly increased ICP caused by rigid fixation pushes the CSF 

through the absorption sites, such as arachnoid granulations, 

preventing progression of hydrocephalus and leading to suc-

cessful ETV. If the ventricle size is stabilized at a non-physio-

logically high ICP, the ETV procedure should be regarded as a 

failure.

Point of ventricular entry
For typical ETV, the most preferable site of entry is around 

the coronal suture, approximately 3 cm laterally from the 

midline in adults. However, this should be modified accord-

ing to the shape of ventricles and age of the patient.

When ETV and an additional procedure such as biopsy or 

septostomy is required at the same time, the site of entry and 

the shape of the burr hole should be modified. For example, a 

pineal mass with associated hydrocephalus can be managed by 

ETV and simultaneous biopsy. In this case, we prefer a burr 

hole placed close to the hairline with anteroposteriorly elongat-

ed shape. The endoscope is introduced along the angle between 

the usual ETV entry site and the pineal biopsy site (Fig. 1). 

Neuro-navigation can be helpful to select the entry point and 

trajectory20). Because of possible bleeding from the tumor, we 
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perform the ETV first, then perform the biopsy later. The clots 

are aspirated around the stoma of the ETV if present.

Insertion of the endoscope
For the puncture of the ventricle with an endoscope, exact 

measurement of the ventricle system is important to avoid un-

necessary injury to the brain. Although endoscopes have be-

come smaller in diameter compared to previous eras, they are 

still much larger than a shunt catheter and could cause signifi-

cant brain damage with neurological deficits if placed in the 

wrong direction.

Image-guided neuro-navigation or intraoperative sonogra-

phy are excellent tools to assist in ventricular access, especially 

when the size of the ventricle is relatively small. However, for 

moderate- or large-size ventricles, careful aiming of the endo-

scope according to multi-directional neuroradiologic images 

is an acceptable method8).

Anatomical orientation for steering of endo-
scopes

The obstacles to a successful ETV after entering into the 

ventricle are disorientation and bleeding.

Sometimes the endoscope is inserted too anteriorly into the 

frontal horn, where the choroid plexus is absent. The endo-

scope should be steered to the posterior side to find the cho-

roid plexus at the foramen of Monro. 

It is not rare to encounter a septal defect when the hydro-

cephalus is congenital in origin or long-lasting. It is not diffi-

cult to make a proper orientation by identifying the relative 

positions of anatomical structures, such as the foramen of 

Monro, septal veins, thalamostriate veins and the choroid 

plexus.

For a typical ETV, the landmarks—foramen of Monro, sep-

tal vein, thalamostriate veins, mammillary bodies and infun-

dibular recess—are prominent and disorientation is not a 

problem. Usually, the dorsum sellae and the top of the basilar 

artery are visible through the thinned floor of the third ven-

tricle. Nonetheless, chronic inf lammation or congenital 

anomalies, such as hydrocephalus in a myelomeningocele pa-

tient, can obscure the anatomy5,10,23,24). Careful inspection of 

sagittal magnetic resonance images is helpful to determine the 

relationship between the basilar artery and the f loor of the 

third ventricle, considering individual anatomical variations15). 

Again, intraoperative neuro-navigation is useful. Palpation of 

the dorsum sellae is another method but still presents some 

risk.

Control of bleeding
Sizable arteries are not exposed to the ventricle system. 

Only bleeding from the choroid plexus, veins or capillaries 

may be encountered during ventricular access in ETV. There-

fore, gentle pressure is helpful and sufficient to control the 

bleeding because the bleeding pressure is not as high as in ar-

teries. 

Irrigation with saline is the most commonly used method 

for clearing the operative field and controlling bleeding. It is 

not reasonable to ‘wash’ a wound for hemostasis. Instead, 

compression is the ‘common sense’ approach for the control 

of bleeding. The ‘washing’ component of irrigation does not 

stop bleeding but the ‘compression’ exerted by the pressure 

from the f luid column of irrigation saline is helpful for the 

Fig. 1. A recommendable trajectory for simultaneous ETV and biopsy is 
shown as an arrow on the midsagittal MR image in a patient with a 
pineal mass and hydrocephalus. It is set between two paths for 
endoscopic third ventriculostomy (dotted line) and biopsy (solid line). 
Note that the burr hole (colored ellipse) is elongated in an anterior-
posterior direction. ETV : endoscopic third ventriculostomy, MR : 
magnetic resonance. 
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control of bleeding in endoscopy. Applying a water column 

with closure of the drainage port is a more effective way to 

manage the bleeding28). However, water column tamponade at 

high pressure for longer than 4–5 minutes may cause ischemic 

damage, especially when the patient is very young. Blood pres-

sure and pulse rate should be carefully monitored during the 

period of water column tamponade. We apply intraoperative 

monitoring in relatively complex endoscopic procedures that 

usually require more frequent and longer tamponade, such as 

fenestration of deep-seated arachnoid cysts in young patients.

Although rare, cases of arterial injury around the ETV sto-

ma are reported in the literature1,16,25). In these cases, the tear 

of the arterial wall is small and massive saline irrigation is 

helpful. It takes a much longer time to control bleeding than 

in cases of bleeding from veins or capillaries. Careful follow-

up is needed to detect the formation of pseudoaneurysms, 

which may require interventional neurovascular procedures. 

Insertion of instruments through the endoscopic 
port

The visual range of an endoscope is less than 180°. The out-

let at the ventricle side for endoscopic instruments is located 

just adjacent to the tip of the optic fiber. Therefore, the tip of 

the instrument is visible only when the instrument is ad-

vanced a short distance from the level of the tip of the optic fi-

ber. If the instruments are inserted while the tip of the optic 

fiber is located too close to the wall of the ventricles, they may 

penetrate the wall of the ventricles before it is visualized 

through the endoscope. To prevent this kind of neurovascular 

injury, when instruments are inserted, the tip of the optic fi-

ber should be oriented slightly away from the ventricular wall, 

staying in a wide space such as at the superior area of the later-

al ventricle. In addition, the tip of instruments should be iden-

tified before they are advanced, proceeding as one piece with 

the optic fiber until they approximate the target (Fig. 2). 

Passing of an endoscope through the foramen of 
Monro

Minor contusion injury to the fornix is common during the 

ETV procedure. It does not cause symptoms of memory dis-

turbance because most injuries are mild and unilateral. How-

ever, if the injury is bilateral it may cause symptoms. There-

fore, we do not recommend ETV through the contralateral 

foramen of Monro, especially if there was a significant injury 

to the fornix during a previous ETV.

If the foramen of Monro is small and occluded by choroid 

plexus, it is reasonable to coagulate the choroid plexus before 

the endoscope passes through the foramen. This may mini-

mize bleeding from the injury to the choroid plexus. Applying 

moderate pressure with the fluid column of irrigation saline is 

a method to enlarge the foramen. This reduces the chance and 

degree of bleeding from the choroid plexus and injury to the 

fornix. 

Postoperative CSF leakage in infants
It is well known that in infants, the failure rate of ETV is 

higher than in older children, probably due to poorer CSF ab-

sorption9,13,27). Furthermore, the layers of dura and scalp at the 

closure are thin and weak. Therefore, postoperative CSF leak-

age is one of the major concerns that leads to shunting surgery 

in infants. When we close the ETV wound in infants, we pay 

special attention to reinforcement of the burr hole site as well 

as plugging the tract using pieces of wedge-shaped absorbable 

gelatin sponge which are large enough not to fall into the ven-

tricle. We make the best use of pericranial suture, dural seal-

ants and a bone graft or a small metal piece to support the 

burr hole.

Working channel Scope

Damage

Instrument

Brain

Fig. 2. A schematic drawing showing a case of brain damage caused by an 
instrument when the endoscope is too close to the ventricle wall before 
the instrument is identified through the endoscope (right). When the 
endoscope is placed su�ciently away from the wall (left), the instrument 
does not cause brain damage while it enters the endoscopic view.



Prevention of Complications in Endoscopic Third Ventriculostomy | Jung TY, et al.

287J Korean Neurosurg Soc 60 (3) : 282-288

CONCLUSION

Even though the complication rate of ETV is not so high, 

serious events should always be kept in mind. Understand-

ing of potential surgical complications at each step, careful 

intraoperative monitoring and procedures, and close post-

operative observation are necessary to prevent these compli-

cations.
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