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Abstract: Background and Purpose: The objective was to analyze the feasibility of an External Ventricle Drainage (EVD) for 

an obstructive hydrocephalus in patients with severe ventricular hemorrhage. Methods: In this retrospective study, from October 

2012 to January 2014 in our department, 23 patients received an EVD for obstructive hydrocephalus. The duration of required 

EVD, risk factors, and therapeutic effect were analyzed. Results: Twenty three patients were enrolled; Hypertensive cerebral 

hemorrhage broken into ventricles and caused hydrocephalus in 19 cases, of which 14 cases led an EVD in single lateral ventricle 

forehead (five cases in left; nine in right side), 5 cases bilateral lateral ventricle forehead drainage; survival for 18 cases, but one 

case died of pulmonary infection; 4 cases need a further ventriculo-peritoneal shunt. Vascular malformations hemorrhage 

patients underwent single lateral EVD, bilateral drainage in one case; survived for three cases, one case died due to organ failure 

after infection; one case needs a further ventriculo-peritoneal shunt. Conclusion: Our data suggest that EVD is a safe and feasible 

way for treatment of acute obstructive hydrocephalus after intraventricular hemorrhage. After treatment by using an EVD for 

acute obstructive hydrocephalus, it can relieve patient’s condition and gain time to further save lives. 
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1. Introduction 

Acute obstructive hydrocephalus is an emergency incident 

and need quickly manage to relieve intracranial pressure, to 

gain time for further treatment [1]. EVD can quickly relieve 

intracranial pressure, and also reach the aim to drainage of 

intraventricular hemorrhage in cases of cerebral hemorrhage. 

Urokinase and other drugs were inserted by EVD to dissolve a 

cerebral hemorrhage, to achieve the purpose of treatment and 

significantly reduce the proportion of late 

ventriculo-peritoneal shunt. From October 2010 to January 

2014, 23 cases of acute obstructive hydrocephalus were 

treated in our department with hypertensive intracerebral 

hemorrhage broken into ventricles in 19 cases, vascular 

malformations in 4 cases. All these acute obstructive 

hydrocephalus cases were treated with an external ventricle 

drainage (EVD), and observed and follow-up treatment effect. 

Summarized as follows: 

2. Material and Methods 

Ethics approval and consent to participate: 

This research has been approved by the ethics committee of 

the Second Hospital affiliated to Nantong University. 

Informed consent has been obtained and this investigation has 

been conducted according to the principles expressed in the 

Declaration of Helsinki. And the authors have obtained 

written informed consent of all the tissues. 

2.1. Patient Population 

Twenty-three patients (9 female and14 male; male/female 

ratio 1.6) with a mean age of 43.7 years (range from 29 to 72 

years) were treated with an EVD for intraventricular blood. 

All patients exhibited acute hydrocephalus diagnosed by the 
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initial CT or MRI scan with or without blood clots obstructing 

the ventricles. Clinical manifestations: conscious in 12 cases, 

shallow-moderate coma in 8 cases, the deep coma in 3 cases. 

Hypertensive intracerebral hemorrhages were in 19 cases, 

cerebral vascular malformation hemorrhage in 4 cases. 

2.2. Surgical Procedure 

All cases are clear presence of acute obstructive 

hydrocephalus, with or without intraventricular hemorrhage. 

All cases were performance of the intracranial hypertension. 

The access side was chosen as the side of the lateral ventricle 

containing the largest amount of blood or the largest dilation, 

main in right forehead of lateral ventricle. In cases with 

bilateral massive inundation, the access was bilateral. In the 

presence of a ventricular vascular malformation or aneurysm, 

an approach from that side was avoided. Routine ipsilateral 

ventricle was punctured for the single ventricle hematocele in 

19 cases, double lateral ventricles drainage in 4 cases for 

bilateral ventricles hemorrhage. 

The surgery method are as follows: After routine 

disinfection, supine, head elevation to 20-30°, the access was 

1 cm precoronal, 2-3 cm from lateral to the midline, through a 

1 cm bur hole. Dural was incision in “+” shaped, coagulated 

hemostasis. Puncture with core needle puncture needle was in 

the direction toward imaginary ligature midpoint of the 

bilateral external auditory canal and avoided cortical blood 

vessels. The depth of needle was inserted in 4-6mm, after a 

sense of breakthroughs, to get into the lateral ventricle 

forehead. Cerebrospinal fluid outflow is visible when pull out 

the needle core, and then inserted a more 0.5-1cm in it. Next, 

EVD tubes was fixed, and sutured. Height of EVD was 

according to the patient's intracranial pressure and the amount 

and speed of drainage. 

To cases of excessive intraventricular hemorrhage or even 

cast ventricle, we inject urokinase into intraventricular to 

promote dissolve blood clots, which could speed up the 

recovery of cerebrospinal fluid circulation. The method of 

urokinase application: 50,000 U of urokinase was dissolved in 

5 ml 0.9% sodium chloride solution and injected into 

intraventricular according EVD. Drainage was opened after 

closed for 2 hours. Urokinase solution could be used again 1 d 

after. In the process of drainage, the amount of drainage and 

color was observed and recorded. If necessary, urokinase was 

several injected for treatment. Up, we injected a total four 

times of urokinase. The five cases in the late were added a 

lumbar puncture catheter assisted drainage and treatment of 

intraventricular hemorrhage. 

The longest indwelling time of EVD was a week, 3-5 days 

in normal. In the course of treatment, once the clots 

disappeared and obstruction was eliminated in the timely 

review of head CT, EVD was timely Clipping. If intracranial 

pressure was not increased in more than 1 d (> 24h), and 

disturbance of consciousness does not aggravate in these cases, 

EVD was removed. 

 

Figure 1. A patient was ventricle haemorrhage with associated 

hydrocephalus and blood in the third and both lateral ventricles. (A) Pre 

operative CT scan showing ventricle haemorrhage with associated 

hydrocephalus and blood in the third and both lateral ventricles; (B) an EVD 

was led in single lateral ventricle, and ventricle haemorrhage was smaller in 

CT scan two days later; (C)three month later, this patient shows headache, a 

declining level of consciousness and function. The clinical picture in CT is 

ventriculomegaly and periventricular edema; (D) After ventriculo-peritoneal 

shunt (VPS), it’s brain CT scan showed that ventriculomegaly become to 

normal more or less and periventricular edema is alleviated. 

3. Results 

The group consisted of 23 cases of acute obstructive 

hydrocephalus with or without intraventricular hemorrhage: 

hypertensive intracerebral hemorrhage breaking into the 

ventricle were in 19 cases, of which 14 routine ipsilateral 

lateral ventricle forehead EVD (5 cases in the left side and 9 

cases in right), 5 cases underwent bilateral lateral forehead 

EVD, including two cases with the use of a lumbar puncture; 

18 cases were survival postoperative, 1 case died of 

pulmonary infection, and 4 cases need a further 

ventriculoperitoneal shunt in follow-up; 4 cerebral 

hemorrhage patients because of vascular malformations 

underwent single ventricle drainage in three (one case in left 

and two in right side) and bilateral EVD in one case, of which 

3 cases was survival, one case died due to organ failure after 

infection, 1 case required a secondary ventricle-peritoneal 

shunt. Postoperative follow-up head CT, it suggested 

intracranial acute hydrocephalus was improved. 

4. Discussions 

Acute obstructive hydrocephalus due to intraventricular 

hemorrhage or ischemia was neurosurgery emergency. Acute 
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cerebrospinal fluid circulation disorder was caused by 

cerebral hemorrhage, cerebral edema after cerebral ischemia, 

and some other reasons. Hydrocephalus was increasing to 

expansion of the ventricular system, and increased ventricular 

tension. All cases had performance of intracranial 

hypertension, aggravated disturbance of consciousness, coma 

or even death in severe cases. EVD is feasible to relief the 

intraventricular pressure, drainage of cerebrospinal fluid, and 

to gain time for further treatment [1, 5, 7]. 

Reason for the occurrence of acute hydrocephalus caused 

by stroke, we summarized down the following two reasons: (a) 

variety reasons of cerebral hemorrhage, such as: hypertensive 

intracerebral hemorrhage, spontaneous subarachnoid 

hemorrhage, and so on, resulted in the drainage disorder or 

malabsorption of cerebrospinal fluid in the ventricular system. 

Cerebrospinal fluid was accumulated in the ventricular system 

which could impact cerebrospinal fluid circulation. For 

example, aqueduct was obstructed by bleeding, and third 

ventricle was block by hemorrhage [3, 4, 11]; (b) 

hypertension stroke, cerebral infarction and other reasons 

cause brain swelling, shift of brain midline, ventricular 

compression, which obstructed the pathway of cerebrospinal 

fluid circulation, and resulted in acute hydrocephalus [2, 8]. 

After the formation of acute obstructive hydrocephalus, 

intracranial pressure was increased because disorder of 

cerebrospinal fluid circulation, which seriously affected the 

survival of the state and the consciousness of the patients, or 

even death in severe cases. Clinical condition should be 

closely observed, and the brain CT examination should be 

considered in a timely manner when necessary. Once 

diagnosed, handle should be actively. 

23 cases of acute obstructive hydrocephalus admitted to our 

department from October 2010 to January 2014, treated with 

EVD. Of this series, hypertensive cerebral hemorrhage broken 

into ventricles in 19 cases, and cerebral hemorrhage because 

of vascular malformations in 4 cases. Bilateral lateral drainage 

in six cases, 6 cases in left ventricle drainage, 11 cases in the 

right side. Principles of catheter drainage in our department: 

The access side was chosen main in right forehead of lateral 

ventricle or bilateral. The method of urokinase application: 

50,000 U of urokinase was dissolved in 5 ml 0.9% sodium 

chloride solution and injected into intraventricular according 

EVD. Drainage was closed for 2 hours before opened. In the 

process of drainage, the amount of drainage and color was 

observed and recorded. Depending on the blood volume and 

effect of drainage, urokinase can be used continuously for 

several days. After injection of urokinase, changes should be 

closely observed, in condition such as: increased disturbance 

of consciousness, restlessness, and high blood pressure. Once 

met, EVD should be opened in a timely manner. If fresh 

bleeding or the patient's condition does not get better after 

opened, a timely head CT is in consideration. As early as 1995, 

Rohde et al [10] reported EVD in the intraventricular 

hemorrhage achieved satisfactory results combined with the 

use of rt-PA treatment. In 2000, Naff et al [9] reported that a 

group of 12 patients with intraventricular hemorrhage was 

treated by EVD combined with urokinase injection therapy, 

and achieved satisfactory results. EVD was clipping for 24 

hours inner 3-5 days once acute hydrocephalus was relieved. 

If disturbance of consciousness is not increased, EVD was 

removal, which can't be indwelling for more than a week. 

Huttner et al [6] EVD was clamping for one day in cases 

whose intraventricular pressure is no more than 20 mmHg up 

to 24 hours, than EVD was removed if none expansion of the 

ventricular system in review of head CT. For hydrocephalus 

cases in the latter follow-up, a further ventricular-peritoneal 

shunt was alternative. 7 cases in this series required a further 

ventricular-peritoneal shunt. 

To cases of obstructive intraventricular hemorrhage, we 

treated with use of a lumbar puncture external drainage (LED) 

in the latter part of these cases. In the early, ventricular system 

is still in a state of obstruction, not yet recanalization, EVD 

with a LED can promote the discharge of cerebral hemorrhage. 

Once clear there is no obstruction in the ventricular system, 

especially after the removal of EVD, we continue with the use 

of LED. We consider that although EVD alone is effective to 

drainage small lateral ventricle hemorrhage. To cast ventricle 

or larger blood clots, EVD only is limited, especially for the 

third and fourth ventricle hemorrhage cases which was less 

exposure, less direct effective, and dissolved ineffective. If 

oppression to hypothalamus, brain stem and other intracranial 

important anatomical structures can't be quickly released, this 

would affect the efficacy. EVD plus ELD can help accelerate 

the dissolution and removal of intracranial hemorrhage, 

relieve intracranial pressure. Huttner et al [6] similar to our 

point of view, that EVD plus ELD were effective to 

obstructive hydrocephalus of intraventricular hemorrhage 

than EVD only, and found by statistics that EVD combined 

with ELD can significantly shortened removal time than 

separate EVD. 

In this series, 2 cases met an infection of non-ventricular 

system, and ultimately death, but no one of infections in 

ventricular system. So we believe that attention to aseptic 

technique intraoperative and extubation time of EVD can 

effectively avoid the incidence of intracranial infection. 

Sykora et al [12] found that irritating injuries in patients can 

regulate the body's ability to strengthen fight infection; at the 

same time, infection in stroke cases were main in indwelling 

time of catheter and lung infections, rather than intracranial 

infection. 

5. Conclusion 

Acute obstructive hydrocephalus need be timely detected, 

and can be treated by the use of EVD which can effectively 

alleviate the condition, and gain time for further treatment. To 

the cases of intraventricular hemorrhage, EVD combined with 

urokinase to dissolve hemorrhage clot can get a very good 

therapeutic effect. Aseptic technique intraoperative and EVD 

timely removed postoperative can effectively prevent 

intracranial infection. 
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Abbreviation List 

External Ventricle Drainage (EVD) 

Lumbar puncture external drainage (LED, ELD) 

Computed Tomography (CT) 
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