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Background and Aim: Hydrocephalus is a common complication of intraventricular brain tumors. 
The present study was conducted to determine demographic and clinical features and type of 
hydrocephalus in patients with intraventricular brain tumors before and after surgical interventions.

Methods and Materials/Patients: The present cross-sectional study was conducted on 102 
patients with intraventricular brain tumors as candidates for tumor surgeries. The presence of 
hydrocephalus before and after the surgery, External Ventricular Drainage (EVD) insertion and 
other characteristics such as the tumorlocation, location, pathology, demographic characteristics 
of the patients, and the management of hydrocephalus were analyzed.

Results: Hydrocephalus was observed in 81 (79.4%) out of the 102 patients before undergoing 
the surgery and in 41 (59.8%) after the surgery. No significant differences were observed among 
the patients in terms of the tumor pathology location and demographic characteristics. Although 
hydrocephalus was not significantly different among the patients by individual characteristics, 
the tumor location and pathology, the incidence of hydrocephalus was significantly different 
between before and after the surgery based on features such as colloid cyst, medulloblastoma 
and ependymoma as well as the tumor location.

Conclusion: The present findings suggested features such as the tumor pathology and location 
affected the subsequent hydrocephalic survival both before and after the operation. In case these 
findings are confirmed, they can help predict the therapeutic measures required for preventing 
and treating postoperative hydrocephalus, including ventriculoperitoneal shunt and EVD insertion.
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1. Introduction

s fearsome diseases, brain tumors [1], es-
pecially malignant ones, annually afflict 
about 10-15 in every 100,000 individuals. 
These tumors include primary brain tu-
mors and secondary or metastatic brain 

tumors caused by systemic malignancies [2]. With an 
annual incidence of 6 per 100,000, gliomas are the most 
prevalent primary brain tumors arising from the glial tis-
sue [2]. Moreover, intraventricular tumors are benign or 
malignant lesions emerging as intra-axial or extra-axial 
tumors originating from ventricles or adjacent ventri-
cles [3]. Intraventricular tumors account for below 1% of 
intracranial lesions, most of which are benign and slow 
growing [4]. Primary intraventricular tumors originate 
from ventricles and secondary intraventricular tumors 
from the structures surrounding ventricles and invade 
them [4]. The widely-varying symptoms of intracere-
bral-ventricular tumors are caused by the blockage of 
the csf pathway or pressure on adjacent structures [4].

Hydrocephalus disrupts the formation and flow or 
absorption of cerebrospinal fluid, and increases the 

volume occupied by this fluid in the central nervous 
system. Acute hydrocephalus can develop in a matter 
of days or weeks, and the chronic type within months 
or years. Furthermore, complications such as brain at-
rophy and local degenerative damage can abnormally 
increase cerebrospinal fluid in the central nervous sys-
tem [1], which increases the intracranial pressure. This 
complication can also be associated with increased re-
sistance to the cerebrospinal fluid flow and increased 
venous sinus pressure.

 The trans-ventricular absorption of cerebrospinal 
fluid and absorption through the channels of nerve 
roots constitute the compensatory mechanisms. The 
temporal and frontal branches are first symmetrically 
enlarged, which causes the corpus callosum to rise, 
stretch and break in the septum pellucidum, thin the 
brain coating and enlarge the third ventricle downward 
into the pituitary cavity [1]. The fluid is then absorbed 
by the other channels and exits the skull through the 
intravenous system of the brain’s surface.

Abnormal accumulation of cerebrospinal fluid can 
cause the blockage of the extraction channel of cere-
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Hydrocephalus is a common complication of intraventricular brain tumors. The present study was conducted to 
determine the demographic and clinical features and type of hydrocephalus in patients with intraventricular brain tu-
mors before and after surgical interventions. The present study was conducted on 102 patients with intraventricular 
brain tumors as candidates for tumor surgeries. The presence of hydrocephalus before and after the surgery, External 
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characteristics of the patients, and the management of hydrocephalus were analyzed. Hydrocephalus was observed 
in 81 out of the 102 patients before undergoing the surgery and in 41 after the surgery. Although hydrocephalus was 
not significantly different among the patients by individual characteristics, the tumor location and pathology, the 
incidence of hydrocephalus was significantly different between before and after the surgery. The present findings sug-
gested features such as the tumor pathology and location affected the subsequent hydrocephalic survival both before 
and after the surgery. In case these findings are confirmed, they can help predict the therapeutic measures required 
for preventing and treating postoperative hydrocephalus, including ventriculoperitoneal shunt and EVD insertion.
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brospinal fluid, blockage of the cerebrospinal fluid path-
way around the brain and obstruction of the absorption 
channels of cerebrospinal fluid [1]. It is worth noting 
that increased intraventricular pressure enlarges them 
and causes the emergence of hydrocephalic symptoms 
[5]. Moreover, the tumor presence in the ventricle can 
increase the intraventricular pressure and develop hy-
drocephalus. Given the high incidence of brain tumors, 
hydrocephalic symptoms should be monitored through 
imaging to rule out intraventricular tumors [6]. Hydro-
cephalus in intraventricular tumors has been addressed 
in literature; nevertheless, no comprehensive studies 
have yet been conducted to investigate the prevalence 
of hydrocephalus by pathology before and after surger-
ies in patients with intraventricular tumors or to evalu-
ate and manage hydrocephalic treatments.

 The present study was therefore conducted to deter-
mine demographic and clinical features and type of hy-
drocephalus therapeutic interventions before and after 
surgeries in patients with intraventricular tumors.

2. Methods and Materials/Patients

The present cross-sectional study was conducted on a 
population comprising patients with brain tumors, who 
had undergone surgeries in Al-Zahra Hospital, Kashani 
Hospital and Imam Hossein Hospital in Isfahan, Iran in 
2013-2018. The eligible candidates comprised patients 
with intraventricular tumors undergoing surgeries with-
out a history of surgery, chemotherapy and radiother-
apy and consenting to participation in the study. The 
exclusion criteria consisted of failure to follow-up after 
the operation, death of the patient during or after the 
operation and prior to evaluate hemorrhagic or hydro-
cephalus effects.

The sample size required for estimating the incidence 
of hydrocephalus in intraventricular tumors was calcu-
lated as 102 with a confidence interval of 95% and a test 
power of 80%. Given a lack of similar studies, the hydro-
cephalus prevalence was considered 0.5 in the patients 
undergoing the extraction of brain tumors, and an ac-
ceptable error threshold of 0.1 was included.

The present study was approved by the Ethics Committee 
of Isfahan University of Medical Sciences, Isfahan, Iran. A 
total of 102 patients whose intraventricular tumors had 
been diagnosed by MRI and had undergone a surgery in 
2013-18 were selected and included in the study. All the 
patients underwent an open surgery or endoscopy of in-
traventricular tumors after their admission.

The patients with acute hydrocephalus who experi-
enced a sudden decrease in acute consciousness ur-
gently underwent EVD insertion and resection of the 
tumor in the fourth ventricle. The patients with abrupt 
acute hydrocephalus and acute hydrocephalus and 
lateral or third ventricular tumors underwent a tumor 
resection surgery or, if possible, a tumor discharge and 
EVD insertion under appropriate conditions. The other 
patients with intraventricular tumors and a GCS score 
of 15 underwent a tumor-discharge surgery and an EVD 
in case of increased intracranial pressure or severe hy-
drocephalus. After controlling edema and inflammation 
in the patients requiring an EVD, the EVD clamp was 
heightened. If their condition remained stable, the EVD 
was removed. A shunt was applied in case of EVD de-
pendence and no reductions in the ventricular size. 

The other patients with no EVD were carefully moni-
tored from the beginning at the ICU, and in cases of hav-
ing a low level of consciousness or hydrocephalus, they 
underwent EVD insertion and, if necessary, shunt inser-
tion. CT scans of all the patients performed in the morn-
ing after the surgery showed no acute nerve symptoms, 
and their ventricular size was compared with their pre-
operative one. Depending on the patient’s condition, a 
CT scan was performed one day to one month after the 
surgery to compare the postoperative with the preop-
erative ventricular size.

Some of the patients also serially underwent a CT 
scan. The bicaudate ratio was used to determine the 
hydrocephalus level. In case of decreases in the level of 
consciousness or acute nerve symptoms, brain CT scans 
were immediately performed to obtain the pathologic 
outcomes of the patients. After undergoing the surgery, 
the patients were asked to submit the results of their 
preoperative MRI and postoperative CT scan to be in-
cluded in the study. The data were analysed in SPSS-25 
using the Chi-square test, the t-test and the Mann-Whit-
ney U test.

3. Results

The present study was conducted on 102 patients, 
including 64 (62.7%) males and 38 (37.3%) females, 
with a mean age of 28.9±2.23 years. The tumor lay in 
the third ventricle in 47.1% (n=48) of the patients, the 
fourth ventricle in 33.3% (n=34), the lateral ventricle 
in 13.7% (n=14), the third and fourth ventricles in 2% 
(n=2) and lateral and third ventricles in 3.9% (n=4). The 
obtained pathologic results suggested that colloid cysts 
in 28 cases, moduloblastoma in 14 and grade 2 epen-
dymoma in 11 were the most prevalent types of the 
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tumor. Comparing the results of the tumor pathology 
by age and gender according to Figure 1 showed that 
GBM, meningium and SEGA were more prevalent in the 
women than in the men, choroid plexus papilloma was 
as prevalent in the men as in the women and the preva-
lence of the remaining cases was higher in the men. Sig-
nificant tumor-related pathological abnormalities were 
also observed in both genders (P=0.26). Moreover, the 
tumor pathology was significant in terms of age in a way 
that ATRT and meningioma were the most prevalent in 
the youngest and oldest of the patients, respectively 
(P<0.001) (Figure 2). 

Evaluating the tumor pathology and location also 
found colloidal cyst with a prevalence of 28 (100%) to 
be the most prevalent tumor in the third ventricle, me-

dulloblastoma with a prevalence of 11 (78.6%) to be the 
most prevalent tumor in the fourth ventricle and astro-
cytoma with a prevalence of 3 (100%) to be the most 
prevalent in the lateral ventricles. The tumor pathol-
ogy was significantly different in terms of its location 
(P<0.001) (Figure 3).

Comparing the results of the 102 patients showed 
preoperative hydrocephalus in 81 (79.4%) patients, 41 
(40.2%) of whom received a shunt. Hydrocephalus was 
observed in 35.3% (n=36) of the patients before and af-
ter the surgery, whereas it was not diagnosed in 15.7% 
(n=16) before the operation. Only postoperative, rather 
than preoperative, hydrocephalus was diagnosed in 
4.9% (n=5) of the patients, whereas preoperative, rath-

Figure 1. The frequency distribution of pathologic findings by gender

Figure 2. The mean age of the patients by the tumor pathology
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Figure 3. The frequency distribution of pathologic findings by the tumor location

Table 1. The frequency distribution of preoperative and postoperative hydrocephalus by the patients’ characteristics

Variable

Preoperative hydrocephalus Postoperative hydrocephalus 

No. (%)
P

No. (%)
P

Yes No Yes No

Age (y) Mean±SD 26.8±23.2 36.8±17.9 0.07 28.1±25.9 29.4±20.1 0.78

Gender
Male 52 (81.3) 12 (18.7)

0.55
23 (35.9) 41 (64.1)

0.26
Female 29 (76.3) 9 (2.7) 18 (47.4) 20 (52.6)

Tumor loca-
tion

Third ventricle 35 (72.9) 13 (27.1)

0.32

15 (31.3) 33 (68.8)

0.17

Fourth ventricle 30 (88.2) 4 (11.8) 14 (41.2) 20 (58.8)

Third and fourth ven-
tricles 2 (100) 0 (0) 2 (100) 0 (0)

Lateral ventricle 10 (71.4) 4 (28.6) 8 (57.1) 6 (52.9)

Third and lateral ven-
tricles 4 (100) 0 (0) 2 (50) 2 (50)

Pathology

Arachnoid cyst 6 (100) 0 (0)

0.2

3 (50) 3 (50)

0.2

Colloid cyst 17 (60.7) 11 (39.3) 8 (28.6) 20 (71.4)

PCA 8 (88.9) 1 (11.1) 5 (55.6) 4 (44.4)

Medulloblastoma 13 (92.9) 1 (7.1) 5 (35.7) 9 (64.3)

ATRT 2 (100) 0 (0) 1 (50) 1 (50)

GBM 3 (100) 0 (0) 3 (100) 0 (0)

Craniopharyngioma 4 (80) 1 (20) 1 (20) 4 (80)

Grade 2 central neuro-
cytoma 4 (80) 1 (20) 1 (20) 4 (80)

Meningioma 4 (100) 0 (0) 1 (25) 3 (75)

Grade 2 astrocytoma 1 (33.3) 2 (66.7) 2 (66.7) 1 (33.3)

Grade 2 ependymoma 10 (90.9) 1 (9.1) 3 (27.3) 8 (72.7)

Grade 4 ependymoma 2 (100) 0 (0) 2 (100) 0 (0)
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er than postoperative, hydrocephalus was diagnosed in 
44.1% (n=45) of the patients.

Table 1 presents the frequency distribution of hydro-
cephalus before and after the surgery by age, gender, 
tumor location and tumor pathology. According to table 
1 and the t-test results, despite the higher mean age of 
the patients with hydrocephalus, no significant differ-
ences were observed between the patients with and 
without hydrocephalus either before or after the sur-
gery (P=0.78). 

The prevalence of preoperative hydrocephalus was 
81.3% in the men and 76.3% in the women (P=0.55), 
and that of postoperative hydrocephalus was 35.9% in 
the men and 47.4% in the women (P=0.26), suggesting 
no significant differences between the two genders. In 
terms of the tumor location, the prevalence of preoper-
ative hydrocephalus was higher in the third and fourth 

ventricles and the third and lateral ventricles, although 
the difference was insignificant (P=0.32). In terms of the 
operative site, the third and fourth ventricles were the 
most prevalent sites of the tumor, although post-opera-
tive hydrocephalus was not significantly and statistically 
associated with the tumor location (P=0.17).

Preoperative hydrocephalus was pathologically ob-
served in all the cases of arachnoid cysts, ATRT, GBM, 
meningium, grade 4 ependymoma and teratoma 
(P=0.2). Postoperative hydrocephalus was also reported 
in all the cases of GBM, grade 4 ependymoma and tera-
toma (P=0.2). The tumor pathology, however, did not 
show any significant differences in the incidence of hy-
drocephalus between before and after the surgery.

An EVD was used to improve hydrocephalus in 19 
(18.6%) cases before the surgery and 71 (69.6%) af-
terwards. A total of 23.5% of the patients with hydro-

Table 2. The frequency distribution of EVD use and shunt insertion in the patients with and without hydrocephalus

Variable

Preoperative Hydrocephalus

PNo. (%)

Yes No

Preoperative EVD 
Yes 19 (23.5) 0 (0)

0.014
No 62 (76.5) 21 (100)

Postoperative EVD 
Yes 65 (80.2) 6 (28.6)

<0.001
No 16 (16.8) 15 (71.4)

Shunt insertion
Yes 36 (44.4) 5 (23.8)

0.86
No 45 (55.6) 16 (76.2)

Table 3. The frequency distribution of EVD and shunt insertion by the tumor location

Variable

No. (%)

PThird Ven-
tricle

Fourth Ven-
tricle Lateral Ventricle

Third and Fourth 
Lateral Ven-

tricles

Third and Lat-
eral Ventricles

Preoperative 
EVD 

Yes 10 (20.8) 6 (17.6) 0 (0) 29 (100) 1 (25)
0.016

No 38 (79.2) 28 (82.4) 14 (100) 0 (0) 3 (75)

Postoperative 
EVD 

Yes 26 (54.2) 29 (85.3) 10 (71.4) 2 (100) 4 (100)
0.017

No 22 (45.8) 5 (14.7) 4 (28.6) 0 (0) 0 (0)

Shunt inser-
tion

Yes 15 (31.3) 14 (41.2) 8 (57.1) 2 (100) 2 (50)
0.17

No 33 (68.8) 20 (58.8) 6 (42.9) 0 (0) 2 (50)

Abrishamkar S, et al. Demographic and Clinical Characteristics and Type of Hydrocephalus Before and After Surgical Interventions. Iran J Neurosurg. 2019; 5(1):21-30.



27

January 2019, Vol 5, Issue 1, No 16

cephalus received an EVD, and significant differences 
were observed in the use of EVD before the operation 
(P=0.014).  The frequency of EVD in operation was also 
80.2% in the patients with hydrocephalus and 28.6% in 
those without hydrocephalus. Moreover, statistically-
significant relationships were found between the use of 
postoperative EVD and the absence of preoperative hy-
drocephalus (P<0.001). Out of the 102 patients under-
going the surgery, 41 (40.2%) were treated with a shunt. 
The frequency of shunt insertion was 44.4% in the pa-
tients with hydrocephalus and 23.8% in those without 
hydrocephalus, suggesting no significant differences 
in shunt insertion between the two groups (P>0.066). 
Table 2 presents the frequency distribution of EVD use 
and shunt insertion in the patients with and without hy-
drocephalus. 

According to Table 3, the frequency of EVD was 20.8% 
in third ventricular tumors, 17.6% in fourth ventricular 
tumors, 100% in third and fourth ventricular tumors and 
25% in third and lateral ventricular tumors, and the pre-
operative use of EVD was significantly different by the 

tumor location (0.016). The frequency of EVD usage was 
also significantly different by the tumor location, with 
54.2% in third ventricular tumors, 85.3% in fourth ven-
tricular tumors, 71.4% in lateral ventricular tumors and 
100% in third ventricular tumors plus fourth ventricle 
and third+lateral ventricles (P=0.017). No significant dif-
ferences were also observed in shunt insertion by the 
tumor location (P=0.17).

According to Table 4 and the tumor pathology, no sig-
nificant differences were observed in the distribution of 
EVD between before and after the operation.

4. Discussion

As a serious complication in patients with intraventric-
ular tumors, hydrocephalus can exacerbate the disease 
symptoms, and cause death if not treated in a timely 
manner. Preventing hydrocephalus in patients undergo-
ing a cerebral surgery is therefore considered a priority 
in postoperative care. Despite the importance of this 
complication, no comprehensive studies have yet been 

Table 4. The frequency distribution of EVD and shunt insertion based on the tumor pathology 

Pathology
No. (%)

Preoperative EVD Postoperative EVD Shunt

Arachnoid cyst 0 (0) 4 (66.7) 3 (50)

Colloid cyst 8 (28.6) 14 (50) 8 (28.6)

PCA 0 (0) 7 (77.8) 5 (55.6)

Medulloblastoma 3 (21.4) 12 (85.7) 5 (35.7)

ATRT 1 (50) 2 (100) 1 (50)

Craniopharyngioma 1 (20) 2 (40) 1 (20)

Grade 2 central neurocytoma 0 (0) 3 (60) 1 (20)

Meningioma 0 (0) 3 (75) 1 (25)

Grade 2 astrocytoma 1 (33.3) 1 (33.3) 2 (66.7)

Grade 2 ependymoma 2 (18.2) 10 (90.9) 3 (27.3)

Grade 4 ependymoma 2 (100) 2 (100) 2 (100)

SEGA 0 (0) 3 (100) 2 (66.7)

Teratoma 1 (50) 2 (100) 2 (100)

Others 0 (0) 3 (100) 2 (66.7)

P 0.17 0.059 0.16
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conducted in Iran on the incidence of hydrocephalus 
and the demographic and clinical features of the pa-
tients. The present study was conducted to determine 
demographic and clinical features and type of hydro-
cephalus therapeutic interventions before and after the 
surgery in patients with intraventricular brain tumors.

The present findings suggested that colloid cyst, me-
dulloblastoma and grade 2 ependymoma were the 
most prevalent tumor in the patients with intraven-
tricular tumors. In 2018, Pereira et al. also found colloid 
cysts to be the most prevalent intraventricular tumors 
[7]. The incidence and prevalence of these tumors have 
significantly increased in recent years due to different 
causes, including the increased risk factors for brain 
tumors, increased exposure to risk factors, advances in 
diagnostic and therapeutic facilities and new classifica-
tions of brain tumors [8]. 

Investigating demographic characteristics found below 10 
years with a frequency of 31.4% to be the most prevalent 
age in the patients with intraventricular tumors. These tu-
mors were also observed in over 60% of the males. More-
over, June et al. found the prevalence of intraventricular 
tumors to be higher in younger ages, the mean age of the 
patients to be 36 years and over two thirds of them to be 
male [9]. According to the results of the present study, the 
tumor pathology was not significantly different between 
the men and women, although it was significantly differ-
ent among the different age groups. Contro et al. found 
the tumor pathology to be significantly different among 
the age groups of the patients, and the patients with SEGA 
and ATRT to be the youngest [10], which is consistent with 
the present study.

Investigating the tumor location and its associations 
with demographic characteristics found the third ventri-
cle with a frequency of 47.1% to be the most prevalent 
site of intraventricular tumors. Furthermore, the tumor 
pathology was significantly related to the tumor loca-
tion in a way that all the colloidal cysts lay in the third 
ventricle and 78.6% of the medulloblastomas lay in the 
fourth ventricle. Waldron et al. reported significant as-
sociations between the type and location of the tumor 
[8]. They found the prevalence of hydrocephalus to be 
79.4% in the patients undergoing intraventricular tumor 
surgeries.

 A hydrocephalic estimation in 2016 by Peyellow et al. 
showed that shunt insertion was more prevalent in pa-
tients younger than two years old, moderate-to-severe 
preoperative hydrocephalus, brain metastases and pa-
thology of medulloblastoma and ependymoma com-

pared to that in other cases [11]. In addition, a study by 
Guive et al. in 2014 on the endoscopic treatment of 53 
patients with third-ventricle non-hydrocephalic colloid 
cysts found only two patients to require treatments for 
post-operative hydrocephalus [12]. A study conducted 
by Jay Talin et al. in 2015 on evaluating and treating 
hydrocephalus in children with posterior fossa tumors 
reported young age, preoperative hydrocephalus, me-
tastasis, middle-line tumors, tumor pathology, subtotal 
tumor resection and EVD use in continuous post-opera-
tive hydrocephalic outbreaks [13].

A study conducted by Symss et al. in India in 2011 on 
78 patients with colloid cysts found the prevalence of 
preoperative hydrocephalus to be 83.4%, which is con-
sistent with the present research, although they found 
shunt insertion to be eventually required in four of the 
patients, which is less than the corresponding figure in 
the present study [14]. A study conducted by Cotton et 
al. in 2002 on 105 patients with colloid cysts reported 
shunt insertion requirements in 23 of the patients, 
which is consistent with the shunt insertion require-
ments in the present study [15]. The difference in the 
incidence of shunt insertion can be explained by the dif-
ferences in the surgical technique used, the amount of 
surgical manipulation and intraoperative bleeding and 
the ability to completely remove colloid cysts without 
tearing the content of the cyst into the ventricle. 

Using interhemispheric approaches and younger ages 
were found correlated with postoperative hydrocepha-
lus [8], although it was not confirmed in the majority 
of similar studies. Furthermore, Philippe Kapley et al. 
reported different degrees of hydrocephalus in 29 pa-
tients with intraventricular tumors. They found that 
ventriculocystotomy alone was associated low success 
rates, and that it can eliminate the need for a shunt in 
the following 5 years in 83% of the cases if it is used in 
combination with endoscopic cisternotomy [9].

 The present study found all the intra-cerebroventric-
ular arachnoid cases to be hydrocephalus prior to the 
surgery, and half of the patients to need shunt insertion 
after the surgery. It is worth noting the open type of the 
surgical technique used and only performing the resec-
tion of the walls of the cysts. A study conducted by Ei-
tan et al. in 2016 found 18% of patients diagnosed with 
intraventricular ependymoma in the fourth ventricle 
to need shunt insertion after the tumor resection [10], 
whereas the present study found this figure to be 27.3% 
in grade 2 ependymoma and 100% in grade 4.

Abrishamkar S, et al. Demographic and Clinical Characteristics and Type of Hydrocephalus Before and After Surgical Interventions. Iran J Neurosurg. 2019; 5(1):21-30.

https://www.ncbi.nlm.nih.gov/pubmed/19035705
https://doi.org/10.3171/FOC.2008.25.12.E8
https://doi.org/10.1016/j.jocn.2008.10.003
https://doi.org/10.3171/FOC.2008.25.12.E8
https://doi.org/10.3171/FOC.2008.25.12.E8
https://doi.org/10.1016/j.jocn.2008.10.003


29

January 2019, Vol 5, Issue 1, No 16

5. Conclusion

Some features, including the pathology and location of 
the tumor, appeared effective in the subsequent hydro-
cephalic survival both before and after the operation. 
If these findings are confirmed and given these factors, 
therapeutic measures such as EVD and shunt insertion 
can be considered for preventing and treating postop-
erative hydrocephalus. Given the limitations of the pres-
ent study, including a small sample, further research is 
recommended that be conducted using larger samples.
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