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INTRODUCTION

Hydrocephalous is a serious condition which 
has diverse range of causes and affect all groups. In 
various clinical series it has been noted to occur from 
30% to 70% of children with posterior fossa tumours 
(PFTs).1,2There is a considerable debate whether 
cerebrospinal fluid (CSF) diversion be performed 
pre-resection, post-resection or intraoperative simul-
taneously.3,4,5However, strictly randomised data is 
lacking and studies show a variable results for CSF 
diversion in pre-resection as well as post-resection 
groups. Various studies have also compared the role 
of extent of tumour resection, histopathology of the 
tumour, neurologic status at presentation and various 
other factors.3,6,7,8,9Following research into the factors 
predicting postoperative resolution or progression of 

hydrocephalous the Canadian Preoperative Predictive 
Rule for Hydrocephalous (CPPRH) was developed.3,10,11

Over the last two decades the prognostic role of 
intraoperative usage of external ventricular drainage 
(EVD) has been validated and its significance described 
in these children.2,5,12More recently ventriculoperitoneal 
(VP) shunt and endoscopic third ventriculostomy (ETV) 
have been studied and their role validated in pre- and 
post-operative hydrocephalous in children with poste-
rior fossa tumours.1,4,13,14,15,16 Variable results have been 
reported in all the studies with respect to progression 
or resolution of hydrocephalous.4,17,18

EVD as a means of temporarily diverting the 
CSF in PFT resected patients, has been rejected by 
several authors due to the high incidence of infective 
complications.2,7,12 Similarly VP shunt and ETV also has 
its demerits.13,14,15Clinical effectiveness and practice of 
a particular procedure for bypassing the CSF in these 
patients will continuously be evaluated unless data 
from randomised trials are available which proves the 
effectiveness of one procedure over another. 

We studied the prognostic significance of CSF 
diversion procedures in both pre-resection and post-re-
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section groups with the aim of evaluating the superiority 
of the former procedure over the later. We believed 
that if pre- or post-resection timing is proved to be of 
significance will change the clinical practice as well as 
result in better patient outcomes and less complications.

METHODS

The study was conducted in a prospective man-
ner at the Department of Neurosurgery Hayatabad 
Medical Complex (HMC)Peshawar from January 2013 
to December 2014.Approval of this research study 
from ethical committee of the hospital was obtained. 
Paediatric patients presenting with the diagnosis of 
posterior fossa tumours were included after informed 
consent of the parents/guardians. Detailed history and 
physical examination of patients were performed and 
data was recorded on pre designed pro forma. The 
primary diagnosis and concomitant hydrocephalous 
was confirmed on imaging studies.

Those patients who had significant hydrocepha-
lous were listed for pre-resection VP shunt or ETV while 
others were listed for earlier resection of the tumour. 
Postoperative course was followed and complications 
were recorded. Those patients who developed clinically 
symptomatic hydrocephalous were listed for either VP 
shunt or ETV and they were also followed postoperative-
ly. Three main outcome variables were defined, namely; 
postoperative complications, Glasgow outcome score 
(GOS) at discharge to one month postoperatively and 
early postresection mortality. The CSF diversion was 
stratified into pre- or post-resection while the outcome 
in GOS was stratified as either favourable (GOS 4,5) or 
unfavourable (GOS 1,2,3).

Demographic variables, clinical features, histo-
pathological diagnoses, preresection or postresection 
shunt or ETV frequencies, complications, GOS and mor-
tality were calculated. Chi square test was performed for 
the clinical variables and outcome parameters and their 
significance noted. Odds ratios (OR) were calculated 
for the cohort of patients with pre-resection CSF diver-
sion and their outcome in terms of GOS and mortality. 
Similarly bivariate analysis was performed for pre- and 
post-resection CSF diversion versus outcome in terms 
of GOS and mortality and their significance noted.

Data analysis was done using SPSS v 20.0. The 
data was displayed using graphs and charts. A p-value 
equal to or less than 0.05 was considered significant in 
all statistical tests. 

RESULTS

A total of 25 patients were included with 7 (28%) 
males and 18 (72%) females. (Table 2) The mean age 
was found to be 6.6 years ± 2.6 SD. The mean GCS on 
admission was found to be 13.4 ± 2.1 SD. The mean 
GOS on discharge was 3.2 ± 1.2 SD while mean GOS 
at 1 month postoperatively was 3.8 ± 1.5 SD. (Table 1)

Clinical features were found as follows; headache 
in 18 (72%), Vomiting in 21 (84%), fits in 3 (12%), cranial 
nerves dysfunction in 8 (32%), nystagmus in 11 (44%) 
while focal deficits were found in 3 (12%) of patients. The 
frequencies of histopathologically confirmed tumours 
was as follows; Medulloblastoma 10 (40%), Ependy-
moma 6 (24%), Pilocytic astrocytoma 4 (16%) while 1 
(4%) case each of Haemangioblastoma, Tuberculoma, 
Brainstem glioma, Choroid papilloma and Atypical 
Rhabdoid tumour. (Table 2)

Significant hydrocephalous was present in 22 
(88%) patients with the rest of 3 (12%) developing it 
postoperatively. Pre-resection diversion of CSF was 
done in 18 (72%) while post-resection CSF diversion 
was done in 7 (28%) patients. 14 (56%) patients were 
operated for pre-resection CSF diversion with a VP 
shunt while pre-resection ETV was performed 4 (16%) 
patients. Post-resection VP shunt was done in 3 (12%) 
while post-resection ETV was performed in 2 (8%) of 
patients. (Table 2)

The following complications were found post-
operatively; Progressive neurologic deterioration in 6 
(24%), wound infection in 2 (8%) and CSF leak in 1 
(4%) of patients. (Table 2)

Overall a favourable outcome was recorded in 16 
(64%) patients while in 4 (16%) patients the outcome 
was unfavourable. Overall mortality was 16% (4 cases). 
(Table 2) and (Table 3)

The Chi squared test for pre-resection CSF diver-
sion vs outcome as favourable or unfavourable GOS 
showed a significance (p = 0.021) in terms of lower 
mortality and good functional outcomes. (Table 4) The 
risk estimates produced odds ratios of 0.367 (95% CI 
0.111-1.216) and 3.214 (95% CI 1.203-8.591) for favour-
able and unfavourable outcome groups, respectively. 
(Figure 1) Similarly, the post-resection CSF diversion 
risk estimates showed odds ratio of 2.722 (95% CI .822-
9.011) and .311 (95% CI .116-.832) for favourable and 
unfavourable outcome groups, respectively. (Figure 2)

The bivariate correlation test showed a p value 
of 0.02 for the pre-resection CSF diversion group 
which meant that the pre-resection CSF diversion 
confers more benefit in terms of functional outcome 
and mortality.

DISCUSSION

Posterior fossa tumours comprise the most 
common central nervous system malignancies and 
are frequently associated with gross hydrocephalous.2 
The management of this class of hydrocephalous has 
remained a controversy among the neurosurgical com-
munity.5,10,11 Although all of the neurosurgeons agree 
absolutely as to promptly manage the progressively 
increasing hydrocephalous, the timing of the various 
diversion procedures is a matter of debate and various 
studies have shown variable results.5 Some authors 
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Table 1: Descriptive statistics for quantitative variables

Clinical Variable Minimum Maximum Mean Std. Deviation

Patients’ Age 2 11 6.68 2.641

Admission GCS 7 15 13.44 2.142

GOS on Discharge 1 5 3.24 1.234

GOS at 1 month 
Postop 1 5 3.88 1.509

Table 2: Qualitative Variables & their frequencies

Clinical Variable Frequency (n) Percentage (%)

Gender
Male 7 28%

Female 18 72%

Headache 18 72%

Vomiting 21 84%

Fits 3 12%

Cranial Nerves Dysfunction 8 32%

Ataxia 21 84%

Nystagmus 11 44%

Focal Deficit 3 12%

Histopathological Diagnosis
Medulloblastoma 10 40%

Ependymoma 6 24%

Pilocytic Astrocytoma 4 16%

Haemangioblastoma 1 4%

Tuberculoma 1 4%

Brainstem Glioma 1 4%

Choroid Papilloma 1 4%

Atypical Rhabdoid Tumour 1 4%

Concomitant Hydrocephalous 22 88%

Pre-resection Shunt 14 56%

Post-resection Shunt 3 12%

Pre-resection ETV 4 16%

Post-resection ETV 2 8%

Pre-resection CSF Diversion 18 72%

Post-resection CSF Diversion 7 28%

Complications
Progressive Neurologic Deterioration 6 24%

Wound Infection 2 8%

CSF Leak 1 4%

Outcome
Favourable 16 64%

Unfavourable 9 36%

Mortality 4 16%
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report good outcomes with intraoperative or post-re-
section diversion procedures while others maintain 
that the hydrocephalous should be diverted prior to 
resection of the tumour.17 The proponents of intraop-
erative or post-resection diversion are of the view that 
the hydrocephalous is effectively treated if the tumour 
resection is promptly done as this opens the blocked 
pathways for CSF circulation. However, the authors who 
practice hydrocephalous surgery prior to resection of 
the tumour maintain that hydrocephalous is a rapidly 
life threatening situation and it should managed first. 
Moreover, it is also advised that total resection of the 
tumours is not always possible and there develops 
postoperative oedema which could worsen the situ-
ation for the patients.4,14 Research into this matter will 

continue unless data from randomised trials and large 
cohorts is available.

We conducted this study to see the prognostic 
significance of pre- or post-resection management of 
hydrocephalous and to test which class will have the 
benefit of good functional outcome. Another view in our 
study was from the perspective of the developing coun-
tries where diagnosis is late, operative care sub-optimal, 
resections are frequently subtotal, post-operative care 
is inadequate and follow up is inconsistent.

Our study is not the only one to be conducted 
for assessment of CSF diversion timing in paediatric 
PFTs. Azab et al17 performed study into the clinical 
effectiveness of ETV in paediatric patients with PFTs. 

Table 3: GOS distribution at discharge

GOS Number of cases Percentage

1 4 16.0

2 2 8.0

3 5 20.0

4 12 48.0

5 2 8.0

Table 4: Cross tabulations for Pre-resection CSF diversion vs Outcome

Outcome Groups

Favourable Unfavourable

PreOp CSF Diversion
No

Frequency 2 5

% within PreOp CSF 
Diversion 28.6% 71.4%

Yes

Frequency 14 4

% within PreOp CSF 
Diversion 77.8% 22.2%

Preoperative CSF diversion P-value = 0.021

Figure 1: Pre-resection CSF diversion and Outcome Figure 2: Post-resection CSF diversion vs Outcome
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Mean age in this study was 6 years ± 3.8 SD with a 
majority of male (64.70%) patients contrary to our study. 
The clinical aim and rationale of Azab et al was different 
though, as it was only to assess the effectiveness of ETV 
as presumably there are more complications associated 
with VP shunt and EVD than with ETV. Ependymoma 
was the predominant tumour type in their series while 
mean follow up period was 13.9 months. They showed 
that ETV performed before performing resection of the 
tumour was successful in 88.2% cases. Azab et al noted 
headache in 64.7%, vomiting 64.7%, nystagmus 64.7%, 
cranial nerve dysfunction 52.9%, ataxia 41.1% and focal 
deficits in 11.7% of patients. The distribution of clinical 
features was also closely related to our series.

Steinbok et al18 has noted a 33.33% CSF related 
complications such as pseudomeningocele and CSF 
leaks while noting that CSF diversion has little or no 
association to the occurrence of these complications. 
This finding was similar to our study as we did not find 
an association between pre- or post-resection CSF 
diversion procedure and incidence of complications. 
In our study however, complications related to general 
neurologic deterioration were more prominent, though 
statistically non-significant.

El Beltagy19 et al has assessed the use of pre-re-
section ETV versus VP shunt and found a significant 
resolution of hydrocephalous for the ETV group in 
65% of patients. However, the success of ETV in these 
patients was dependent upon the histopathological 
nature of the tumour with 100% success in glioma, 
50% in ependymoma and 47.6% in medulloblastoma. 
The ETV in their series failed to completely resolve 
hydrocephalous in 35% of patients. In our series, 

however, due to the short term follow up we could not 
assess the success or failure of either procedure in 
either subset of patients. We, however, successfully 
demonstrated that management of hydrocephalous 
prior to resection do confer positive results in terms of 
postoperative functional recovery and mortality. Bhatia 
et al20 has reported a success rate of 87.1% in terms of 
improved symptomatology for pre-resection ETV and 
a high association of significant hydrocephalous with 
increased complications. The same study has conclud-
ed that pre-resectional CSF diversion is of more benefit 
in resolving the symptoms and improving outcome as 
compared to post-resection VP shunt or ETV. These 
conclusions are in positive agreement to our study 
where bivariate correlation have shown a significant 
(p = 0.02) association between pre-resection CSF 
diversion and good functional outcome. (Figure 1 & 2)

The limitations of our study are the lower number 
of patients. It prevents definitive conclusions to be made 
with certainty. Another limitation is the shorter duration 
of only one month post-operative success of CSF diver-
sion. The neurologic consequences needs to be studied 
for longer duration in order to fully elucidate the results.

CONCLUSION

Management of hydrocephalous associated with 
posterior fossa tumours in children is a long term con-
troversy. Our study is a preliminary attempt at proving 
the good prognostic role of pre-resection CSF diversion. 
Studies with longer duration of follow up and larger 
number of patients are required to further elucidate the 
above impression.
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