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Objective  This article discusses the causes, primary pathologies, management, 
and prognosis of patients who did not have hydrocephalus in preoperative stage, 
underwent definitive surgical procedure, and developed postoperative hydrocephalus 
requiring cerebrospinal fluid (CSF) diversion procedures.
Methods  Retrospective data collection was done from operation theatre (OT) 
department database and patient records were obtained for the patients after, related 
literature was searched, all possible risk factors were analyzed, and our results were 
compared with other studies.
Results  A total of 80 cases were found eligible for the study. Decompressive craniec-
tomy was the most common cause followed by aneurysmal subarachnoid hemorrhage 
(SAH), intraventricular, and cerebellopontine angle (CPA) tumors. Rate of postsurgical 
hydrocephalus was 15 to 16%. Cases of decompressive craniectomy presented late, only 
few cases required diversion procedures during the immediate postop period, mostly 
aneurysm cases and tumors bed bleed. Out of total 6 mortalities, none of them were 
directly attributable to hydrocephalus. Since most patient presented after initial sta-
bilization, permanent ventriculoperitoneal shunting was found to be the best option.
Conclusion  Cases of decompression surgery should be under vigilant follow-up 
after discharge and even after cranioplasty for risk of development of hydrocephalus 
and requirement of permanent shunting. Cases with intraventricular hemorrhage or 
SAH should be considered as future candidate with risk of developing hydrocephalus. 
Lamina terminalis opening whenever possible results in favorable outcome in cases 
of anterior circulation aneurysms. CSF protein analysis in cases of intraventricular and 
CPA tumors should be done whenever possible, preferably routinely.
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Introduction
Hydrocephalus is one of the most common pathologies in neu-
rosurgical practice. Not a disease entity in itself, it represents 
the disturbed equilibrium between the production, flow, and 
absorption of cerebrospinal fluid (CSF) along the ventricular 
system. It presents with signs of raised intracranial pressure 

(ICP), with or without associated features of primary pathol-
ogy. It is traditionally classified as obstructive or nonobstruc-
tive; communicating or noncommunicating; acute, subacute, 
and chronic; and primary or secondary.

Hydrocephalus is treated by internal or external diversion 
of CSF (with management of primary pathology as and when 
indicated), which may be temporary or permanent diversion.
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Till date various causes of hydrocephalus have been enu-
merated in the literature, but we find very few mention of 
hydrocephalus occurring after surgery.

As we recognized in our operated cases, where hydro-
cephalus was not present before surgery, but developed 
hydrocephalus after surgery, that is, postoperative hydro-
cephalus, either during admission or in the follow-up period, 
finally requiring CSF diversion procedures, temporary or 
permanent, it prompted us to search the literature, data, and 
perform this study.

We could not find any study of this type including all the 
primary neurosurgical pathologies that required postop CSF 
diversion procedure, but similar studies including specific 
neurosurgical pathologies were found to guide our study.

Objectives
	¾ To discuss the cause, primary pathologies, management, 
and prognosis of patients who underwent unanticipated 
CSF diversion procedures postop, operated primarily for 
neurosurgical pathology not associated with hydrocepha-
lus in the preop stage.
	¾ To identify possible risk factors for development of postop 
hydrocephalus and anticipation for timely intervention.

Materials and Methods
The study was conducted in the Department Of Neurosurgery, 
Sri Venkateswara Institute of Medical Sciences (SVIMS), 
Tirupati, Andhra Pradesh, India. Patients who underwent their 
primary surgery from 2010 to 2019, in whom there was no 
hydrocephalus in preoperative stage, but developed hydro-
cephalus in postoperative stage, were included in the study.

Retrospective data was collected for all patients who 
developed postoperative hydrocephalus from OT data-
base and further details from Medical Record Section and 
Radiology database.

Hydrocephalus was defined either on clinical and/or 
radiological basis:

1.	 Evans’ ratio > 0.3.
2.	 Temporal horn width > 2 mm.
3.	 Clinical signs of raised ICP.

Those patients who underwent CSF diversion procedure 
in the postoperative period, their preoperative and postop-
erative scans were compared. Only those patients in whom 
hydrocephalus was not found to be present in the preoper-
ative imaging (either computed tomography [CT]/magnetic 
resonance imaging scan) were included in the study (►Fig. 1).

Related literature with keywords—”post-operative hydro-
cephalus,” “post-surgical hydrocephalus,” “hydrocephalus 
developing after surgery”—was searched on online journal 
portals; all possible neurosurgical pathologies which fea-
tured in the search were noted.

A list of pathologies were made in sequential order as 
per their respective percentage in our study, then further 
pathology-specific search was made, for example, “post-op-
erative hydrocephalus after decompressive craniectomy,” 

“post-op hydrocephalus after traumatic brain injury,” 
post-operative hydrocephalus after sub-arachnoid hemor-
rhage,” “post-operative hydrocephalus in vestibular schwan-
noma,” etc.

Based on the results of relevant searched journals various 
risk factors weather related to patient factor, disease factor, 
and/or surgery were noted for each disease, all possible sim-
ilar data (if available) was retrieved from our patients, and 
compared with those of other studies.

Rate of postop hydrocephalus was calculated for each dis-
ease category and compared with other similar studies, all 
possible risk factors were enlisted, and those with significant 
association in our study were marked in bold letters; other 
possible risk factors which could not be confirmed from 
our study were mentioned in normal pattern (without bold 
mark) (►Table 1).

Management Protocol
After confirmation of hydrocephalus developing in the post-
operative stage, decision for intervention for CSF diversion 
and the method of CSF diversion to be used was taken by the 
senior most operating consultant.

External ventricular drain (EVD) was used as a treatment 
modality only in acute stages, it was kept for a maximum of 
5 days under prophylactic antibiotic coverage and intermittent 
drainage of CSF. If the patient improved during this period, the 
EVD was clamped, repeat CT was done after 24 hours, and if 
patient remained asymptomatic and hydrocephalus subsided 
on CT scan, EVD was removed; if the patient did not improve 
in 5 days or was suspected to require drainage for more than 
5 days, or became symptomatic after clamping EVD, then EVD 
was converted to ventriculoperitoneal (VP) shunt or endo-
scopic third ventriculostomy (ETV). In none of the cases, EVD 
was used out of acute stage (i.e., after 3 days of surgery). Until 
and unless contraindicated (absolute or relative), right (non-
dominant side) Kocher’s point was used for EVD.

ETV was used in selected cases who developed hydro-
cephalus in the subacute stage, all of them belonging to post-
operative cases of intraventricular tumors (except one case 
of thalamic tumor postsurgery) to have the benefit of second 
look also. Similar to EVD, until and unless contraindicated 

Fig. 1  Methodology for patient selection for the study.
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(absolute or relative), right (nondominant side) Kocher’s 
point was used for ETV, with single burr hole.

In the remaining cases, VP shunt was used for CSF 
diversion, side and site decided based on individual scans, 
preferably from the nondominant right side, or side of 
maximum ventricular dilatation in asymmetrical or uni-
lateral hydrocephalus, or opposite to the side of surgery 
for primary pathology. Ventricular entry point used was 
primarily Frasier’s point, Kocher’s point was used only if 
the patient already underwent EVD/ETV via that point for 
revision shunting or if specifically indicated for the patient. 

In three patients after decompressive craniectomy for 
traumatic brain injury and one patient after decompres-
sive craniectomy for stroke, VP shunt was done together 
with cranioplasty. One patient of decompressive craniec-
tomy for traumatic brain injury underwent VP shunt after 
cranioplasty.

All cases were operated under general anesthesia, postsur-
gery CT scan was done at 6 hours after surgery (or more if the 
patient could not be extubated, but not more than 24 hours).

All surviving patients were discharged in hemodynami-
cally and neurologically stable condition.

Table 1   Risk factors for postoperative hydrocephalus (disease specific)

Traumatic brain injury Aneurysmal SAH

Younger age (< 40 y)
Raised ICP
Severe brain injury with poor GCS (< 8)
IVH/SAH
SDH >> Contusion > EDH
Postop meningitis/intracranial infection
Craniectomy distance from midline (< 2.5 cm)
Craniectomy size (> 162 cm2)
Postop hygroma
Time to cranioplasty (> 30 d)

IVH
SAH
Poor admission status - Glasgow Coma Scale and HUNT and HESS 
scale
Location of ruptured aneurysm
Age ≥ 60
Lamina terminalis opening
Rehemorrhage
Sex
Clipping vs. Coiling
Meningitis

Stroke Intraventricular tumors/Colloid cyst

Preop GCS
Territory involved (ICA > MCA > ACA/PCA)
Hemorrhage / infarct / CSVT
Age
Craniectomy distance from midline (< 2.5 cm)
Craniectomy size (> 162 cm2)
Postop hygroma
Time to cranioplasty (> 30 d)
Unilateral atrophic changes
Comorbidities (?hypertension)

Tumor histology
Proteinaceous content of tumor
Chemical meningitis
Intraop bleed
Stenosis/Edema at foramen of Monro
Approach (transcortical/transcallosal/endoscopic)
Extent of resection (partial/near-total/total)

CPA tumors Posterior fossa tumors

Average tumor size
CSF protein content
Postop tumor bed bleed
Brain retraction
Duration of surgery
Side
Inhomogenous surface with polycystic tumor
Meningitis
Approach
Use of drill

Age (children > adults)
Tumor bed bleed
Brain retraction
Location (median > paramedian > lateral)
Tumor size
Histology
Extent of resection
Meningitis

Pituitary and parasellar tumors Miscellaneous/Others

Tumor bed bleed
Location and extension
Tumor size
Extent of resection
Arachnoid breach
Age
Functioning vs. nonfunctioning
Intraop and postop CSF leak
Endoscopic vs. open
Meningitis

Nature of tumor (dermoid/epidermoid)
Tumors with high protein content
Location near CSF pathways
Subarachnoid seepage of blood
Periventricular postoperative gliosis
Craniotomies crossing midline with possible damage to venous 
sinuses
Meningitis
Intraventricular bleed
Tumor bed bleed
Postradiation therapy
Recurrence of tumor
Postsurgical major infarcts

Abbreviations: ACA, anterior cerebral artery; EDH, extradural hematoma; CPA, cerebellopontine angle; CSF, cerebrospinal fluid; CSVT, cerebral 
sinovenous thrombosis; GCS, Glasgow Coma Scale; ICA, internal carotid artery; ICP, intracranial pressure; IVH, intraventricular hemorrhage; MCA, 
middle cerebral artery; PCA, posterior cerebral artery; SAH, subarachnoid hemorrhage.
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All the patients were followed up at least one visit after 
discharge within 3 months.

Data was collected, arranged, and segregated in Excel.

Results
Out of total 512 patients who underwent CSF diversion pro-
cedure, either temporary or permanent, 96 patients under-
went CSF diversion procedures, out of which 16 patients 
were found to have hydrocephalus in the preoperative scans 
also and hence were excluded, remaining 80 patients were 
included in the study (►Fig. 1), accounting for 15.63% of total 
CSF diversion procedures (►Fig.  2). In other cases, hydro-
cephalus was present at presentation, and underwent EVD, 
ETV, or VP shunt surgery f/b definitive surgery (if indicated).

Out of 80 cases who developed postop hydrocephalus, 
most cases (18; 22.50%) were those who underwent decom-
pressive craniectomy for traumatic brain injury, either for 
subdural hematoma (SDH), contusion, or raised ICP refrac-
tory to medical management, f/b spontaneous subarachnoid 
cases due to ruptured aneurysms (13; 16.25%), f/b decom-
pressive craniectomy for stroke (10; 12.50%), either hemor-
rhagic or infarct, f/b intraventricular tumors including colloid 
cysts (9; 11.25%), cerebellopontine (CP) angle (CPA) tumors 
(8; 10%), and posterior fossa tumors (6; 7.5%). Thalamic 
tumors, pineal region tumors, pituitary tumors, and parasel-
lar tumors had 3 (3.75%) cases each. Miscellaneous group 
(4; 5%) consisted of temporal base meningioma, petroclival 
meningioma, interhemispheric epidermoid, and periventric-
ular arteriovenous malformation (►Figs. 3 and 4).

In our study, male (M) were twice as common as female 
(F) (M = 52, F = 28), but in proportion to the number of pri-
mary cases, male predominance could be attributed to trau-
matic brain injury constituting the maximum number.

Most of the cases (38) developed hydrocephalus after 
21 days of surgery (chronic), f/b 27 cases between 3 days to 
3 weeks (subacute), and f/b 15 cases within 3 days of surgery 
(acute) (►Fig. 5). This accounted for overall average duration 
of developing hydrocephalus of 57.81 days, which was more 
for decompressive craniectomy cases either for traumatic 
brain injury or stroke (68.58 days) and lesser for aneurysm 
clipping cases (12.62 days), and 53.19 days for other diseases 
combined together.

The most common modality selected for CSF diversion 
was VP shunt (64), f/b EVD in 11 cases and ETV in 5 cases.

Outcome
Eight (10%) out of 80 patients who underwent CSF diversion 
procedures via any of these three modalities required redi-
version of CSF, 3 EVD converted to VP shunt, 3 primary shunt 
failure required reshunting, one ETV required VP shunt, and 
in one case EVD was converted to ETV (►Fig. 6).

Six patients (7.5%) died in due course of treatment after 
CSF diversion procedure, 2 patients had meningitis and 
were started on broad spectrum antibiotics, 1 patient had 

Fig. 2  Total cerebrospinal fluid (CSF) diversion procedures and num-
ber and percentage of postop hydrocephalus.

Fig. 3  Various neurosurgical pathology which resulted in postop 
hydrocephalus.

Fig. 4  Percentage wise representation of various neurosurgical 
pathology which resulted in postop hydrocephalus.

Fig. 5  Acuteness of postop hydrocephalus.
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persistent vegetative state after tumor bed bleed and did not 
improved even after VP shunt, in the remaining 3 patients 
it was not directly related to hydrocephalus and was due to 
primary pathology with high surgical risk.

Remaining 74 patient’s record suggested that all of them 
followed up for at least one visit within 3 months of discharge 
after CSF diversion procedure. Sixty-seven patients were 
independent for self-care and usual activities, 2 patients 
required some assistance for work, 3 patients required assis-
tance for self-care, and 2 patients were unable to walk and 
required regular nursing care.

Discussion
Based on the results, we found that some of the risk factors 
were common and should be prevented as much as possi-
ble as per standard treatment protocols to reduce the risk of 
postoperative hydrocephalus, for example, meningitis, pro-
longed and excessive brain retraction, extent of resection, 
postoperative surgical site bleed, etc.; some risk factor(s) 
were disease and approach specific.

Postoperative hydrocephalus after decompressive cra-
niectomy was mostly subacute or chronic due to the gradual 
alteration of CSF autoregulation mechanisms, whereas those 
occurring after aneurysmal subarachnoid hemorrhage (SAH) 
surgery were mostly acute because the primary insult (SAH/
intraventricular hemorrhage [IVH]) has already occurred and 
the chain of events has started by the time patient under-
went definitive occlusion of surgery.

Traumatic Brain Injury1-8

Rate of postop hydrocephalus in cases of traumatic brain 
injury who underwent decompressive craniectomy in our 
study was 6%, which was comparable to most other studies 
(6–14%) (►Fig. 7).

Average age of patients who underwent surgery for postop 
hydrocephalus in our study was 39.77 years which was also 
comparable to other studies (31–37.77 years), but less than 
control population who did not developed hydrocephalus, 

showing that younger age was a risk factor for the develop-
ment of postoperative hydrocephalus, may be due to more 
number of young patients surviving the acute insult to 
develop delayed hydrocephalus later on.

Average Glasgow Coma Scale (GCS) at presentation was 
6.4 in our study, which was comparable to other studies, 
common being < 8 in all studies (►Fig. 8).

Note that 88.8% cases were found to have SAH in the preop 
scans, in other studies it ranged from 52.8 to 96% (►Fig. 9).

Of the 18 traumatic brain injury cases, 12 cases were hav-
ing SDH, 3 cases were having contusion, 2 cases having both, 
and 1 case having extradural hematoma associated with SDH, 
pointing that SDH was a risk factor among primary traumatic 
insult.

Severity of injury which related to poor GCS and raised 
average ICP before surgery than the control ones, clearly 
demonstrated a positive association for development of post-
operative hydrocephalus.

Among our 18 patients, SAH was present in 10 patients, 
IVH in 1 patient, and 2 patients had both SAH and IVH.

We perform craniectomy with average distance of 1 inch 
from midline as an institute protocol, and we could not 
find any mention of exact distance from midline in indi-
vidual cases as in some studies taking 2.5 cm as cutoff for 
development of postop hydrocephalus, with inconclusive 
and conflicting reports. The extent of arachnoid granula-
tion tissue and tributaries of midline venous sinuses varies 

Fig. 6  Number and percentage of cerebrospinal fluid (CSF) rediver-
sion procedure.

Fig. 7  Rate of postop hydrocephalus in decompressive craniectomy 
for traumatic brain injury.

Fig. 8  Average Glasgow Coma Scale (GCS) at presentation of patients 
who developed postop hydrocephalus after decompressive craniec-
tomy for traumatic brain injury.
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from individual to individual, hence defining a landmark 
distance from midline for decompressive craniectomy may 
not stand universal for all patients, although a distance of 
2.5 cm is been used, and preferably a craniectomy with 
medial margin less than 2.5 cm should be avoided in all 
cases. Craniectomy size varied from individual to individual 
tailored according to the exact site of pathology (frontal/
temporal/parietal), and it was not found to be a risk fac-
tor in our study, but the extent of craniectomy must ensure 
that the brain is well relaxed and should not just pop-out 
of the craniectomy defect, wherever required, adequately 
placed radial dural cuts may be placed. Although some 
studies mentioned early cranioplasty to be less associated 
with postoperative hydrocephalus, it was not so in our 
study. Postop hygroma was associated in some cases with 
hydrocephalus, but we found it to be separate entity with 
overlapping risk factors and were not itself a risk factor for 
postop hydrocephalus.

Pathophysiology: (1) Acute severe traumatic brain injury 
results in disturbed autoregulation of vascular dynamics due 
to direct injury to blood vessels, associated SAH may cause 
localized vasospasm, and raised ICP causes direct compression 
over the vessels. (2) CSF dynamics and autoregulation in the 
acute phase is disturbed by compression of cisterns, intra-
ventricular bleeds, SAH, and disruption of arachnoid granu-
lations. (3) Decompressive craniectomy causes reduction of 
acutely raised ICP which may prevent life-threatening brain 
herniations, but at the cost of disturbing the pressure volume 
dynamics of CSF autoregulation. This may be the most suitable 
reason to explain the development of postoperative hygroma 
and hydrocephalus ex vacuo on the side of decompressive 
craniectomy. (4) Injury to arachnoid granulation tissue on the 
medial aspect of craniectomy and insufficient (small) craniec-
tomy which in fact causes a part of injured and edematous 
brain to pop out rather than relax adds more to the already 
disturbed autoregulation of CSF. (5) Moreover, greater risk of 
infection and meningitis (clinical/subclinical) has been always 
there in view of emergency surgery, presence of blood clots, 
and subnormal nutrition and a catabolic state.

Aneurysmal SAH9-18

Rate of postoperative hydrocephalus in aneurysmal SAH 
patients was 3.33% in our study, which was less than that 
reported in other studies except one, which we attribute to 
routine opening of lamina terminalis in all of the anterior cir-
culation aneurysm cases in our study (►Fig. 10). Opening of 
lamina terminalis provides an easy escape for CSF and oppor-
tunity to the brain to develop compensatory mechanism for 
CSF autoregulation.

Patients who developed postop hydrocephalus were hav-
ing slightly higher average age (62.2 vs. 58.7 years), higher 
Fischer grade (Grade II and IV) (►Fig.  11), and poor HUNT 
and HESS score (Grade IV, III, and V) (►Fig. 12). A higher age 
as risk factor indicates the aging autoregulation mechanisms 
with increasing age, whereas poor HUNT and HESS score and 
higher Fischer grade indicates the severity of the acute insult 
to the brain and global hypofunction.

Posterior circulation aneurysm were having higher per-
centage of postop hydrocephalus than anterior circulation, 
this may be due to delayed presentation, greater operative 
time, more association with IVH, relatively higher incidence 
of low-grade meningitis, CSF leak, and pseudomeningocele, 
causing disturbed CSF regulation (►Fig. 13).

We cannot comment on clipping versus coiling in our 
study as we do not have endovascular neurosurgery set-up 
at our institute.

Pathophysiology: (1) SAH-induced vasospasm not only 
cause local but global disturbance in vascular autoreg-
ulation and cerebral metabolism which indirectly leads 
to disturbances in CSF autoregulation, and hence it cor-
relates with poor HUNT and HESS score at presentation 
and higher Fischer grades. (2) Intraventricular bleed pre-
disposes for hydrocephalus by obvious means, mechanical 
obstruction in acute stages and decreased absorption from 
arachnoid surface in later stages. (3) Posterior circulation 
aneurysms due to their propensity for delayed presenta-
tion with more neck pain and less severe headache bleed 
directly into infratentorial cisterns and need for larger or 
complex craniotomies/craniectomies with prolonged sur-
gery and retraction predispose for development of postop-
erative hydrocephalus.

Fig. 9  Percentage of traumatic brain injury patients having sub-
arachnoid hemorrhage (SAH) who developed postop hydrocephalus 
after decompressive craniectomy for traumatic brain injury.

Fig. 10  Rate of postop hydrocephalus in aneurysmal subarachnoid 
hemorrhage (SAH).
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Stroke19-23

The rate of postoperative hydrocephalus in decompres-
sive craniectomy for stroke patients was 5.71% in our 
study, which was far less than all other studies (14.6–44%) 
(►Fig. 14).

Poor GCS before surgery and greater infarct area (or vol-
ume) were associated with higher risk of development of 
postoperative hydrocephalus; internal carotid artery terri-
tory infarct was most common, f/b middle cerebral artery 

territory and anterior cerebral artery territory infarct, poste-
rior cerebral artery territory infarct was the least commonly 
associated, probably because posterior suboccipital craniec-
tomy was least supposed to disturb the CSF autoregulation. 
Infarct was more commonly associated than hemorrhagic 
stroke (clot evacuation leads to better reduction of raised 
ICP and return to near normal physiology) and cerebral sino-
venous thrombosis (due to lower prevalence and less acute 
presentation).

Pathophysiology: Similar to traumatic brain injury, stroke 
causes an acute rise in ICP, leading to a deranged autoregula-
tory mechanism of CSF and blood. The brain on the patholog-
ical side shrinks in due course of time, leading to traction on 
the opposite hemisphere. Risk factors related to decompres-
sive craniectomy in postoperative stage remains the same as 
that of those for traumatic brain injury.

Intraventricular Tumors/Colloid Cyst24-30

The rate of postoperative hydrocephalus in intraventricular 
tumor (including colloid cyst) excision patients was 10.41% 
in our study, which was similar to two other studies (Radoi 
et al and Lee et al), but Alam et al reported a rate of 28.57% 
(►Fig.  15). While choosing an endoscopic transforaminal 
approach, the adequacy of the foramen of Monro to the size 
of endoscope should be matched and the trajectory should be 
chosen to avoid excessive mechanical pressure injury at the 
foramen of Monro. To avoid spillage of tumor contents, any 
cystic content should be aspirated adequately, and to prevent 
blood spillage copious saline irrigation or dry field method 
should be adapted to achieve meticulous hemostasis.

Pathophysiology: Edema at the foramen of Monro or resul-
tant scarring after transforaminal approach may result in 
acute mechanical obstruction, chemical meningitis, which 
most probably is supposed to result from tumor degradation 
products or proteinaceous contents of tumor released during 
excision of tumor, mechanical blockage of CSF pathway from 
tumor tissue and blood clot, amount of residual tumor after 
surgery, postoperative changes, and gliosis leading to unilat-
eral traction over ventricle from side of surgical approach. 
Open and endoscopic approaches have their own merits and 
demerits in causation for postoperative hydrocephalus, and 
weather one is better than other cannot be concluded.

Fig. 11  Comparison of Fischer grade in different studies that devel-
oped postop hydrocephalus after surgery for aneurysmal subarach-
noid hemorrhage (SAH).

Fig. 12  Comparison of HUNT and HESS grade in different studies 
of patients who developed postop hydrocephalus after surgery for 
aneurysmal subarachnoid hemorrhage (SAH).

Fig. 13  Comparison of anterior versus posterior circulation aneu-
rysms involved in different studies that developed postop hydro-
cephalus after surgery for aneurysmal subarachnoid hemorrhage 
(SAH) (*Nam et al and Chang et al, ICA aneurysm is representative of 
all anterior circulation aneurysm in their study).

Fig. 14  Rate of postop hydrocephalus after decompressive craniec-
tomy for stroke.
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CPA Tumors31-36

The rate of postoperative hydrocephalus after surgery for the 
CP tumors was 5.38% in our study, which was comparable 
to other studies. In studies using Gamma knife surgery for 
vestibular schwannoma, rate of post-operative hydrocephalus 
ranged from 4-24% (►Fig. 16). It is uncommon for larger tumors 
to present without associated hydrocephalus (especially in 
Indian population), but among those who do present without 
associated hydrocephalus, larger and firm tumors signify lon-
ger duration of surgery, greater difficulty in excision, prolonged 
retraction, and higher chances of leaving residual tumor and 
surgical site hematoma, all of which increases the risk of post-
operative hydrocephalus. Choice of approach and use of high-
speed drill has been suspected but not proven as cause of risk 
factors for postoperative hydrocephalus. Epidermoid tumors at 
CPA (and at other locations also) are supposed to cause chemi-
cal meningitis and result in postoperative hydrocephalus.

Pathophysiology: Nonobstructive hydrocephalus has been 
proven beyond doubt and is attributed to high protein con-
tent in the CSF, supposed to be released from the tumor itself 
which hampers CSF absorption. Higher average CSF protein 
levels have been found in vestibular schwannomas as com-
pared with normal controls. Obstructive cause is most com-
monly due to surgical site hematoma, residual tumor, and 
prolonged retraction.

Posterior Fossa Tumors37-41

The rate of postoperative hydrocephalus in posterior fossa 
tumors was 3.47% in our study, which was far less as com-
pared with other studies (►Fig. 17), which may be because 
we face most patients with posterior fossa tumors with 
hydrocephalus at presentation and prefer to do a VP shunt 
for prior stabilization and plan definitive surgery at a later 
date. Children are more prone than adults for development 
for postoperative hydrocephalus due to a greater incidence 
of posterior fossa tumors in children, greater incidence 

of midline located tumors (than paramedian and lateral 
location) which in itself are a risk factor, and less well 
developed compensatory mechanisms. Need for radiation 
therapy after surgery may also predispose. Other factors 
like larger size of tumor, prolonged surgery duration, pro-
longed retraction, and surgical site bleed are obvious risk 
factors.

Pathophysiology: Direct mechanical compression at the 
level of fourth ventricle, either by residual tumor or surgi-
cal site hematoma, edematous brain tissue, and spillage 
of blood into the ventricles may all lead to postoperative 
hydrocephalus.

Pituitary and Parasellar Tumors42-46

	¾ The rate of postoperative hydrocephalus after surgery for 
sellar and parasellar tumors (including pituitary tumors) 
was 3.07% in our study, which was comparable to other 
studies (0.8–8%) (►Fig. 18). Tumor size, extent of tumor 
with extension into the floor of third ventricles and 
beyond, amount of residual tumor, surgical site hema-
toma, and breach of arachnoid with spilling of blood in the 

Fig. 15  Rate of postop hydrocephalus after surgery for intraventric-
ular tumors.

Fig. 16  Rate of postop hydrocephalus after surgery for 
cerebellopontine angle (CPA) tumors (vestibular schwannoma).

Fig. 17  Rate of postop hydrocephalus after surgery for posterior 
fossa tumors.
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subarachnoid space were noted as probable risk factors in 
different studies.
Pathophysiology: Postoperative hydrocephalus develop-

ing after surgery for sellar and parasellar tumors is more of 
obstructive type, with compression at the level of the third 

ventricle floor. Blood seeping in subarachnoid spaces and 
cisternal spaces causes late-onset reduction in absorption 
of CSF.

Illustrative scans of some of our study cases have been 
shown in ►Fig. 19–22.

Conclusion
	¾ Rate of postoperative hydrocephalus was 15.63%.
	¾Decompressive craniectomy for traumatic brain injury 
(and stroke) was the most common condition associated 
with postop hydrocephalus, f/b surgery for aneurysms, 
intraventricular and CPA tumors.
	¾ Cases of decompressive craniectomy presented late, more 
than 30 days, only few cases required diversion proce-
dures during immediate postop period, mostly aneurysm 
cases and tumors with tumor bed bleed.
	¾Out of total 6 mortalities, none of them were directly 
attributable to hydrocephalus, but 2 patients had menin-
gitis leading to death.

Fig. 18  Rate of postop hydrocephalus after surgery for sellar/
parasellar tumors.

Fig. 19  (A and C) Preop computed tomography (CT) scans of traumatic brain injury patient with left frontotemporoparietal (FTP) acute sub-
dural hematoma (SDH). (B and D) Postop CT scans of respective patients.

Fig. 20  (A and B) Preop magnetic resonance imaging (MRI) of a patient of B/L vestibular schwannoma. (C and D) Postop computed tomogra-
phy (CT) scans of the patients after excision of right vestibular schwannoma.

Fig. 21  (A) Preop magnetic resonance imaging (MRI) scan of a case of central neurocytoma, (B) postop MRI scan of the patient, (C) preop 
computed tomography (CT) scan of a patient with colloid cyst, and (D) postop CT scan of the patient.
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	¾ Since most patient presented after initial stabilization, 
permanent VP shunting was found to be the best option.
	¾ Cases of decompression surgery should be under vigilant 
follow-up after discharge and even after cranioplasty for 
risk of development of hydrocephalus and requirement of 
permanent shunting.
	¾ Cases with IVH or SAH should be considered as future 
candidate with risk of developing hydrocephalus.
	¾ Lamina terminalis opening whenever possible results 
in favorable outcome in cases of anterior circulation 
aneurysms.
	¾ CSF protein analysis in cases of intraventricular and CPA 
tumors should be done whenever possible, preferably 
routinely.
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