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HydrocepHalus is an unfortunate “side effect” of 
cerebral hemispherectomy; its reported incidence 
ranged from 9% to 81%.5–7,14,19,21 Based on con-

cepts from developing de novo hydrocephalus, 3 pos-
sible causes of posthemispherectomy hydrocephalus may 
be the following: 1) blood and protein exuded from re-
sidual brain tissue could obstruct CSF absorption at the 
arachnoid granulations; 2) surgery could induce inflam-
matory processes that interfere with CSF absorption; 
and 3) disconnection of different brain areas from each 
another could have a deleterious effect on postoperative 
CSF flow dynamics.8,13,16,20 Previous studies, including 

a recent multicenter collaborative project involving dif-
ferent hemispherectomy techniques, have identified type 
of procedure and previous operations as factors associ-
ated with developing posthemispherectomy hydrocepha-
lus.6,14,15 However, these reports were unable to clearly 
identify possible links with clinical variables that might 
suggest mechanisms for developing hydrocephalus after 
a particular hemispherectomy procedure.

The aim of the present study was to determine if clini-
cal variables of epilepsy, such as etiology, and postsurgery 
variables, such as maximum daily temperature (Tmax), 
along with blood and CSF studies were associated with 
developing hydrocephalus after cerebral hemispherectomy, 
with the goal of identifying possible clinical mechanisms. 
Given prior findings, we concentrated on a single, first-
time resection-disconnection hemispherectomy operation 
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Object. The authors sought to determine if clinical epilepsy variables, maximum daily temperature (Tmax), 
and blood and CSF findings were associated with the risk of developing hydrocephalus after first-time resection-
disconnection hemispherectomy.

Methods. Patients who underwent cerebral hemispherectomy in whom a standardized perioperative protocol 
was used, including the use of ventriculostomies (n = 79), were classified into those who developed and those who did 
not develop hydrocephalus requiring CSF shunts. The authors compared these 2 groups for clinical variables, Tmax, 
and blood and CSF studies through postoperative Day 12.

Results. In this cohort, 30% of the patients required CSF shunts, of which 8% developed late hydrocephalus 
up to 3 years posthemispherectomy. Multivariate analysis found that etiology was associated with developing post-
hemispherectomy hydrocephalus. Higher shunt rates were observed for patients with hemimegalencephaly (40%; n 
= 15) and a history of CNS infection (100%; n = 4) compared with cortical dysplasia (17%; n = 23) and Rasmussen 
encephalitis (17%; n = 12). In univariate analysis, other factors associated with developing hydrocephalus were 
elevated maximum daily temperatures, elevated white blood cell counts, decreased CSF protein, and increased CSF 
red blood cell counts.

Conclusions. The findings of the study indicate that etiology was the factor most strongly associated with de-
veloping posthemispherectomy hydrocephalus. These findings suggest that there are variable mechanisms for devel-
oping hydrocephalus after cerebral hemispherectomy depending on the procedure, and in resection-disconnection 
operations the mechanism may involve changes in CSF bulk flow that varies by histopathology.
(http://thejns.org/doi/abs/10.3171/2013.8.PEDS13212)
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using a standardized perioperative protocol including use 
of ventriculostomy catheters to control for prior surgeries 
and operative techniques.12,15 Based on clinical experience, 
we hypothesized that etiology would be the most impor-
tant factor associated with developing posthemispherec-
tomy hydrocephalus requiring CSF shunts when using our 
resection-disconnection procedure.

Methods
Standard Protocol Approvals, Registrations, and Patient 
Consent

This study was approved by the institutional re-
view board at the University of California, Los Angeles 
(UCLA), and since enactment of HIPAA (Health Insur-
ance Portability and Accountability Act), patients and 
families have signed research informed consent and au-
thorization forms. This study was not a clinical trial, and 
it is not registered in any public registry.

Study Population
This was a retrospective review of consecutive cere-

bral hemispherectomy cases at UCLA’s Pediatric Epilepsy 
Program from 2004 to 2012. Electronic medical records 
(n = 95) were searched for clinical information including 
pediatric ICU, nursing notes, and blood and CSF labo-
ratory data. Cases were excluded from the study if the 
patients had undergone a previous hemispherectomy and 
were undergoing repeat procedures (n = 8) and if their 
first operation was lobar or multilobar resection and this 
was being converting to a cerebral hemispherectomy (n 
= 8). The remaining 79 patients, whose procedures were 
first-time operations, constituted the study population.

All operations were performed by a single surgeon 
(G.W.M.), using a standardized cerebral hemispherec-
tomy technique involving resection-disconnection and 
perioperative protocol pertaining to ventriculostomy and 
shunts.6,12 Ventriculostomy catheters were placed in the 
operating room prior to closure of the dura and were not 
changed after the hemispherectomy. Samples of CSF, 
beginning on the 2nd postoperative day, were obtained 
daily from the closed loop ventriculostomy system and 
sent for cell analysis, culture, and chemistry studies. Ven-
triculostomy catheters were removed if an overnight test 
clamp did not result in intracranial pressures greater than 
18 cm H2O. In cases in which the test failed on 2 sepa-
rate night trials, a ventriculoperitoneal shunt was placed. 
Test clamps were performed when, over the preceding 24 
hours, CSF output was less than 75 ml at 5 cm of H2O 
and CSF protein was less than 500 mg/dl. Antibiotics 
were continued until 24 hours after external ventriculos-
tomy drains were removed or ventriculoperitoneal shunt 
placed. Dexamethasone (1 mg/kg up to 10 mg) was given 
preoperatively and tapered over 4–5 days. The blood sup-
ply to the choroid plexus was not interrupted during the 
operation, and use of large volumes of hemostatic agents 
was discouraged when using our hemispherectomy tech-
nique.15

Other components of the perioperative protocol were 
designed to reduce infections, as previously described.17 

Antibiotic agents (cefazolin or, for allergic patients, 
clindamycin or vancomycin) were administered intrave-
nously prior to skin incision and were continued post-
operatively as noted above. In the operating room, Foley 
catheters and arterial and central lines (triple lumen; sub-
clavian, jugular, or groin) were placed using sterile tech-
nique after induction of anesthesia. After surgery, blood 
samples were generally drawn daily and as necessary 
(usually for elevated temperatures) from the central line 
and sent for culture, routine counts, and chemistry. Foley 
catheters and most peripheral venous and arterial lines 
were discontinued within 48 hours of surgery. Central ve-
nous lines were removed at hospital discharge or changed 
to peripheral venous lines after 2 weeks. Blood, urine, 
and pulmonary samples were sent for bacterial culture in 
patients experiencing fevers (temperature ≥ 38.5°C). The 
day of surgery was defined as Day 0.

Clinical Data 
The presurgical clinical protocols and evaluation 

process, as well as methods describing collection of clini-
cal epilepsy variables, postsurgery seizure outcome, and 
complications, have been previously detailed.9,10 Seizure 
etiology categories, which were based on MRI and histo-
pathological features, include the following: hemimegalen-
cephaly in which 3 of 4 lobes were larger than expected;18 
hemispheric or multilobar cortical dysplasia; perinatal ce-
rebral ischemia/infarction (stroke); Rasmussen encephali-
tis; history of mostly unilateral CNS infection (3 cases of 
herpes simplex virus and 1 case of prior bacterial encepha-
litis); Sturge-Weber syndrome; and other (2 cases of exten-
sive tumors [1 dysembryoplastic neuroepithelial tumor and 
1 ganglioglioma]), history of cerebral trauma (n = 2), and 
deep thalamic damage and seizures after a prior ventricu-
lar endoscopic procedure (n = 1).6 

Additional information gathered for this study in-
cluded maximum daily temperature (Tmax), blood white 
blood cell (WBC) count and differential, CSF laboratory 
results, and incidence and location of positive bacterial 
cultures for the first 12 days posthemispherectomy.17 As 
stated, a fever was defined as temperature of 38.5°C or 
higher, documented at least once on a given day. An el-
evated blood WBC count was defined as greater than 
15,000 cells/μl.

Study Design and Statistical Analysis
Patients were retrospectively classified into those 

who developed and those who did not develop hydro-
cephalus requiring CSF shunts. These groups were com-
pared for differences in clinical epilepsy variables, Tmax, 
and blood and CSF counts and chemistries; the statisti-
cal program StatView 5 (SAS Institute, Inc.) was used.3 
Statistical tests included repeated-measures ANOVA and 
chi-square when appropriate. All tests were 2-tailed and 
the threshold for significance was set a priori at p < 0.05.

Results
Cohort Description and Clinical Comparisons

In this cerebral hemispherectomy cohort from 2004 
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to 2012, 24 (30%) of 79 patients developed hydrocephalus 
requiring CSF shunts. All but 2 patients were successful-
ly weaned from the perioperative ventricular catheter in 
the first 2 weeks after surgery; these 2 patients (8%; both 
hemimegalencephaly cases) had developed late-onset hy-
drocephalus 1 and 3 years after surgery (Fig. 1). For com-
parison, the rate of CSF shunt placement in our patients 
from 1998 to the end of 2003 was 31% (20 of 64 patients) 
using the same operative technique. All except 3 patients 
had a single VP shunt without revision, and the other 3 
have had 2, 3, and 8 revisions, respectively, to date. One of 
these 3 patients with multiple shunt revisions developed 
a shunt infection, and the other cases have had proximal 
and distal obstructions. Comparison of clinical epilepsy 
variables except seizure etiology showed no differences 
in those who required shunts compared with those that 
did not (Table 1). By etiology, higher shunt rates were ob-
served for those with hemimegalencephaly (40%; n = 15) 
and a prior history of CNS infection (100%; n = 4) com-
pared with cortical dysplasia (17%; n = 23) and Rasmus-
sen encephalitis (17%; n = 12).

Maximum Daily Temperature and Blood and CSF Studies
In univariate analyses, differences were identified for 

Tmax as well as for blood and CSF studies in patients 
with and without shunts placed after cerebral hemispher-
ectomy (Table 1; Fig. 2). For Tmax, repeated-measures 
testing over the first 12 days posthemispherectomy 
showed that those in whom CSF shunts were eventually 
required had higher temperatures (Fig. 2A, graph on left 
side). Inspection by individual days showed this was a 
general difference over the first 12 days and trended to-
ward significance only on postsurgery Day 8 (Fig. 2A, 
graph on right side). For blood WBC counts, repeated-

measures ANOVA showed that patients receiving shunts 
had higher counts (Fig. 2B, graph on left side) that trend-
ed toward significance from postsurgery Day 10 to 12. 
Results indicated that patients with shunts had lower CSF 
protein levels (Fig. 2C, graph on left side) that trended 
toward significance on postsurgery Days 7 and 9 (Fig. 
2C, graph on right side). For CSF red blood cell (RBC) 
counts, repeated-measures ANOVA showed that patients 
with shunts had higher counts (Fig. 2D, left graph) that 
were significant on postsurgery Day 6. In fact, for Days 
6 and 7 posthemispherectomy, patients eventually requir-
ing CSF shunts had higher CSF RBC counts than patients 
not needing shunts (ANOVA, p = 0.0041). For those 2 
days posthemispherectomy, if the CSF RBC count was 
100,000/ml or greater, the sensitivity of requiring a shunt 
was 43% and specificity was 79% with an accuracy of 
67% (Table 2).

Multivariate Analysis
To determine which variables were most strongly as-

sociated with requiring a shunt posthemispherectomy, we 
performed a logistical regression analysis in which eti-
ology, Tmax, blood WBC, CSF protein, and CSF RBC 
counts were independent variables, and shunt versus no-
shunt was the dependent variable. We found that etiology 
(p = 0.0001) was associated with developing posthemi-
spherectomy hydrocephalus, whereas Tmax (p = 0.775), 
blood WBC counts (p = 0.107), CSF protein levels (p = 
0.052), and CSF RBC counts (p = 0.105) were not.

Discussion
In multivariate analysis of patients undergoing first-

time cerebral hemispherectomy that involved a resection-
disconnection technique, we observed that etiology was 
most strongly associated with developing postsurgery 
hydrocephalus requiring CSF shunts. Less strongly asso-
ciated but significant in the univariate analysis in terms 
of developing hydrocephalus were maximum daily tem-
peratures, elevated blood WBC counts, decreased CSF 
protein levels, and increased CSF RBC counts, especially 
on postsurgery Days 6 and 7 (Tables 1 and 2; Fig. 2).

Our findings and results from the literature help to 
define factors associated with the development of post-
hemispherectomy hydrocephalus, and these factors seem 
to depend on the type of operation that is performed. For 
example, in several studies surgeries that involve anatom-
ical and hemidecortication operations that disconnect the 
arachnoid granulations and a history of another neurosur-
gical operation were factors linked with the development 
of hydrocephalus after cerebral hemispherectomy.6,14,15 
Our study extends these findings by showing that, for a 
resection-disconnection procedure, etiology and, to a 
lesser extent, Tmax, and altered blood and CSF studies 
were associated with developing posthemispherectomy 
hydrocephalus. Prior studies may not have been able to 
identify seizure etiology as an important factor because 
they often grouped patients with hemimegalencephaly 
and cortical dysplasia into a single cortical maldevelop-
ment group. Likewise, prior studies did not separate cases 
that involved a history of CNS infection from cases that 

Fig. 1. Example of delayed hydrocephalus after cerebral hemispher-
ectomy. This child underwent right hemispherectomy at age 6 years 
for Type I cortical dysplasia and has remained seizure free since sur-
gery.4 Her MRI studies were stable for the first 2 years postsurgery 
(left). Beginning at the end of the 3rd year posthemispherectomy, the 
patient complained of intermittent headache and some visual problems 
when reading fine print. Repeat MRI 4 years after the hemispherec-
tomy (right) showed enlargement of the third and left lateral ventricles 
(compare arrows in 2-year and 4-year studies). Her clinical symptoms 
subsided spontaneously and MRI has remained stable for another year. 
The patient’s family declined CSF shunting because the clinical symp-
toms resolved and imaging status remained stable.



J. Phung, P. Krogstad, and G. W. Mathern

472                                                                                                                      J Neurosurg: Pediatrics / Volume 12 / November 2013

involved other atrophic etiologies such as perinatal in-
farcts. Based on our findings, we recommend that future 
studies have large enough sample sizes to allow classifi-
cation of patients into appropriate seizure etiology cat-
egories according to different procedures, so as to iden-
tify clinical factors associated with the development of 
posthemispherectomy hydrocephalus.

Our findings also begin to suggest that pathophysi-

ological mechanisms leading posthemispherectomy hy-
drocephalus will vary by procedure and etiology. Larger 
resections that involve obliteration of half of the arach-
noid granulations could lead to hydrocephalus as a result 
of reduced CSF absorption. In the case of resection-dis-
connection procedures, our data support the concept that 
alternate mechanisms may contribute to developing post-
hemispherectomy hydrocephalus involving differences 

TABLE 1: Clinical variables, Tmax, and blood and CSF studies stratified by patients who did and did not require CSF 
shunts for hydrocephalus after cerebral hemispherectomy*

Variable w/ Shunt (n  =  24) w/o Shunt (n = 55) p Value

clinical variables
 seizure onset (yrs) 1.8 ± 2.9 2.0 ± 3.7 0.699
 age at surgery (yrs) 4.6 ± 4.7 5.2 ± 4.4 0.568
 epilepsy duration (yrs) 2.8 ± 3.1 3.2 ± 2.9 0.647
 sex (female) 54% (n = 13) 44% (n = 24) 0.388
 side removed (lt) 58% (n = 14) 47% (n = 26) 0.366
 etiology 0.026
  hemimegalencephaly (n = 15) 40% (n = 6) 60% (n = 9)
  cortical dysplasia (n = 23) 17% (n = 4) 83% (n = 19)
  ischemia/infarct (n = 18) 33% (n = 6) 67% (n = 12)
  Rasmussen encephalitis (n = 12) 17% (n = 2) 83% (n = 10)
  history of infection (n = 4) 100% (n = 4) 0% (n = 0)
  Sturge-Weber (n = 3) 33% (n = 1) 67% (n = 2)
  other (n = 4) 25% (n = 1) 75% (n = 3)
 total complications (n = 17) 21% (n = 5) 21% (n = 12) 0.922
 total infections (n = 14) 21% (n = 5) 16% (n = 9) 0.368
 CNS infections 8% (n = 2) 4% (n = 2) 0.634
 days ventriculostomy 7.7 ± 3.8 7.4 ± 3.0 0.775
 days in hospital 15.7 ± 7.4 13.4 ± 5.3 0.137
 seizure free at last follow-up 83% (n = 20) 83% (n = 45) 0.990
 follow-up duration (yrs) 2.9 ± 1.7 2.2 ± 1.6 0.069
Tmax in °C (repeated-measures) 38.2 ± 0.71 38.1 ± 0.70 0.0029
blood counts (repeated-measures)
 WBC counts × 100 13.2 ± 4.6 12.2 ± 4.0 0.016
 % PMN 59.7 ± 14.6 60.0 ± 17.6 0.983
 % lymphocytes 27.2 ± 12.6 25.4 ± 12.3 0.286
 % monocytes 11.2 ± 5.0 10.9 ± 3.7 0.124
 % eosinophil 1.0 ± 1.3 1.3 ± 1.7 0.261
 % basophils 0.2 ± 0.1 0.2 ± 0.2 0.060
CSF (repeated-measures)
 protein (mg/dl) 540 ± 390 637 ± 417 0.033
 WBC counts per cm3 833 ± 1976 699 ± 2363 0.593
 RBC counts per cm3 98,194 ± 167,842 66,205 ± 138,569 0.049
 RBC/WBC ratio 0.05 ± 0.30 0.03 ± 0.09 0.254
 % PMN 74.9 ± 22.4 75.0 ± 24.9 0.990
 % bands 1.3 ± 0.6 1.3 ± 0.5 0.827
 % lymphocytes 11.6 ± 15.4 12.1 ± 15.5 0.808
 % monocytes 13.2 ± 12.6 14.3 ± 15.7 0.526
 % eosinophil 5.1 ± 8.8 1.7 ± 1.4 0.052

* Mean values are presented ± SD. Significant values (p < 0.05) are indicated in boldface. PMN = polymorphonuclear leukocytes. 



J Neurosurg: Pediatrics / Volume 12 / November 2013

Cerebrospinal fluid shunts after hemispherectomy

473

Fig. 2. Box plots displaying Tmax (A), blood WBC counts (B), CSF protein levels (C), and CSF RBC counts (D) for patients 
with (dark gray bars) and without (light gray bars) shunts. Results of repeated-measures ANOVA are shown for all days presented 
(left) and individual days from 1 to 12 (right). Probability values are shown above each plot with significant values (p < 0.05) 
indicated by boldface and trends (p < 0.07) indicated by underlining.
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in etiology and histopathology. For example, we suggest 
that after resection-disconnection procedures, the residu-
al brain tissue and subarachnoid space appear to be less 
able to absorb and diffuse CSF to the arachnoid granu-
lations in cases of hemimegalencephaly and prior infec-
tions compared with cases of Rasmussen encephalitis. 
Such findings support the concept that CSF flow within 
the brain is probably altered related to the severe cortical 
and white matter disorganization in hemimegalencephaly  
cases rather than changes in brain compliance or due to 
blood and tissue debris since CD cases had lower rates 
of needing shunts despite similar ages at surgery, ven-
tricular size, and expected blood loss during surgery.1,2,11 
Alternately, differences in etiology may contribute to the 
ability of the arachnoid granulations to remain open after 
resection-disconnection hemispherectomy. While acute 
changes in CSF osmolarity reflected by increased CSF 
RBC counts may also contribute to developing hydro-
cephalus, our data suggest that this is a minor association. 
Moreover, in our cohort we found no clear associations 
with changes in CSF WBC counts to indicate involve-
ment of brain inflammation as a likely etiology of hy-
drocephalus. These notions will require confirmation in 
future hypothesis-driven investigations, but the current 
study provides clinical observations that support possible 
pathophysiological mechanisms for development of post-
hemispherectomy hydrocephalus that are strongly associ-
ated with procedure and etiology.

The reader should be aware of the inherent limita-
tions of this study. This was a retrospective study, and 
blood laboratory studies were not performed daily for 
every patient as part of the perioperative protocol. After 
the first few days, blood samples were sent for testing, as 
clinically indicated (usually for elevated temperatures), 
and we estimate that blood work was obtained from 90% 
of patients in the first 3 days postsurgery, and this rate 
declined to about 50% from Day 4 onward. Future pro-
spective studies should include daily blood laboratory 
studies as part of the research design. Daily CSF studies 
from Day 2 onward were a part of the clinical protocol 
and are therefore more reliable. Furthermore, our results 
identified associations between clinical variables and 
laboratory studies in terms of developing hydrocephalus 
after hemispherectomy. We should emphasize that our 
findings reflect associations between etiology and clinical 
variables, not causality. In the case of etiology, for ex-
ample, there are strongly linked covariables, such as age 

at seizure onset and surgery, blood loss during surgery, 
and length of the operation, that could be linked with the 
development of posthemispherectomy hydrocephalus not 
tested for in our research design.6,12 Finally, our results 
are most pertinent for pediatric patients undergoing cere-
bral hemispherectomy for epilepsy surgery. It is unclear if 
similar results would be found for other types of pediatric 
and adult neurosurgical nonepilepsy procedures.

Conclusions
In multivariate analysis, this study found that etiol-

ogy was the clinical factor most closely associated with 
developing posthemispherectomy hydrocephalus when 
our resection-disconnection procedure was performed. 
Weaker associations with hydrocephalus found in uni-
variate analysis included increased maximum daily tem-
perature (Tmax), increased blood WBC and CSF RBC 
counts, and decreased CSF protein levels. These findings 
support the hypothesis that the most likely mechanism for 
developing hydrocephalus after our cerebral hemispher-
ectomy procedure involved changes in CSF flow dynam-
ics that varied by etiology. Our findings are helpful for 
practicing neurosurgeons in predicting which patients are 
at greatest risk for developing hydrocephalus after cere-
bral hemispherectomy involving resection-disconnection 
procedures.
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