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History and evolution of technique

In 1928, one of the pioneers of neurological surgery, Walter 
Dandy, described a series of five patients who underwent 
removal of their right cerebral hemispheres for cerebral 
gliomas (1). This represented a radical attempt at achieving 
cure of what at the time was an incurable disease. He 
described a technique involving ligation of the anterior and 
middle cerebral arteries and subsequent en bloc removal 
of the cerebral hemisphere in a seemingly crude fashion  
(“…first to section the frontal lobe, which requires only a sweep 
of the scalpel…entering the anterior horn of the lateral ventricle 
with the index finger, to use this as a lever…with scissors or the 
edge of a spatula, the internal capsule is divided flush with the 
ventricle”). Three of the five patients died within 3 months 
of surgery (one immediately after due to hemorrhage). 

W. James Gardner, a Cleveland neurosurgeon reported 
an additional three cases of right cerebral hemisphere 
removal for glioma in 1933 (2). Two of these patients 
died within 36 hours of surgery of “hyperthermia”. A 
third patient, however, was seizure free, hemiparetic but 
cognitively well and ambulatory without evidence of 
recurrence 2 years after surgery. This was the first report of 
a patient remaining ambulatory after a hemispherectomy 
(which was erroneously attributed to preservation of the 

basal ganglia). It demonstrated that a reasonable quality 
of life could be preserved after right hemisphere removal. 
While this radical approach to glioma surgery ultimately 
proved inappropriate, it served as a blueprint for subsequent 
hemispherectomy surgery for epilepsy. 

The first hemispherectomy performed specifically for 
epilepsy was reported by the Canadian neurosurgeon K.G. 
McKenzie at the American Medical Association meeting 
in Chicago in 1938 (3). The patient presented to Toronto 
General Hospital at the age of 16, with a prior history of 
a head injury at the age of three weeks with subsequent 
left hemiplegia and epilepsy. She underwent a right 
hemispherectomy which successfully alleviated her seizures. 
The first series of patients undergoing hemispherectomy 
surgery for epilepsy was reported by Krynauw RA in 1950 (4).  
He described 12 children with “infantile hemiplegia” who 
underwent hemispherectomies. Interestingly, two of the 
patients did not have epilepsy; Krynauw stated, “I have 
come to consider mental deviations in the absence of epileptic 
phenomena, and also epileptic manifestations in the absence of 
definite mental or behavior disturbances, as adequate indications 
for surgery”. Of the ten patients who did have seizures, 
one died immediately after surgery without explanation. 
The remaining nine patients however did quite well with 
resolution of seizures and well documented preservation of 
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some useful ipsilateral motor control and ambulatory status 
in most cases. 

Krynauw’s successes lead to a period of enthusiasm for 
what is now termed to be the anatomic hemispherectomy 
(AH)—the complete removal of the cerebral hemisphere 
with or without preservation of the basal ganglia and 
thalamus (Figure 1). Over time it became apparent that 
a significant portion of patients were deteriorating on 
a delayed basis. In 1965, Ulrich et al. first reported 
superficial cerebral hemosiderosis as a late complication 
of hemispherectomy surgery (5). Superficial cerebral 
hemosiderosis is characterized by diffuse iron depositions 
within the meninges, ependymal, and cerebral cortex as 
a consequence of repeated hemorrhage into the large 
subdural resection cavity. In 1966, Oppenheimer and 
Griffith reported on their series of 17 AH patients, four 
of whom died on a delayed basis after several years of 
good health. In three patients available for autopsy, they 
noted ventricular dilation consistent with hydrocephalus 
as well as superficial hemosiderosis which they postulated 
to have been the cause of the hydrocephalus. As the use 
of ventricular shunting became more prevalent, some of 
the morbidity caused by the associated hydrocephalus was 
mitigated, but repetitive hemorrhage was still a frequent 
problem. In 1973 (6), Rasmussen reported results from 
the Montreal Neurological Institute (MNI), where the 
incidence of superficial hemosiderosis was 33% in AH 
patients. Rasmussen made the key observation that in 
patients with “subtotal” hemispherectomies (multilobar 

resections without complete AH), hemosiderosis was not 
seen. By 1968, MNI surgeons had begun to intentionally 
leave either frontal or occipital pole brain behind while 
accepting a higher rate of persistent seizures, to avoid this 
complication (6). 

The problem of superficial cerebral hemosiderosis 
dampened enthusiasm for hemispherectomy surgery 
and led to the first branch point in the evolution of 
hemispherectomy techniques. Some centers continued 
to perform anatomic hemispherectomies, albeit with 
modifications. In 1983, Adams reported on a small series 
of patients undergoing AH with plication of the dura to 
the falx cerebri and tentorium cerebelli with plugging 
of the foramen of Monro to obliterate the subdural 
resection cavity and its communication with the rest of the 
ventricular system (7). At UCLA, Peacock addressed the 
problem by placing resection cavity drains, then electively 
shunting most of his AH patients to divert blood products 
and prophylactically address hydrocephalus (8). Others 
moved away from AH techniques. One tactic developed 
to avoid superficial hemosiderosis was the development 
of hemidecortication—the practice of removing all of the 
cortex while minimizing exposure of the ventricular 
system by maintaining surrounding white matter (9,10). 
(It should be noted that older literature employs the term 
“hemidecortication” interchangeably with what would 
now be called “AH”). Rasmussen refined his technique of 
intentionally leaving brain tissue behind by disconnecting 
such tissue from the corpus callosum and upper brainstem, 

Figure 1 Axial and coronal MRI T1 images following an anatomic hemispherectomy.
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resulting in a “functional complete but anatomical subtotal 
hemispherectomy” or functional hemispherectomy (FH) (11). 
The Rasmussen FH involved removal of the temporal lobe 
and a central portion of frontoparietal brain. The access 
this provided was used to perform frontal and posterior 
disconnections between the retained brain and midbrain 
as well as a complete corpus callosotomy. All of these 
modifications appeared to prevent superficial hemosiderosis, 
leading to renewed acceptance of hemispherectomy surgery 
as an appropriate surgical option for select cases.

Hemispherotomy is a direct descendant of Rasmussen’s FH, 
utilizing the same principles of leaving living vascularized 
brain behind that is disconnected from healthy brain. The 
distinction between hemispherotomy and FH is a relatively 
small one related to the more minimalistic amount of brain 
physically removed with hemispherotomy techniques. 
Hemispherotomy techniques were introduced in the 1990’s, 
by Delalande (12), Villemure (13,14), and Schramm (15-17),  
each with their own solution to the achieving the 
disconnections required to attain complete functional 
disconnection of the hemisphere. Cook et al. (18) described 

a modified lateral hemispherotomy which involves sacrifice 
of the middle cerebral artery with removal of a central 
block of opercular tissue. Bahuleyan et al. (19) demonstrated 
the feasibility of a purely endoscopic transventricular 
hemispherectomy on cadaver brains as a proof of concept. 
Hemispherotomy techniques are continually refined and 
predominate at most epilepsy centers in the 21st century.

Patient population

Table 1 shows a breakdown of seizure etiology from the 
larger published series of the last 20 years. By aggregating 
case counts, one can get a sense of the frequency of 
pathology leading to hemispherectomy surgery. The 
vast majority of patients are pediatric as most of the 
pathology and medically refractory epilepsy are present 
early in life. Candidates for potential epilepsy surgery 
undergo an extensive workup to confirm as best as 
possible that: (I) the seizures are emanating exclusively 
from one hemisphere only; and (II) a smaller resection 
sparing functional brain would not adequately address 

Table 1 Seizure etiology in patients undergoing hemispherectomy (published series 1995-2014)

Study N MCD Ischemia Rasmussen Other

Althausen et al. 2013 (20) 61 10 36 8 7

Basheer et al. 2007 (21) 24 7 7 4 6

Carmant et al. 1995 (22) 12 3 6 2 1

Cook et al. 2004 (18) 115 55 27 21 12

Delalande et al. 2007 (12) 83 30 18 25 10

Devlin et al. 2003 (23) 33 16 7 4 6

Döring et al. 1999 (24) 28 15 6 4 3

Greiner et al. 2011 (25) 54 21 20 10 3

Kossoff et al. 2003 (26) 111 35 17 47 12

Kwan et al. 2010 (27) 41 21 5 9 6

Lew et al. 2014 (28) 50 12 25 6 7

Limbrick et al. 2009 (29) 49 18 14 4 13

Moosa et al. 2013 (30) 170 63 79 21 7

Ramantani et al. 2013 (31) 52 20 24 6 2

Schramm et al. 2012 (17) 92 20 42 14 16

Shimizu et al. 2005 (32) 44 34 7 0 3

Terra-Bustamante et al. 2007 (33) 39 10 7 12 10

Villarejo-Ortega et al. 2013 (34) 17 5 9 3 0

Villemure et al. 2006 (13) 43 7 20 13 3

All studies 1,118 402 (36%) 376 (34%) 213 (19%) 127 (11%)

MCD, malformations of cortical development.



211Translational Pediatrics, Vol 3, No 3 July 2014

© Translational Pediatrics. All rights reserved. Transl Pediatr 2014;3(3):208-217www.thetp.org

seizures. The typical preoperative evaluation includes: a 
detailed neuropsychological evaluation, long-term video 
electroencephalography (EEG), and MRI. Other studies 
often but now always utilized include: functional MRI, 
Wada testing, positron emission tomography (PET), and 
magnetoencephalography (MEG). Potential cases are 
discussed at multidisciplinary conferences that include 
neurosurgeons, epileptologists, neuroradiologists, and 
neuropsychologists. 

Malformations of cortical development (MCD)

The term MCD, also known as cortical dysplasias, cortical 
dysgenesis, or neuronal migration disorders, encompasses 
a wide variety of developmental brain anomalies often 
associated with developmental delay, neurological deficits, 
and epilepsy. There are a wide variety of abnormalities 
that fall under the rubric of MCD, and can be categorized 
based on histopathology, imaging, genetics, as well as 
clinical and electrographic features (35-37). Patients 
with broad unilateral MCD comprise a large portion of 
hemispherectomy candidates. Hemimegalencephaly is 
such a condition, characterized by unilateral enlargement 
all or most of a cerebral hemisphere, with focal or diffuse 
microscopic cortical abnormalities (Figure 2). Patients with 
hemimegalencephaly commonly have medically refractory 
epilepsy, often at a very young age, which is responsive 
to hemispherectomy surgery. Some patients with MCD 

have large dysplastic epileptogenic networks that require 
multilobar resection or hemispherectomy to effectively 
mitigate seizures. A fair number of patients with MCD 
undergoing hemispherectomy surgery will have already had 
prior more conservative resections that failed to adequately 
stop seizures.

Ischemia

In most hemispherectomy series, patients with large 
hemispheric infarcts represent a significant portion of 
patients (Table 1). Most of these patients had their strokes 
during the perinatal period. A recent prospective study of 
46 infants with perinatal arterial strokes showed that 24% 
had at least one seizure, and 13% developed epilepsy within 
a mean follow-up period of 31 months. Larger stroke size 
was associated with a 6-fold increase in seizure risk (38).  
When the seizures prove to be refractory to medical 
management, these patients are excellent candidates for 
hemispherectomy surgery as they typically already have 
hemiparesis and hemianopsia, with language development 
in the contralateral healthy hemisphere. Thus they 
typically do not suffer any further decline in function with 
hemispherectomy. Patients with perinatal strokes or more 
likely than MCD to have a completely normal contralateral 
hemisphere as well, theoretically decreasing the chance of 
persistent seizures post-hemispherectomy.

Rasmussen’s encephalitis (RE)

RE is a rare condition that comprises a significant portion of 
population of patients who undergo hemispherectomy surgery, 
ranging from 0% (32) to 42% (39) of hemispherectomy 
cases reported. As the name implies, RE is an inflammatory 
process, albeit one that is poorly understood. The hallmark 
of RE is progressive unilateral hemispheric dysfunction 
characterized by inflammatory changes on imaging and 
histopathology. The etiology is unknown with most cases 
occurring sporadically with some reports of RE onset 
after head injury or infection (40). There is evidence of an 
autoimmune pathophysiological mechanism in RE, and 
autoantibodies to the NMDA glutamate receptor type-3  
(GluR3) have been found in association with RE and other 
severe forms of epilepsy (41,42). RE typically (but not 
exclusively) affects children, who present with progressively 
worsening unilateral focal-onset seizures, classically 
epilepsia partialis continua (EPC), followed by a progressive 
decline in unilateral hemispheric function manifesting 

Figure 2  Axial MRI T2 image of a two month old with 
hemimegalencephaly. Note the enlarged right hemisphere and the 
loss of normal gyral-sulcal folds.
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as hemiparesis. Language function can also deteriorate 
if the dominant hemisphere is affected. MRI (Figure 3) 
demonstrates initially areas of inflammation, followed by 
progressive atrophy (43). Immunomodulatory therapy with 
high dose corticosteroids, intravenous immunoglobulin 
(IVIG), calcineurin-inhibitors or plasma exchange have 
been attempted to slow the progression of the disease 
with mixed results (44-48). Hemispherectomy surgery 
remains the only treatment shown to definitively halt the 
progression of the disease. 

Other pathology

S t u r g e - We b e r  s y n d r o m e  ( S W S ,  a l s o  k n o w n  a s 
encephalotrigeminal angiomatosis) is a neurocutaneous 
disorder characterized by facial and leptomeningeal 
angiomas (Figure 4). The leptomeningeal vascular anomalies 
of SWS are typically unilateral and can result in gradual 
ischemic changes, including atrophy, calcification, and 
gliosis with associated neurological decline and epilepsy. 
Epilepsy develops in 75-80% of patients with SWS (49). 
Due to the often hemispheric involvement of the disease, 
hemispherectomy surgery is utilized for seizure control 
in select cases, typically when there is already prior loss of 
hemispheric motor function from prior ischemia (50).

Hemiconvulsion-hemiplegia-epilepsy (HHE) syndrome 
is a rare, poorly understood disorder affecting young 
children, typically under the age of 4 years. The hallmarks 
of HHE include a febrile illness with associated unilateral-
onset seizures, hemispheric edema not confined to a 
vascular distribution, with subsequent difficult to control 
epilepsy and hemispheric dysfunction with atrophy (51). As 
with many hemispherectomy candidates, the patients have 
pre-existing hemiplegia at the time of surgery.

Head trauma is  a relatively rare indication for 
hemispherectomy surgery. Head trauma only rarely leads to 
intractable epilepsy and in most cases the damage is bilateral, 
thus patients are not likely to be acceptable candidates due 
to either bilateral seizure onset, or bilateral existing cerebral 
damage making hemispherectomy surgery unacceptable 
with regards to functional loss. Although one recent 
hemispherectomy series included a patient with a malignant 
tumor status post local radiation therapy and subsequent 
intractable epilepsy leading to hemispherectomy (28), tumor 
patients rarely develop a need for such radical surgery for 
seizure control.

Outcomes

Seizure freedom

Hemispherectomy surgery is probably the most successful 
form of epilepsy surgery available in terms of achieving 
seizure freedom. Rates of seizure freedom (Engel I) in 
published series over the past decade range from 54% to 
90% (17,18,20,21,27,28,32,33,52-54). Most patients who 
do not achieve seizure freedom enjoy some improvement 
in their seizure burden (Engel II or III). The reason for 

Figure 3 Coronal MRI FLAIR (fluid attenuated inversion recovery) 
sequence demonstrating late stage Rasmussen’s encephalitis. Note 
the right sided cortical atrophy and periinsular hyperintensity.

Figure 4 Coronal post-contrast MRI in an 11-month-old 
female with Sturge-Weber Syndrome. Note the left sided diffuse 
leptomeningeal enhancement and hemispheric atrophy.
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failure is not always apparent for an individual case. Reasons 
to continue to seize following hemispherectomy surgery 
include: (I) unrecognized seizures emanating from the 
contralateral hemisphere (i.e., misdiagnosis); (II) failure to 
adequately disconnect or remove the entire hemisphere 
(i.e., technical error); or (III) the development of a new 
seizure focus in the contralateral hemisphere (progression 
of disease). It should be also noted that hemispherectomy 
surgery may be offered in cases where there is bilateral 
disease with the hope that antiepileptiform medication 
can control the contralateral hemisphere seizures. It is 
also offered at times as a purely palliative procedure for 
severe cases with bilateral seizure onset when one side 
predominates (28,55,56). 

The study of hemispherectomy surgery outcome is made 
difficult by the relative infrequency of the procedure. Nearly 
all published data are retrospective single-center experiences. 
The largest published series to date by Moosa et al. includes 
a total of only 186 patients. Only 12 other series include over  
40 patients (12,13,17,18,20,25,27-29,31,39,57). From a 
statistical standpoint, it is difficult to determine what 
variables have significant influence over outcome. 
Only six studies (20,23,31,39,54,57) have identified 
preoperative factors that correlated with seizure outcome 
with demonstrable statistical significance. Two studies 
demonstrated that bilateral imaging abnormalities correlated 
with worsened seizure outcome, a finding that makes 
intuitive sense (54,57). Two studies identified younger age 
as being predictive of improved seizure outcome (20,31), 
a finding not duplicated in the two largest published series 
(53,54). Two studies demonstrated statistically significant 
correlations between seizure etiology and seizure outcome, 
with developmental pathology such as MCD (and 
hemimegalencephaly in particular) associated with a lower 
rate of seizure freedom (23,39). This finding has not been 
reproduced in any other series, which may reflect a lack of 
power in these individual studies rather than a lack of effect. 
MCD is more likely to be associated with bihemispheric 
structural abnormalities compared to most other conditions 
leading to hemispherectomy. Hemimegalencephaly also 
poses a greater surgical challenge (atypical anatomy, 
enlarged brain, small or aberrant ventricular system) and 
possibly a higher rate of technically inadequate resections/
disconnections.

There is not a consensus regarding optimal surgical 
technique. Most centers have migrated to one procedure 
of choice and it is difficult to compare techniques by 

comparing outcomes from different centers without 
being able to control for patient selection. Only one 
single institution, retrospective, non-randomized study 
found a difference in seizure outcome between two 
techniques. Kwan et al. reported the Toronto experience 
of discontinuing hemidecortications in favor of periinsular 
hemispherotomies with the latter yielding a higher rate 
of Engel I/II outcomes (85% vs. 48%, P<0.02). To answer 
the question of technique superiority, a randomized 
prospective trial would be required (which is not likely 
to happen). Nevertheless, the trend away from anatomic 
hemispherectomies towards hemispherotomies at 
most experienced centers is likely an indication of the 
superiority of hemispherotomy techniques with regards to 
complications if not seizure efficacy as well.

Functional outcome

Some more recent series on hemispherectomy outcome 
include preoperative and postoperative neuropsychological 
measures (20,28,53,58-61). Although individual patient 
outcomes may vary, with occasional significant declines 
or improvement, the overall cognitive function is stable 
at the group-level in these studies. Lower preoperative 
intelligence (20), nonhemimegalencephalic MCD (53), 
absence of contralateral MRI abnormalities (57), older age 
at seizure onset (62), shorter duration of seizures (62), and 
postoperative seizure freedom (20) have been associated 
with postoperative cognitive improvement.

There is an expected contralateral homonymous 
hemianopsia after hemispherectomy. Motor deficits 
following hemispherectomy are variable. Most patients 
remain ambulatory (if they were preoperatively) (30). The 
typical hemiparesis is most pronounced with distal motor 
function of the upper and lower extremities. Patients 
with a history of perinatal stroke typicaly have more 
distal extremity function than those with other etiologies. 
Typically there is a loss of fine motor function in the 
hand and limited ankle dorsiflexion requiring an ankle-
foot orthosis. de Bode et al. (63) demonstrated less distal 
extremity motor loss in patients with perinatal strokes 
compared to other epilepsy etiologies, irrespective of time 
of epilepsy onset or surgery. They also found that areas of 
increased ipsilateral activation with motor tasks on post-
hemispherectomy functional MRI in areas not typically 
associated by motor function (cingulate, insula), and that 
the areas involved varied depending on etiology of epilepsy. 
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Complications

Hydrocepha lu s  i s  a  known adver se  ou tcome  o f 
hemispherectomy surgery that has been reported in every 
large series. The incidence varies greatly between individual 
series, ranging from 9% to 81% (8,18,21,27,28,64-67).  
Whi le  the  exact  mechanism for  deve lopment  of 
hydrocephalus is unknown, it may be related to exposure 
of blood products and subsequent inflammatory processes 
to the intraventricular spaces (as seen with intraventricular 
hemorrhage of prematurity or meningitis). All current 
hemispherectomy techniques involve some entry to the 
ventricular system. Recently, 15 pediatric epilepsy centers 
pooled data on 690 children to examine the issue of post-
hemispherectomy hydrocephalus (68). The overall incidence 
was 23%. Prior cranial surgery and the AH technique 
were identified as statistically significant risk factors for 
developing hydrocephalus.

As with any major intracranial procedure, hemispherectomy 
surgery is associated with a litany of minor complications 
such as infection, aseptic meningitis, and transient 
neurological deficits. Contralateral strokes and deaths are 
rarely found in modern era series (8,69). Although there is 
likely a reporting bias, the current risk of mortality from 
hemispherectomy surgery at experienced centers is likely 
below 1%. 

There is a small literature on revision hemispherectomies. 
When a hemispherectomy unexpectedly fails to result in 
seizure freedom, the possibilities include an incomplete 
disconnection/resection or contralateral seizure generation. 
When the former is suspected, revision hemispherectomy 
surgery may be offered. This has been accomplished with 
selective disconnection or resection of suspected connected 
tissue or with conversion to an AH with seizure freedom rates 
ranging from 19% to 33% (68,70). Thus, there are patients 
who have technically incomplete hemispherectomies but 
the frequency of this complication has not been determined 
in any study. One reason for this lack of reporting is the 
difficulty of definitively assessing for residual connected tissue 
on postoperative imaging; there are no foolproof means of 
distinguishing living, functionally connected brain tissue 
from non-functional or unconnected tissue.

Future directions

Despite dramatic improvements in safety and efficacy, 
there are still significant complications and treatment 
failures. There undoubtedly will be continued refinement 

of techniques with better rates of seizure freedom and 
fewer complications. There is perhaps more room for 
improvement with regards to improving patient selection. 
Some if not most hemispherectomy failures are due to 
new or persistent seizures arising from the contralateral 
hemisphere. As the ability to identify the extents and limits 
of epileptogenic tissue, more targeted therapies can be 
utilized. Thus, some patients that are appropriate candidates 
for hemispherectomy currently may be better treated in the 
future with less morbid interventions that do not require 
the sacrifice of an entire cerebral hemisphere.

Conclusions

Hemispherectomy surgery has progressed from an 
extremely morbid procedure inappropriately applied to brain 
tumors to a set of refined procedures practiced routinely 
at major epilepsy centers around the world. While there 
are a variety of acceptable versions of hemispherectomy 
surgery with proven track records, there is a clear trend 
towards the abandonment of anatomic hemispherectomies 
for hemispherotomy techniques which involve more 
disconnection and less resection. With proper patient 
selection, outcomes are generally excellent with regards to 
seizure burden and serious complications. The majority of 
patients are ambulatory postoperatively with preservation of 
cognitive function. Future advancements are likely to come 
from improved selection of surgical candidacy and more 
targeted interventions that make sacrifice of a complete 
hemisphere unnecessary.
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