
Taylor Kimberly, Stefan Schwab, Eric E. Smith, Rafael J. Tamargo and Max Wintermark
Eelco F. M. Wijdicks, Kevin N. Sheth, Bob S. Carter, David M. Greer, Scott E. Kasner, W.

Association/American Stroke Association
Swelling: A Statement for Healthcare Professionals From the American Heart 

Recommendations for the Management of Cerebral and Cerebellar Infarction With

Print ISSN: 0039-2499. Online ISSN: 1524-4628 
Copyright © 2014 American Heart Association, Inc. All rights reserved.

is published by the American Heart Association, 7272 Greenville Avenue, Dallas, TX 75231Stroke 
 published online January 30, 2014;Stroke. 

 http://stroke.ahajournals.org/content/early/2014/01/30/01.str.0000441965.15164.d6
World Wide Web at: 

The online version of this article, along with updated information and services, is located on the

  
 http://stroke.ahajournals.org//subscriptions/

is online at: Stroke  Information about subscribing to Subscriptions:
  

 http://www.lww.com/reprints
 Information about reprints can be found online at: Reprints:

  
document. Permissions and Rights Question and Answer process is available in the

Request Permissions in the middle column of the Web page under Services. Further information about this
Once the online version of the published article for which permission is being requested is located, click 

 can be obtained via RightsLink, a service of the Copyright Clearance Center, not the Editorial Office.Strokein
 Requests for permissions to reproduce figures, tables, or portions of articles originally publishedPermissions:

 by guest on February 12, 2014http://stroke.ahajournals.org/Downloaded from  by guest on February 12, 2014http://stroke.ahajournals.org/Downloaded from 

http://stroke.ahajournals.org/content/early/2014/01/30/01.str.0000441965.15164.d6
http://stroke.ahajournals.org/content/early/2014/01/30/01.str.0000441965.15164.d6
http://www.ahajournals.org/site/rights/
http://www.ahajournals.org/site/rights/
http://www.lww.com/reprints
http://www.lww.com/reprints
http://stroke.ahajournals.org//subscriptions/
http://stroke.ahajournals.org//subscriptions/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/


1

Background and Purpose—There are uncertainties surrounding the optimal management of patients with brain swelling 
after an ischemic stroke. Guidelines are needed on how to manage this major complication, how to provide the best 
comprehensive neurological and medical care, and how to best inform families facing complex decisions on surgical 
intervention in deteriorating patients. This scientific statement addresses the early approach to the patient with a swollen 
ischemic stroke in a cerebral or cerebellar hemisphere.

Methods—The writing group used systematic literature reviews, references to published clinical and epidemiology studies, 
morbidity and mortality reports, clinical and public health guidelines, authoritative statements, personal files, and expert 
opinion to summarize existing evidence and to indicate gaps in current knowledge. The panel reviewed the most relevant 
articles on adults through computerized searches of the medical literature using MEDLINE, EMBASE, and Web of 
Science through March 2013. The evidence is organized within the context of the American Heart Association framework 
and is classified according to the joint American Heart Association/American College of Cardiology Foundation and 
supplementary American Heart Association Stroke Council methods of classifying the level of certainty and the class and 
level of evidence. The document underwent extensive American Heart Association internal peer review.

Results—Clinical criteria are available for hemispheric (involving the entire middle cerebral artery territory or more) and 
cerebellar (involving the posterior inferior cerebellar artery or superior cerebellar artery) swelling caused by ischemic 
infarction. Clinical signs that signify deterioration in swollen supratentorial hemispheric ischemic stroke include new 
or further impairment of consciousness, cerebral ptosis, and changes in pupillary size. In swollen cerebellar infarction, 
a decrease in level of consciousness occurs as a result of brainstem compression and therefore may include early loss of 
corneal reflexes and the development of miosis. Standardized definitions should be established to facilitate multicenter 
and population-based studies of incidence, prevalence, risk factors, and outcomes. Identification of patients at high risk 
for brain swelling should include clinical and neuroimaging data. If a full resuscitative status is warranted in a patient 
with a large territorial stroke, admission to a unit with neurological monitoring capabilities is needed. These patients are 
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The emergence of brain swelling is the most troublesome and 
even life-threatening consequence of a large-territory isch-

emic stroke. Brain swelling occurs as a result of loss of func-
tion of membrane transporters, causing sodium and water influx 
into the necrotic or ischemic cell, leading to cytotoxic edema. 
Unrelenting swelling disrupts the blood- brain barrier (BBB); 
therefore, a component of vasogenic edema may coexist.1

The development of clinically significant cerebral edema 
is expected only in large-territory cerebral infarcts and can 
be observed by the clinician in 3 ways: a rapid and fulminant 
course (within 24–36 hours), a gradually progressive course 
(over several days), or an initially worsening course followed 
by a plateau and resolution (about a week).2–5 Currently, no 
methods are available to predict the course of brain swelling 
reliably. There is a clinical perception that when brain swell-
ing occurs in the cerebral or cerebellar hemisphere, medical 
management to reduce brain swelling is not successful in 
changing outcome.4,6 Therefore, a decompressive craniectomy 
is offered to relieve the mass effect of the swollen hemisphere 
on the thalamus, brainstem, and network projections to the 
cortex, manifested mainly by a decreased level of arousal. 
Decompressive craniectomy for cerebral edema after ischemic 
hemispheric stroke has significantly increased in US hospitals.7

Clinical experience has matured over the years, but there 
are uncertainties about how to approach a patient with neuro-
imaging and clinical evidence of emerging brain swelling after 
an ischemic stroke. These include recognition of key warning 
neurological signs, comprehensive evaluation of changing neu-
roimaging patterns, prevention of clinically significant swelling, 
options for reducing cerebral edema by pharmacological means, 
and selection of patients for decompressive craniectomy and 
methods to measure the degree of postoperative morbidity. This 
scientific statement addresses the early approach to the patient 
with a swollen ischemic stroke in the cerebellum and cerebral 
hemisphere. It provides a guideline on how to provide the best 
comprehensive care and how to manage this complication. 
Communicating prognosis with family members is also dis-
cussed. The level of evidence is rated for all recommendations.

Methods
Writing group members were nominated by the committee chair 
and co-chair because of their previous work in relevant topic areas 
and were approved by the American Heart Association (AHA) 
Stroke Council’s Scientific Statement Oversight Committee and 
the AHA’s Manuscript Oversight Committee. The writers used 
systematic literature reviews, references to published clinical and 
epidemiological studies, morbidity and mortality reports, clinical 
and public health guidelines, authoritative statements, personal 
files, and expert opinion to summarize existing evidence and to 
indicate gaps in current knowledge. The panel reviewed the most 
relevant articles on adults through computerized searches of the 
medical literature using MEDLINE, EMBASE, and Web of 
Science through March 2013. The evidence is organized within 
the context of the AHA framework and is classified according 
to the joint AHA/American College of Cardiology and supple-
mentary AHA Stroke Council methods of classifying the level 
of certainty and the class and level of evidence (Tables 1 and 
2). All members of the writing group approved the final ver-
sion of this document. The document underwent extensive 
AHA internal peer review, Stroke Council Leadership review, 
and Scientific Statements Oversight Committee review before 
consideration and approval by the AHA Science Advisory and 
Coordinating Committee.

Epidemiology
Variation in terminology complicates the accurate estimation 
of the incidence of severe brain edema caused by massive 
infarction. The estimated prevalence of severe stroke may be 
affected by referral patterns because most data come from sin-
gle tertiary care hospitals and thus may not be representative of 
the population as a whole. The term malignant middle cerebral 
artery (MCA) infarction, introduced in 1996, was originally 
defined as infarction of the entire MCA territory appearing on 
computed tomography (CT) within 48 hours, with or without 
infarction in other vascular territories.4 This term has been 
used frequently in the subsequent literature, along with closely 
related terms such as large hemispheric infarction, but almost 

best admitted to intensive care or stroke units attended by skilled and experienced physicians such as neurointensivists or 
vascular neurologists. Complex medical care includes airway management and mechanical ventilation, blood pressure 
control, fluid management, and glucose and temperature control. In swollen supratentorial hemispheric ischemic stroke, 
routine intracranial pressure monitoring or cerebrospinal fluid diversion is not indicated, but decompressive craniectomy 
with dural expansion should be considered in patients who continue to deteriorate neurologically. There is uncertainty 
about the efficacy of decompressive craniectomy in patients ≥60 years of age. In swollen cerebellar stroke, suboccipital 
craniectomy with dural expansion should be performed in patients who deteriorate neurologically. Ventriculostomy to relieve 
obstructive hydrocephalus after a cerebellar infarct should be accompanied by decompressive suboccipital craniectomy to 
avoid deterioration from upward cerebellar displacement. In swollen hemispheric supratentorial infarcts, outcome can be 
satisfactory, but one should anticipate that one third of patients will be severely disabled and fully dependent on care even 
after decompressive craniectomy. Surgery after a cerebellar infarct leads to acceptable functional outcome in most patients.

Conclusions—Swollen cerebral and cerebellar infarcts are critical conditions that warrant immediate, specialized 
neurointensive care and often neurosurgical intervention. Decompressive craniectomy is a necessary option in many 
patients. Selected patients may benefit greatly from such an approach, and although disabled, they may be functionally 
independent.   (Stroke. 2014;45:00-00.)

Key Words: AHA Scientific Statements ◼ brain edema ◼ decompressive craniectomy ◼ infarction  
◼ patient care management ◼ prognosis ◼ stroke
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always with a study-specific definition that deviated from the 
original. These variable definitions were based on some com-
bination of neurological symptoms or signs,8–13 MCA occlu-
sion,10 involvement of some or all of the MCA-perfused brain 
territory based on either CT or magnetic resonance imaging 
(MRI) diffusion-weighted imaging (DWI),4,8,13–16 radiographic 
evidence of brain edema,10,12,17 postadmission neurological 
deterioration,17,18 or use of decompressive craniectomy.9,11,19

The prevalence of hemispheric MCA infarction by these 
variable definitions has been reported to be 2% to 8% of all hos-
pitalized ischemic stroke,4,10,11,14,17,18 10% to 15% of all MCA 
territory ischemic stroke,13,20 and 18% to 31% of all ischemic 
stroke caused by MCA occlusion.9,16,21 The risk of subsequent 

neurological deterioration and death is high, 40% to 80%.4,22 
A population-based study estimated that 0.3% of all ischemic 
stroke patients may be eligible for decompressive craniec-
tomy on the basis of criteria used in randomized, controlled 
trials.23 The actual frequency of decompressive craniectomy 
for malignant MCA infarction is estimated to have increased 
from 0.04% of all ischemic stroke admissions in 1999 to 2000 
to 0.14% of all ischemic stroke admissions in 2007 to 2008.7

Data on the incidence of severe brain edema complicating cer-
ebellar infarction and the frequency of decompressive craniec-
tomy for cerebellar edema are sparse. Studies suggest that ~20% 
of patients will develop radiographic signs of mass effect accom-
panied by neurological deterioration.24,25 One series of 84 patients 

Table 1 . Applying Classification of Recommendation and Level of Evidence

A recommendation with Level of Evidence B or C does not imply that the recommendation is weak. Many important clinical questions addressed in the guidelines do 
not lend themselves to clinical trials. Although randomized trials are unavailable, there may be a very clear clinical consensus that a particular test or therapy is useful 
or effective.
*Data available from clinical trials or registries about the usefulness/efficacy in different subpopulations, such as sex, age, history of diabetes, history of prior myocardial 
infarction, history of heart failure, and prior aspirin use.
†For comparative effectiveness recommendations (Class I and IIa; Level of Evidence A and B only), studies that support the use of comparator verbs should involve direct 
comparisons of the treatments or strategies being evaluated.
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included 34 patients with craniectomies and 14 with ventriculos-
tomies,26 but selection criteria for surgery remain arbitrary, with 
many neurosurgeons operating on comatose patients.27

Epidemiology: Recommendations

1. Standardized terms and definitions for severe hemi-
spheric and cerebellar edema resulting from infarc-
tion should be established to facilitate multicenter and 
population-based studies of incidence, prevalence, risk 
factors, and outcomes (Class I; Level of Evidence C).

2. Additional data should be collected to determine the 
use of decompressive craniectomy in current clinical 
practice, including whether there is variation by phy-
sician, hospital, health system, or patient character-
istics and preferences (Class I; Level of Evidence C).

Definition and Clinical Presentation
The target population is defined as patients who are at high 
risk for or who ultimately suffer neurological deterioration 
attributable to cerebral swelling after ischemia.

Hemispheric Stroke
Patients with significant swelling typically have occlusions of 
the internal carotid artery, MCA, or both. The natural history 

of a large infarction after internal carotid artery versus MCA 
infarction is not clear, especially when independent of ante-
rior cerebral artery territory infarction. Infarctions from MCA 
branch occlusions typically do not result in swelling with 
clinically significant mass effect.4 Additional vascular territo-
ries, incomplete circle of Willis, and marginal leptomeningeal 
collateral supply are also risk factors for the development of 
cerebral edema after ischemia.28

Although baseline follow-up neuroimaging parameters 
have been described that identify stroke patients who experi-
ence swelling with high specificity,16,29,30 a number of clinical 
features are commonly seen in this syndrome. The most com-
mon findings are hemiplegia, global or expressive aphasia, 
severe dysarthria, neglect, gaze preference, and a visual field 
defect.4 Pupillary abnormalities are a reflection of significant 
brainstem shift, typically not expected on initial presenta-
tion, and develop within the first 3 to 5 days. An early Horner 
syndrome may point to an acute carotid artery occlusion or 
dissection.4 The initial National Institutes of Health Stroke 
Scale score is often >20 with dominant hemispheric infarction 
and >15 with nondominant hemispheric infarction, although 
this clinical predictor has not undergone rigorous prospective 
validation.31–33 The initial score is a reflection of stroke sever-
ity and infarct volume, not a marker of tissue swelling, and 
although sensitive, it is not highly specific.

The most specific sign of significant cerebral swelling 
after stroke is a decline in the level of consciousness attrib-
utable to brain edema shifting the thalamus and brainstem, 
where major components of the ascending arousal system are 
situated.34 Although right hemisphere infarction may result 
in a flattened affect, complete infarction of either hemi-
sphere itself is rarely associated with diminished arousal.35 
Responsiveness, however, is diminished early in combined 
MCA and anterior cerebral artery infarctions. Cerebral pto-
sis (apraxia of eyelid opening) may be present and falsely 
suggest a decreased level of consciousness. It may appear de 
novo in deteriorating patients.36–38

Despite several attempts to date,39,40 no clinical feature has 
been validated to reliably measure level of consciousness in 
this setting, nor has there been a good way of documenting 
the early changes in level of consciousness. (In several recent 
studies evaluating decompressive craniectomy, only item 1a 
of the National Institutes of Health Stroke Scale has been used 
to link decreased level of consciousness to brain swelling.) 
A single study suggested that diffuse slowing and increased 
delta activity on an electroencephalogram in the first 24 hours 
may document early global dysfunction in patients who are 
likely to swell.41 The development of frequent or continuous, 
accurate methods to identify depression in level of arousal 
attributable to swelling is an important unmet need.

Neurological deterioration usually occurs in most patients 
within 72 to 96 hours.17 Some patients may experience dete-
rioration at 4 to 10 days, when previously at-risk penumbral 
tissue progresses to infarction, followed by delayed swelling 
and in some cases hemorrhagic transformation,42 although 
the exact mechanism of this clinical course remains to be 
clarified. If patients are intubated for mechanical ventilation, 
brain death is a possible outcome if no aggressive measures to 
relieve swelling are undertaken.43

Table 2. Definition of Classes and Levels of Evidence Used in 
AHA/ASA Recommendations

Class I Conditions for which there is evidence for and/
or general agreement that the procedure or 
treatment is useful and effective. 

Class II Conditions for which there is conflicting 
evidence and/or a divergence of opinion 
about the usefulness/efficacy of a procedure 
or treatment. 

  Class IIa The weight of evidence or opinion is in favor of 
the procedure or treatment. 

  Class IIb Usefulness/efficacy is less well established by 
evidence or opinion. 

Class III Conditions for which there is evidence and/
or general agreement that the procedure or 
treatment is not useful/effective and in some 
cases may be harmful.

Therapeutic recommendations

  Level of Evidence A Data derived from multiple randomized clinical 
trials or meta-analyses 

  Level of Evidence B Data derived from a single randomized trial or 
nonrandomized studies 

  Level of Evidence C Consensus opinion of experts, case studies, or 
standard of care 

Diagnostic recommendations 

  Level of Evidence A Data derived from multiple prospective cohort 
studies using a reference standard applied by 
a masked evaluator 

  Level of Evidence B Data derived from a single grade A study or 
one or more case-control studies, or studies 
using a reference standard applied by an 
unmasked evaluator 

  Level of Evidence C Consensus opinion of experts

AHA/ASA indicates American Heart Association/American Stroke Association
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Although the data on the association between age and out-
come in patients with severe stroke are inconsistent, in the 
absence of significant comorbidities and withdrawal of care, 
older patients may be less likely to suffer the consequences of 
cerebral edema because of increased intracranial compliance 
secondary to relative atrophy.4,44 Conversely, younger patients 
with decreased compliance may be at increased risk for brain 
tissue shift.13,45,46 Other clinical factors that are associated with 
edema after large stroke include early nausea and vomiting, 
female sex, congestive heart failure, and leukocytosis.22 One 
series reported altered baroreceptor sensitivity as an early pre-
dictor of life-threatening edema; however, this observation has 
not been prospectively confirmed.47

Cerebellar Stroke
Cerebellar infarction can be difficult to diagnose, especially 
when the chief complaints are dizziness, vertigo, and vomit-
ing. Careful attention to speech, gait, coordination, and eye 
movements is required to make the diagnosis. It is a common 
pitfall to miss truncal ataxia in a patient during a bedside exam-
ination.48 Few, if any, reliable clinical signs and symptoms can 
serve to stratify cerebellar stroke patients across a continuum 
of clinical severity. Swelling after cerebellar infarction may 
result in pontine compression, acute hydrocephalus secondary 
to obstruction of the fourth ventricle, and often both.

Similar to hemispheric infarction, the most reliable clinical 
symptom of tissue swelling is decreased level of conscious-
ness and thus arousal.26,49 In addition, pontine compression 
may lead to ophthalmoparesis, breathing irregularities, and 
cardiac dysrhythmias. Hearing loss is common with anterior 
inferior cerebellar infarction, and intractable hiccups may be 
seen in posterior inferior cerebellar infarction.50 Deterioration, 
however, is more dependent on initial infarct volume rather 
than any specific vascular territory.25 Peak swelling occurs 
several days after the onset of ischemia.25 The initial CT can 
be normal in as many as 25% of patients.25,51

Hemorrhagic Transformation of Strokes
Hemorrhagic transformation is a common complication of 
severe stroke and is a manifestation of damage to the BBB, 
loss of microvascular integrity, and disruption of the neuro-
vascular unit.52 It may be a consequence of recanalization 
and reperfusion of an infarcted area. The pathophysiology is 
incompletely understood but involves matrix metalloprotein-
ases (MMPs; eg, MMP-9), inflammatory mediators, reactive 
oxygen species, and sequelae from thrombolytic agents or 
other anticoagulants such as low-molecular-weight heparin 
injections or intravenous heparin.1 In fact, large infarcts that 
present acutely may be more likely to undergo thrombolysis, 
which itself can lead to upregulation of MMP-3 or MMP-9.53 
Reperfusion and BBB disruption may synergistically increase 
the risk of hemorrhagic transformation.54 Clinically, hemor-
rhagic transformation may be associated with little change in 
neurological findings, worsening of existing deficits, or sud-
den rapid decline as a result of new mass effect. This major 
complication is seen more commonly in patients with severe 
stroke at high risk for swelling.54 This increased risk of hem-
orrhage may be attributable to primary injury or a higher 

incidence of thrombolytic therapy in this population, regard-
less of whether there is successful reperfusion. Advanced age 
and hyperglycemia have also been associated with this com-
plication, which results in increased mortality, especially in 
patients with cerebellar infarction.25,54

Definition and Clinical Presentation: 
Recommendations

1. Patients with or at high risk for infarction and swell-
ing should be identified through the use of clinical 
data, including vessel occlusion status (Class I; Level 
of Evidence B).

Neuroimaging
Cerebral infarction is characterized by progressive cerebral 
edema and mass effect, with ipsilateral sulcal effacement, 
compression of the ipsilateral ventricular system, and then a 
shift of the midline structures such as the septum pellucidum 
and the pineal gland. The foramen of Monro or the third ven-
tricle might be blocked, leading to entrapment and dilatation of 
the contralateral lateral ventricle and obstructive hydrocepha-
lus, which might contribute to increased intracranial pressure 
(ICP). Brainstem displacement may lead to widening of the 
ipsilateral ambient cistern. These cisterns become effaced 
when swollen tissue eventually fills the cisterns. Compression 
and compromise of the anterior or posterior cerebral arteries 
may be seen in some patients, along with infarctions in the 
corresponding vascular territories.55

In the setting of cerebellar infarction with swelling, efface-
ment of the fourth ventricle is a key radiologic marker, fol-
lowed by basal cistern compression, followed by brainstem 
deformity, hydrocephalus, downward tonsillar herniation, and 
upward transtentorial herniation.25

CT Imaging
A noncontrast CT scan of the brain is the first-line diagnostic 
test to exclude nonvascular, structural, intracranial lesions as 
the cause of the focal neurological symptoms; to differentiate 
between brain ischemia and hemorrhage; to ascertain the cause 
and prognosis; and to guide immediate intervention. CT is 
also the modality of choice to follow up patients with cerebral 
or cerebellar infarcts with swelling. CT findings that predict 
malignant edema and poor prognosis include frank hypoden-
sity on head CT within the first 6 hours and involvement 
of one third or more of the MCA territory (Figure 1).22,56–58  
The presence of a dense MCA sign58 or midline shift ≥5 mm 
within the first 2 days59 is also associated with neurological 
deterioration and early mortality (Figure 1).

Several angiographic findings on CT angiography or digital 
subtraction angiography are predictive of deterioration caused 
by swelling. A “T occlusion” of the distal internal carotid 
artery45,57 is frequently associated with malignant edema. An 
incomplete circle of Willis,45 which leads to involvement of 
multiple vascular territories (eg, the MCA and either the ante-
rior cerebral artery or posterior cerebral artery),22,60 is predic-
tive of worse outcome. A host of radiographic findings have 
been used to describe deterioration after MCA infarction. 
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Some simply use the term transtentorial herniation without 
being more specific.29,61,62 Other descriptions include efface-
ment of the ipsilateral sulci and lateral ventricle63 and CT signs 
of elevated ICP.64 Most commonly, the degree of midline shift 
is used as the benchmark for radiographic deterioration, either 
undefined16,60,65 or specified as >5 mm at the level of septum 
pellucidum,19,41,47,66–68 >2 mm at the level of septum pellucidum 
or pineal gland,69,70 or >10 mm.71 Although all these arbitrary 
parameters are indicative of tissue shift, further development 
and validation of serial CT measures that identify patients at 
highest risk of clinical deterioration are required. Other pre-
dictors are hypodensity >50% of the MCA territory and basal 
ganglia involvement in infarction territory.56,72

Magnetic Resonance Imaging
MRI can be substituted for CT, but it is less widely available 
and there are more contraindications for use (including metal 
implants, cardiac pacemakers, and unstable patients). Four 
studies have evaluated the ability of acute DWI volume to 
predict neurological deterioration from cerebral edema. Three 
studies have evaluated patients with MRI obtained within ≈6 
hours of stroke onset, and the optimal DWI cutoff was largely 
in agreement, with values of >80,54 >82,16 or >89 mL29 predict-
ing a rapid fulminant course (Figures 1 and 2). When MRI 
was obtained 14 hours after stroke onset, a DWI volume of 
>145 mL was predictive of clinical deterioration.73 Predictive 
MRI-based infarct volumes have not been robustly identified 
for cerebellar stroke, and this is an important area of inquiry.

The utility of perfusion-weighted imaging has been eval-
uated, but perfusion-weighted imaging less consistently 
showed predictive ability, with some studies demonstrating 
its value54 and others not. The utility of MRI imaging in pre-
dicting swelling, assessing of brainstem shift, and evaluating 
secondary damage to critical structures has not sufficiently 
been examined.

Other Neuroimaging
Transcranial Doppler sonography has been suggested as a non-
invasive method of monitoring elevated ICP in patients with 
large infarctions. An increase in pulsatility indexes has been 
shown to correlate with midline shift and outcome. Transcranial 
Doppler sonography provides information for detecting cerebral 
herniation and deciding on the medical or surgical therapy.74,75 
At this time, near-infrared spectroscopy remains an investiga-
tional modality to noninvasively provide information on intra-
cranial oxygenation in patients with infarctions and swelling.76 
Additional modalities that have been explored and require fur-
ther study include perfusion CT imaging (Figure 1),18,20 stable 

Figure 1. A 56-year-old male patient was admitted 5 hours after 
onset of right hemiplegia. Initial noncontrast computed tomogra-
phy (NCT) showed slight effacement of the right lentiform nucleus 
but no hypodensity. A perfusion computed tomography (PCT) 
study obtained immediately after the NCT demonstrated a large 
area of hypoperfusion (prolonged mean transit time, decreased 
cerebral blood flow, and cerebral blood volume; arrowheads) 
in the right middle cerebral artery (MCA) territory, consistent 
with a large infarct core. The computed tomographic angiogram 
(CTA) revealed an occlusion of the right internal carotid artery 
(ICA) extending to the right MCA (arrows). A magnetic resonance 
image obtained shortly after the computed tomographic workup 
confirmed the PCT findings, namely a large infarct in the right 
MCA territory with restricted diffusion (bright signal on diffusion- 
weighted images [DWIs] and dark signal on average diffusion 
coefficient [ADC] maps). Fluid-attenuated inversion recovery 
(FLAIR) images showed early abnormalities in the same distribu-
tion. Endovascular revascularization was not attempted because 
of the size of the infarct core on DWI. At day 1,  follow-up NCT 
shows a frank hypodensity in the right MCA territory, with a sug-
gestion of hemorrhagic transformation in the right basal ganglia. 

Figure 1. (Continued) In addition, there is a new hypodensity in the 
right anterior cerebral artery territory (arrow), suggesting exten-
sion of the infarct to this distribution. In terms of mass effect, 
there is compression of the right lateral ventricle and minimal 
right-to-left midline shift, but there is no herniation. At day 2, sub-
falcine and right uncal herniation (arrows) have developed, along 
with entrapment of the left lateral ventricle. A dense clot is seen 
in the terminal right ICA and the MCA (asterisk), indicating persis-
tent occlusion. The patient’s condition, related to the mass effect 
and herniation, prompted a surgical craniectomy, and a postsur-
gery NCT obtained at day 3 showed relief of the mass effect. The 
patient survived but was left with significant handicap.
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xenon CT,77 single-photon emission CT,30,78 positron emission 
tomography,69 and BBB permeability imaging.79–81

Neuroimaging: Recommendations

1. Frank hypodensity on head CT within the first 6 
hours, involvement of one third or more of the MCA 
territory, and early midline shift are CT findings 
that are useful in predicting cerebral edema (Class I; 
Level of Evidence B).

2. The measurement of MRI DWI volume within 6 
hours is useful, and volumes (≥80 mL) predict rapid 
fulminant course (Class I; Level of Evidence B).

3. A noncontrast CT scan of the brain is a useful first- 
line diagnostic test and modality of choice to moni-
tor patients with hemispheric cerebral or cerebellar 
infarcts with swelling. Serial CT findings in the first 
2 days are useful to identify patients at high risk for 
developing symptomatic swelling (Class I; Level of 
Evidence C).

Basics of Support
The management of ischemic stroke has been summarized in 
2 major guidelines from the Stroke Council of the American 
Stroke Association and the European Stroke Organization.82,83 
Their recommendations similarly apply to patients with a 
large ischemic stroke, but there are several specific and per-
tinent issues to consider in the management of patients with 

a large hemispheric or cerebellar stroke and early edema. The 
writing group recommendations discussed here relate specifi-
cally to medical management of patients who are at high risk 
for or are developing tissue swelling.

Triage
Before any intervention is undertaken, an appropriate triage 
should be established. If a full resuscitative status and compre-
hensive medical care are warranted in a patient with a large territo-
rial stroke, admission to a unit with neuromonitoring capabilities 
is needed. Once the diagnosis is established, these patients are 
best admitted to intensive care or stroke units attended by skilled 
physicians. Neurosurgical consultation should be sought early to 
facilitate planning of decompressive surgery or ventriculostomy 
with decompressive surgery (in the case of cerebellar infarction) 
if the patient deteriorates. Early identification of patients who 
may experience swelling and consequent transfer to a center 
with a higher level of care should be initiated urgently if com-
prehensive care is agreed on and cannot be provided. The level 
of expertise to manage these patients must be high and requires a 
multidisciplinary approach that could include neurointensivists, 
vascular neurologists, and neurosurgeons.

Triage: Recommendations

1. Transfer to an intensive care or stroke unit is recom-
mended for patients with a large territorial stroke to 
plan close monitoring and comprehensive treatment 
(Class I; Level of Evidence C).

2. Triage to a higher level center is reasonable if compre-
hensive care and timely neurosurgical intervention are 
not available locally (Class IIa; Level of Evidence C).

Airway and Mechanical Ventilation
The most common reason for endotracheal intubation and 
mechanical ventilation is a decline in consciousness and an 
inability to maintain a patent airway, leading to inadequate 
ventilation.43,65 Indications for endotracheal intubation are per-
sistent or transient hypoxemia, an obstructing upper airway 
with pooling secretions, apneic episodes, and the development 
of hypoxemic or hypercarbic respiratory failure as measured 
by noninvasive means or an arterial blood gas. Other clinical 
situations that may lead to a need for mechanical ventilation 
are generalized tonic-clonic seizures and recent aspiration.84,85 
The mortality of mechanically ventilated patients after hemi-
spheric ischemic stroke is increased, but most studies were 
performed before decompressive craniectomy.

Rapid sequence intubation is preferred.86 There is no evi-
dence that depolarizing agents or fentanyl, lidocaine, and pro-
pofol are deleterious to the patient. After intubation, the Paco

2
 

should be corrected to normocapnia. Both Pao
2
 and Paco

2
87,88 

goals have been stipulated, but there is marked variation in the 
published literature. Many investigators have advocated for 
normocapnia.76,87,89 There is no evidence of benefit with pro-
phylactic hyperventilation, and there is no published evidence 
of harm with hyperventilation in this population.

In patients who are sufficiently alert to experience discom-
fort from the endotracheal tube, low doses of short-acting 
anesthetics such as propofol or dexmedetomidine can be 

Figure 2. Acute diffusion-weighted images in a 59-year-old 
female patient admitted 4 hours after symptom onset showing an 
infarct of ~90 mL.
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used to avoid marked hypertension, anxiety, or dyssynchrony 
with the ventilator. An adequate mean arterial blood pressure 
should be maintained at all times, although an evidence-based 
target level is not established.

Mechanical ventilation may be needed after decompressive 
surgery. The incidence of tracheostomy in patients with hemi-
spheric stroke with or without decompressive craniectomy is 
not known, but neurological improvement is anticipated, and in 
the absence of an intercurrent infection, liberation from the ven-
tilator may be expected in the first postoperative days. A subset 
of patients with significant swelling may exist in whom it is 
futile to attempt extubation; however, these parameters have 
not been defined. Weaning is dependent on the alertness of the 
patient, among other respiratory physiological parameters, but 
early extubation in patients with a decompressive craniectomy 
for cerebellar infarcts can be problematic because of abnormal 
oropharyngeal function, lack of strong cough, and copious thick 
secretions.90 The presence of a cough and gag reflex and normal 
eye movements may predict successful extubation.91

Airway and Mechanical Ventilation: 
Recommendations

1. Maintaining normocarbia is reasonable (Class IIa; 
Level of Evidence C).

2. Intubation may be considered for patients with 
decreased levels of consciousness resulting in poor 
oxygenation or impaired control of secretions (Class 
IIb; Level of Evidence C).

3. Prophylactic hyperventilation is not recommended 
(Class III; Level of Evidence C).

Hemodynamic Support
Maintenance fluid management in patients with acute hemi-
spheric or cerebellar strokes includes the use of isotonic saline 
and the avoidance of hypo-osmolar fluids. Fluids without dex-
trose are preferred. Some groups have suggested using crys-
talloids and colloids to ensure adequate cerebral perfusion 
pressure63 and normovolemia.5,31,65,92

There are insufficient data to recommend mannitol or hyper-
tonic saline as a preemptive measure in patients with early 
CT swelling, but practices could vary. Some practices may 
switch to mildly hypertonic solutions as maintenance fluids 
(eg, 1.5% saline). Other practices may use an incidental bolus 
of mannitol or hypertonic saline as a bridge to decompressive 
craniectomy. Even if osmotic agents are used, a predefined 
hyperosmolar or hypernatremic target is not established.

Cardiac arrhythmias or worsening of preexisting cardiac 
arrhythmias is common after a large ischemic stroke, par-
ticularly in patients with a cerebellar infarct compressing the 
brainstem or with infarcts involving the insular region.93 Most 
such cardiac arrhythmias are self-limited and do not require 
any intervention. Atrial fibrillation with rapid ventricular 
response often requires pharmaceutical control.

Blood Pressure Management
Acute hypertension is a frequent accompanying clinical sign 
in any stroke. Hypotension is far less common and points 
to an associated medical or surgical problem. Hemispheric 

stroke with marked blood pressure changes may be attribut-
able to unusual circumstances such as an aortic dissection 
or myocardial infarction, and further diagnostic tests might 
be necessary. There is marked variation in set blood pressure 
goals in published studies31,61 or avoidance of antihyperten-
sive agents in the first days.5 However, hypertension, defined 
as systolic blood pressure >220 mm Hg or diastolic pressure 
>105 mm Hg, increases the risk of hemorrhagic transforma-
tion.94 Because of the large variation in practice and the lack of 
data from randomized, controlled trials, specific blood pres-
sure recommendations cannot be made.

Hemodynamic Support and Blood Pressure 
Management: Recommendations

1. Aggressive treatment of worsening cardiac arrhyth-
mias with appropriate medications and continued 
cardiac monitoring is recommended (Class I; Level 
of Evidence C).

2. There are insufficient data to recommend a specific 
systolic or mean arterial blood pressure target. Blood 
pressure–lowering drugs may be considered for the 
treatment of extreme hypertension. Specific blood 
pressure targets are not established (Class IIb; Level 
of Evidence C).

3. Use of adequate fluid administration with isotonic flu-
ids might be considered (Class IIb; Level of Evidence C).

4. Hypotonic or hypo-osmolar fluids are not recom-
mended (Class III; Level of Evidence C).

5. Use of prophylactic osmotic diuretics before appar-
ent swelling is not recommended (Class III; Level of 
Evidence C).

Glucose Management
Hyperglycemia is associated with increased edema in patients 
with cerebral ischemia and with an increased risk of hemor-
rhagic transformation.95–97 The ideal glucose target after a 
large hemispheric stroke is unknown. The European Stroke 
Initiative29 suggested avoiding hyperglycemia defined as 
exceeding a glucose of 180 mg/dL3,4,98 or aiming for glucose 
within normal ranges.31,76,99 A recent randomized study in isch-
emic stroke found an increase in infarct size with aggressive 
control (aiming at glucose <126 mg/dL or <7 mmol/L).100

Glucose Management: Recommendations

1. Hyperglycemia should be avoided, and glucose levels 
between 140 and 180 mg/dL are recommended (Class 
I; Level of Evidence C).

2. Tight glycemic control (glucose <110 mg/dL) is not 
indicated, but an insulin infusion may be used to 
avoid significant hyperglycemia (Class IIb; Level of 
Evidence C).

3. Hypoglycemia should be avoided at all times (Class 
III; Level of Evidence C).

Temperature Management
Fever is uncommon after ischemic stroke and may more often 
indicate early infection rather than a stress response.101,102 
Normothermia is preferred, but therapeutic hypothermia has 
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not been sufficiently studied prospectively. The European 
Stroke Initiative29 has recommended treating temperatures 
>37.5°C.43,87,103–105 Others have stipulated simply avoiding 
hyperthermia (not defined)3,4,98 or aiming for normothermia 
(not defined).31,75 There is insufficient research to recommend 
early hypothermia for the treatment of ischemic stroke.88,106 
Temperature management has evolved, and the use of cooling 
devices has increased. The development of early fever after 
a hemispheric or cerebellar stroke warrants complete assess-
ment for an infectious or a drug-induced cause.

Temperature Management: Recommendations

1. Temperature management is part of basic support, 
and a normal temperature is reasonable (Class IIa; 
Level of Evidence C).

2. The effectiveness of the use of therapeutic hypother-
mia before brain swelling is not known (Class IIb; 
Level of Evidence C).

ICP Management
Clinical deterioration is more often the result of displacement 
of midline structures such as the thalamus and the brainstem 
than of a mechanism of globally increased ICP. There is suf-
ficient evidence that ICP is not increased in the early days 
after presentation with a hemispheric infarct.33,107 There does 
not appear to be any value of ICP monitoring or placement of 
a ventriculostomy in a patient presenting early with a large 
supratentorial swollen hemispheric stroke.107 Even in patients 
with deterioration from cerebral edema, ICP values may 
remain <20 mm Hg, suggesting that displacement from mass 
effect is the likely mechanism. In patients with a cerebellar 
stroke with early swelling, acute hydrocephalus may occur. 
Placement of a ventriculostomy for the treatment of acute 
hydrocephalus in most cases is accompanied by suboccipital 
decompressed craniectomy.108

ICP Management: Recommendations

1. Routine ICP monitoring is not indicated in hemi-
spheric ischemic stroke (Class III; Level of Evidence C).

2. Ventriculostomy is recommended in obstructive 
hydrocephalus after a cerebellar infarct but should 
be followed or accompanied by decompressive crani-
ectomy (Class I; Level of Evidence C).

Miscellaneous Medical Measures
As a result of the substantial risk of hemorrhagic conversion 
or development of an expanding hematoma, it is common 
practice to reverse an increased international normalized ratio 
in a patient on warfarin, but only after carefully judging the 
risks of not anticoagulating the patient. There are no data indi-
cating whether slow reversal of warfarin, for example, discon-
tinuation of warfarin versus use of vitamin K and fresh-frozen 
plasma or other hemostatic agents, decreases the risk of hem-
orrhagic conversion.

Because of the risk of hemorrhagic transformation, the 
combination of aspirin and clopidogrel is typically discon-
tinued.109 Aspirin may be continued. Intravenous heparin is 

avoided, but subcutaneous heparin or low-molecular-weight 
heparin is necessary to prevent deep venous thrombosis, even 
if there is some hemorrhagic conversion or early edema on 
CT scan.

Seizures are uncommon after a hemispheric infarct, but 
any patient with a fluctuating level of consciousness may 
require more prolonged electroencephalography monitoring 
to exclude that possibility. There is no evidence of benefit in 
using seizure prophylaxis.110,111

Miscellaneous Medical Measures: 
Recommendations

1. Deep venous thrombosis prophylaxis with subcutane-
ous or low-molecular-weight heparin should be used 
(Class I; Level of Evidence C).

2. Intravenous heparin or combination antiplatelet 
agents are not recommended in patients with swollen 
strokes (Class III; Level of Evidence C).

3. Seizure prophylaxis in patients without seizures 
at presentation is not indicated (Class III; Level of 
Evidence C).

Recognition of Deterioration
The most commonly described signs in deterioration from 
hemispheric supratentorial infarction are ipsilateral pupillary 
dysfunction, varying degrees of mydriasis, and adduction 
paralysis.2,7,58 Worsening limb power can be seen,29 pro-
gressive to extensor posturing of the extremity.4,58,77,103,112,113 
A Babinski sign contralateral to the hemiparesis as a result 
of brainstem notching against the tentorium can occur.2 
Abnormal respiratory patterns, signaling lower brainstem 
dysfunction, typically occur late in the course; these include 
central neurogenic hyperventilation or ataxic respiratory pat-
terns58 and periodic breathing.2

Generally, deterioration in a supratentorial hemispheric 
infarct may present in 2 ways. Clinically, it may present with 
a gradual progressive rostrocaudal deterioration (development 
of midposition pupils, worsening of motor responses, and 
progression to irregular breathing and death)5,114 or more sud-
denly present with a unilaterally dilated pupil progressing to 
bilateral pupils followed by decreasing motor response from 
localization to flexion rigidity.114

Deterioration in cerebellar infarcts with swelling has 
been defined as clinical signs of brainstem compression 
with neurological deterioration,25,115 brainstem compression 
and obstructive hydrocephalus,26 depression in level of con-
sciousness,26,116 Glasgow Coma Scale score <12 on admis-
sion,25 acute hydrocephalus, rapid deterioration to coma,117 
and Glasgow Coma Scale score decline of ≥2 points.108 
Radiographic deterioration was defined in 1 study as fourth 
ventricular compression and evidence of hydrocephalus.116 
Cerebellar infarcts worsen from brainstem compression, 
and obstructive hydrocephalus is a secondary manifestation 
in most instances. Deterioration from swelling or exten-
sion of the infarct into the brainstem cannot be clinically 
distinguished, but many patients develop pupillary aniso-
coria, pinpoint pupils, and loss of oculocephalic responses. 
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Further brainstem compression may lead to bradycardia, 
irregular breathing patterns, and sudden apnea.

Recognition of Deterioration: Recommendations

1. Clinicians should frequently monitor level of arousal 
and ipsilateral pupillary dilation in patients with 
supratentorial ischemic stroke at high risk for deteri-
oration. Gradual development of midposition pupils 
and worsening of motor response may also indicate 
deterioration (Class I; Level of Evidence C).

2. Clinicians should frequently monitor for level of 
arousal or new brainstem signs in patients with cer-
ebellar stroke at high risk for deterioration (Class I; 
Level of Evidence C).

Medical Options in a Deteriorated Patient
Several immediate measures are needed to treat a deteriorating 
patient. The initial management should focus on reducing the 
space-occupying effects of brain swelling. In the absence of 
increased ICP in patients deteriorating from swelling of supra-
tentorial hemispheric infarcts, measures to reduce ICP may not 
be beneficial. Nonetheless, most studies recommend elevation 
of the head of the bed to 30°.10,33,65,107,118 Osmotic therapy works 
mostly through an osmotic gradient and draws water out of 
neurons into arteries, leading to vasoconstriction and reduced 
cerebrovascular volume. Osmotic therapy has consisted pri-
marily of mannitol and hypertonic saline with varying osmolar 
loads. Mannitol has been used both as a single dose and in 
recurrent bolus form such as mannitol 15 g once119; 0.5 to 1  
g/kg76,120; mannitol 1.0 g/kg70; and 0.5 g/kg every 4 to 6 hours. 
Hypertonic saline has been used at a variety of doses and con-
centrations (3%, 7.5%, 23%).

Other agents that have been used include tromethamine 
buffer at 3 mmol/h3,4,89,121 or 1 mmol/kg body weight bolus.122 
“Hyper HES,” or hypertonic saline and hydroxyethyl starch, 
has been used in multiple forms.87

Only small limited studies have studied the effect of differ-
ent osmotic agents in a randomized fashion. One study70 com-
pared the effects of mannitol (1 g/kg of 20%) and hypertonic 
saline (0.686 mL/kg of 23.4% saline, equiosmolar to manni-
tol) using positron emission tomography to evaluate cerebral 
hemodynamics. Neither agent led to a decrease in cerebral 
blood volume, nor did the degree of increase in cerebral blood 
flow with either agent appear to be mediated by blood pres-
sure. One prospective study123 reported 30 episodes of ICP cri-
sis in 9 patients, randomizing them to 100 mL of hypertonic 
saline–hydroxyethyl starch (75 g/L NaCl and 60 g/L HES) 
or mannitol 40 g over 15 minutes. Treatment was effective in 
all 16 hypertonic saline–hydroxyethyl starch episodes and in 
10 of 14 mannitol episodes. Hypertonic saline–hydroxyethyl 
starch did not raise the cerebral perfusion pressure to the same 
degree as mannitol.

Hypothermia has been used to various degrees and for 
multiple durations such as 34°C to 36°C,76 35°C for 48 
hours,124 33°C,125 and 33°C with an endovascular cooling 
device for 12 to 24 hours.126 Prospective randomized studies 
are currently underway to further evaluate therapeutic hypo-
thermia in patients with cerebral infarcts. Barbiturates have 

been used in a paucity of studies, again with various agents 
and varying doses/durations.89,107 Similarly, neither the dose 
of corticosteroids nor its efficacy has been studied system-
atically, and the dose used in studies varied greatly.127–129 
Corticosteroids have been administered to reduce brain 
swelling, but a recent Cochrane review concluded after 
review of 8 clinical trials that there was no benefit on mortal-
ity or functional outcome.130

Medical Options: Recommendations

1. Osmotic therapy for patients with clinical deteriora-
tion from cerebral swelling associated with cerebral 
infarction is reasonable (Class IIa; Level of Evidence C).

2. There are insufficient data on the effect of hypother-
mia, barbiturates, and corticosteroids in the setting 
of ischemic cerebral or cerebellar swelling, and they 
are not recommended (Class III; Level of Evidence C).

Neurosurgical Options in a Deteriorated 
Patient

Surgical treatment of the swelling associated with cerebellar 
or cerebral infarctions is performed by removal of the skull 
and expansion of the dura to alleviate the volume constraints 
of the cranial vault during the acute swelling phase of the 
infarction. Since the earliest reports of surgical intervention 
for cerebellar infarction in 1956,131,132 it has been repeatedly 
shown that patients who deteriorate neurologically after 
cerebellar infarction benefit from suboccipital craniectomy 
(unilateral or bilateral) with dural expansion. The procedure 
may include resection of infarcted tissue.133 Because the ben-
efits of surgical intervention have repeatedly been apparent, 
no prospective, randomized trials have been pursued. In a 
large series of 84 patients with massive cerebellar infarc-
tion,26 40% required surgical craniotomies, and 17% were 
managed with ventricular drainage. In this series, 74% of 
patients had very good outcomes (modified Rankin Scale 
[mRS] score, 0 or 1).

Three prospective, randomized trials (ie, Decompressive 
Surgery for the Treatment of Malignant Infarction of the 
Middle Cerebral Artery [DESTINY], Decompressive 
Craniectomy in Malignant Middle Cerebral Artery Infarction 
[DECIMAL], and Hemicraniectomy After Middle Cerebral 
Artery Infarction With Life-threatening Edema Trial 
[HAMLET])31,87,98,134 and 14 case series135 have studied 
patients with supratentorial infarctions treated with decom-
pressive craniectomy, usually within 48 hours of stroke onset. 
Three prospective trials showed reduced mortality with hemi-
craniectomy compared with medical management (22% ver-
sus 71% mortality, pooled analysis) in patients <60 years of 
age, but no individual study showed an improvement in the 
percentage of survivors with good outcomes (mRS score, 
0–3), although this improvement (43% versus 21%) was 
noted in a pooled analysis.31,134 There were no survivors in 
either group who were asymptomatic (mRS score, 0) or had 
no significant disability (mRS score, 1). Only 14% of surgi-
cal survivors could look after their own affairs without assis-
tance (mRS score, 2).134 In all clinical trials, it is difficult to 
assess whether the nonsurgical group was treated identically 
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or whether equally aggressive medical measures were initi-
ated. Three prospective, randomized studies have compared 
decompressive craniectomy with conservative therapy. The 
DESTINY study87 used osmotic therapy, including man-
nitol, glycerol, and hypertonic  saline–hydroxyethyl starch, 
as well as other standard conservative measures, including 
blood pressure management, blood glucose control, and pro-
gressive hyperventilation, to decrease PCO2 goals, depending 
on ICP control. The DECIMAL trial98 incorporated eleva-
tion of the head of the bed, fluid restriction, blood pressure 
control, and glucose control and used mannitol or furose-
mide in patients with clinical worsening. HAMLET may 
have had far more aggressive management in the surgically 
treated patients because the medically treated patients were 
admitted to a stroke unit. This trial protocol also included 
recommendations on osmotherapy, intubation and mechani-
cal ventilation, monitoring of ICP, jugular bulb oximetry, and 
blood pressure control with suggested target values. Use of 
these parameters was left to the physicians’ discretion, but 
use remained largely unreported. Osmotic therapy was more 
commonly used in medically treated patients than in patients 
who underwent decompressive craniotomy.31 Technical and 
patient-specific features associated with outcomes of the sur-
gical procedure have been reported.136

Decompressive craniectomy for supratentorial infarction 
with swelling thus results in a reproducible large reduction in 
mortality, but nearly all survivors suffer residual permanent 
disabilities. All prior clinical trials involved patients <60 years 
of age (mean age, 45 years), but it remains unclear whether 
older patients would experience a similar effect. One random-
ized study of 47 patients included patients 18 to 80 years of 
age, with 18 patients 61 to 70 years and 11 patients 71 to 80 
years of age. A significant benefit of surgery was found in this 
small subset of patients >60 years of age (1-year mortality 
reduced from 69.6% to 16.7%) and on poor outcome (1-year 
mRS score >4 reduced from 100% to 37.5%).105 Further data 
will be forthcoming after publication of DESTINY 2, which 
included patients 62 to 82 years of age.

One prospective, randomized study compared 25 patients 
who underwent decompressive craniectomy with hypothermia 
with those who underwent decompressive craniectomy alone. 
Hypothermia to 35°C was initiated immediately after the 
operation for a duration of 48 hours. There was no difference 
in mortality, and a trend toward better clinical outcome was 
seen in patients who underwent combination therapy. Timing 
of decompressive craniectomy remains unresolved, but it is 
generally agreed that the surgery is best undertaken before 
clinical signs of brainstem compression, and all the random-
ized studies were associated with a bony window of ≥12 cm 
in diameter. Technical factors associated with outcome after 
decompressive craniectomy have been studied. It appears to 
be important for ICP reduction to accomplish dural relax-
ation with a large dural augmentation graft. One large series 
found that young patients with very large infarcts (>400 cm3) 
may benefit from temporal lobectomy and even reoperation if 
brainstem decompression is not adequately relieved by bony 
and dural decompression alone.136

Postoperative concerns include wound dehiscence, typi-
cally near the posterior aspect of the large craniectomy flap. A 

substantial proportion of patients may also require tracheos-
tomy and gastrostomy for management in the initial postoper-
ative phase.136 The timing of cranioplasty after decompressive 
craniectomy remains unknown, but the complication rate 
(eg, hydrocephalus, infection) was slightly higher in early 
cranioplasty (within 10 weeks of craniectomy), particularly 
in patients with a ventriculoperitoneal shunt at the time of 
cranioplasty.137 Finally, if bone flap replacement is delayed, 
a communicating hydrocephalus may develop, requiring ven-
triculoperitoneal shunt placement.138 However, wide variations 
in practice remain as to the specific timing of the procedure, 
the neurological deficits required to prompt the intervention, 
and the technical aspects of the dural modification.

There are similar considerations with decompressive sur-
gery (bioccipital craniectomy) in cerebellar swelling. Most 
clinical series have used a combination of clinical and radio-
logic worsening when deciding on surgery. The time inter-
val to surgery does not seem to affect outcome. The value 
of preemptive surgery (ie, when swelling and hydrocephalus 
progress on CT scan in a clinically stable patient) and the best 
neurosurgical approach (ie, removal of necrotic tissue versus 
decompression alone versus decompression and ventriculos-
tomy) are not known.139,140

Neurosurgical Options: Recommendations

1. In patients <60 years of age with unilateral MCA 
infarctions that deteriorate neurologically within 
48 hours despite medical therapy, decompressive 
craniectomy with dural expansion is effective. The 
effect of later decompression is not known, but 
it should be strongly considered (Class I; Level of 
Evidence B).

2. Although the optimal trigger for decompressive 
craniectomy is unknown, it is reasonable to use a 
decrease in level of consciousness and its attribution 
to brain swelling as selection criteria (Class IIa; Level 
of Evidence A).

3. The efficacy of decompressive craniectomy in patients 
>60 years of age and the optimal timing of surgery are 
uncertain (Class IIb; Level of Evidence C).

4. Suboccipital craniectomy with dural expansion should 
be performed in patients with cerebellar infarctions 
who deteriorate neurologically despite maximal medi-
cal therapy (Class I; Level of Evidence B).

Biomarkers
Biomarkers are typically used as determinants of prognosis or 
in the assessment of the risk of developing disease.141 Whereas 
many candidate biomarkers have been evaluated for ischemic 
stroke,142 a smaller subset have potential application in large 
infarctions and swelling.143 Biomarkers for cerebral swelling 
can be broadly categorized into neuroimaging modalities, 
serum markers, or continuous neuromonitoring techniques. 
The radiologic features that serve as surrogates for edema are 
described in detail above. Blood-based biomarkers and con-
tinuous neuromonitoring technologies, if translated into rou-
tine clinical practice, are generally envisioned as an adjunct to 
the overall clinical assessment.
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Serum Biomarkers
Circulating markers that relate to the BBB have been studied 
most extensively, reflecting the central role that the integrity 
of the BBB may play in the development of cerebral edema. 
Edema and hemorrhagic conversion can be viewed as exist-
ing on a spectrum of BBB injury. A key BBB-degrading 
enzyme, MMP-9, has been associated with edema,12 with 
1 study reporting that a concentration of ≥140 ng/mL has a 
64% sensitivity and 88% specificity for predicting infarction. 
Elevated MMP-9 is also associated with an increased risk of 
hemorrhagic conversion,144–146 in accord with the high rates of 
hemorrhagic conversion found in this population.54

Other reports using biomarkers to predict edema include 
cellular fibronectin, a constituent of the basal lamina. Cellular 
fibronectin elevations of >16.6 μg/mL predict edema with 
90% sensitivity and 100% specificity.12 The glial marker 
S100B is released into the bloodstream after ischemic stroke, 
with increasing amounts correlating with infarct size.147,148 
Serum levels >1.03 μg/L at 24 hours are also associated with 
large infarction.9

Other Biomarkers
In addition to circulating proteins, other investigational bio-
markers include invasive intracranial monitoring with microdi-
alysis, flumazenil imaging with positron emission tomography, 
and continuous electroencephalography. Microdialysis probe 
placements adjacent to hemispheric infarcts have revealed 
decreases in extracellular amino acids in infarction com-
pared with nonmalignant edema.61 Similarly, positron emis-
sion tomography imaging with [11C] flumazenil has shown a 
larger volume of irreversible neuronal damage in patients with 
edema.69 Finally, continuous electroencephalography monitor-
ing in the first 24 hours that exhibits a pattern of slow delta 
activity is associated with deterioration.41 Although none of 
these biomarkers have reached usefulness in clinical practice, 
they may offer insights into the pathophysiology of brain edema 
and warrant further investigation. The difficulty of translating 
biomarkers into clinical practice is not unique to large infarc-
tion,149,150 with substantial attrition being a common finding.149 
Future work in biomarkers for edema and stroke needs to focus 
on prospective validation in independent cohorts and the devel-
opment of rapid and reliable testing methodologies.

Biomarkers: Recommendations

1. The usefulness of serum biomarkers as predictors of 
ischemic brain swelling is not well established (Class 
IIb; Level of Evidence C).

2. The usefulness of electrophysiological studies as pre-
dictors of deterioration after a hemispheric stroke is 
not well established (Class IIb; Level of Evidence C).

Outcome and Family Discussion
Mortality after large ischemic strokes with cerebral edema has 
remained between 20% and 30% despite medical and surgical 
interventions. The vast majority of patients with a hemispheric 
ischemic stroke are markedly disabled. Approximately one 
third of the patients are unable to walk without assistance 
and need continuous nursing care. The initial experience with 

outcome assessment does not identify a major difference in 
outcome between a dominant or nondominant hemispheric 
stroke.151–157 Outcome assessed years after hemispheric stroke 
is not available, but continuously improving quality of life has 
been described.158 There is a discrepancy between physical 
disability and quality of life, with many patients and families 
rating a good quality of life despite severe functional handicap. 

Decision making is shared between physicians and fami-
lies, and discussion is of paramount importance. Families 
have the burden of predicting what the patient would want in 
this situation, but that usually is the best guide for decision 
making. In discussion with family members, it is important 
to discuss the possibility of depression, lack of initiative, irri-
tability, disinhibition, and being wheelchair-bound. Simple 
designations such as “survived but handicapped,” “survived 
but walks with a cane,” or “cannot tell” are ambiguous and 
not helpful in decision making. Families could be told that 
when their loved one is <60 years old and decompressive 
craniectomy is performed within 2 days after a supratentorial 
ischemic stroke, nearly 3 of 4 patients survive, but nearly half 
will be severely disabled and nearly half will also be suffering 
from depression.159 If their loved one is >60 years old, good 
information is lacking, and our expectations may not be as 
high as for younger patients.

The outcome after a cerebellar hemispheric stroke is often 
good if there has been no evidence of brainstem infarction,139,140 
and the decisions in this situation are much less problematic. 
Prior severe comorbidity or advanced age may factor into the 
decision to proceed with surgery.

Outcome and Family Discussion: Recommendations

1. Clinicians may discuss with family members that half 
of the surviving patients with massive hemispheric 
infarctions, even after decompressive craniectomy, 
are severely disabled and a third are fully dependent 
on care (Class IIb; Level of Evidence C).

2. Clinicians may discuss with family members that the 
outcome after cerebellar infarct can be good after sub-
occipital craniectomy (Class IIb; Level of Evidence C).

Summary
Strokes that swell require immediate close attention, and medi-
cal and surgical options have been proposed. The main princi-
ples have been well defined and involve avoidance of permanent 
brainstem injury from brain tissue shift. Therefore, any mea-
sure that relieves compression is warranted. Medical options 
have not been validated well, but neurosurgical management 
of hemispheric supratentorial strokes has been tested prospec-
tively in clinical trials. Decompressive craniectomy reduces 
mortality by reducing progression to brain death and reduces 
the probability of permanent coma that eventually may lead to 
de-escalation of care and death. In surviving patients, morbidity 
can be substantial in a third of the patients, but the remaining 
patients have good potential for recovery after rehabilitation.

Future Directions
There are many gaps in our knowledge of the recognition, 
management, and prognostication of patients with a swollen 
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stroke, and an urgent agenda is suggested for research in this 
area. Brain swelling is the cause of significant neurological 
morbidity and mortality in acute brain injury, yet fundamen-
tal, basic research in this area with immediate clinical rele-
vance has been lacking.

The mechanistic basis of edema formation after ischemia 
remains to be clarified. Future work should identify other 
biological mediators, the role of intracellular and vascular 
sources of swelling, and the time course of relative contribu-
tions. In this population, the role of recombinant tissue-type 
plasminogen activator in swelling is also not known and is of 
direct clinical relevance.

Clinical areas of uncertainty, including the incidence of 
significant swelling after ischemia and the assessment of 
ongoing swelling, need clarification. In addition, a major 
priority for research should be an improved understanding 
of the relationship between edema and outcome, if any, inde-
pendently of and in conjunction with infarction. The roles of 

vessel occlusion, collateral circulation, and perfusion status 
in edema formation are also unknown, especially in patients 
who receive intravenous or endovascular reperfusion therapy. 
There is a tremendous gap in clinically available neuroimag-
ing that quantitatively identifies, in a manner similar to DWI 
infarct volumes, brain swelling after ischemia and other surro-
gates for swelling. Early, sensitive, and specific neuroimaging 
markers of cerebellar swelling are also needed.

Clarification of critical care neurology practice, including 
the effects of endotracheal intubation, sodium, glucose, and 
fluid management strategies, and temperature modulation is 
also needed. Patient factors, including age and timing, must 
be identified for optimal decompressive craniectomy selec-
tion, as well as the optimal trigger (neurological deterioration 
versus prophylaxis). Finally, to advance novel therapeutic and 
management strategies, the development and validation of 
patient-centered outcome measures that incorporate the sever-
ity of illness are urgently needed.
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