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Abstract
Purpose of review  To provide an updated summary on the diagnosis and treatment of 
patients with malignant cerebral edema after ischemic stroke.
Recent findings  The risk of malignant middle cerebral artery (MCA) stroke is highest in 
young patients with large vessel occlusion and unsuccessful revascularization. Several 
scores are available for risk stratification. Treatment includes supportive care, close neuro-
logic monitoring, and hyperosmolar therapy. Yet, the main therapeutic decision is whether 
to proceed with decompressive craniectomy. Multiple randomized clinical trials and sev-
eral meta-analyses have demonstrated that decompressive hemicraniectomy is the single 
most important intervention associated with survival. Survivors may face severe disability 
regardless of surgical treatment, and the definition of acceptable outcome in this context 
remains elusive.
Summary  Malignant MCA infarcts are life-threatening and invariably cause disability, most 
often severe. Neurologic deterioration requires airway management and hyperosmolar 
therapy. Decompressive hemicraniectomy is a lifesaving procedure; approximately 50% of 
surgically treated patients younger than 60 years can regain independent ambulation, and 
one nearly in five may become functionally independent at 1 year. Older patients face a 
much worse functional prognosis; surgical decisions in these patients should be assessed 
case by case.

Published online: 19 April 2024

http://crossmark.crossref.org/dialog/?doi=10.1007/s11940-024-00793-8&domain=pdf


Curr Treat Options Neurol (2024) 26:243–259

Case

A patient in the fourth decade of life with no signifi-
cant medical history was found down with global 
aphasia, right-sided hemiplegia, and homonymous 
hemianopsia. The patient had been seen normally 
36 h prior. Initial non-contrast computed tomogra-
phy (CT) revealed an established left middle cerebral 
artery territory infarction (Fig. 1B–C). The left inter-
nal carotid (ICA) and middle cerebral arteries (MCA) 
were occluded, as evidenced by the hyperdense arteries 
(arrows in Fig. 1A). A CT angiogram revealed an ICA 
dissection with thrombus propagation into the ipsilat-
eral MCA (image not shown). Over the next 24 h, the 
patient developed progressive somnolence. A repeat CT 
head showed an evolving MCA infarct with increas-
ing mass effect over the ipsilateral ventricular system 
(Fig. 1D–F). The following day, the patient’s level of 
consciousness further deteriorated, requiring sustained 
noxious stimulation to achieve eye-opening. A new CT 
head (Fig. 1G–I) showed increased cerebral edema and 
worsening mass effect, with a rightward midline shift 
of 11 mm. This was associated with marked compres-
sion of the left lateral ventricle and third ventricle. 
There were signs of early hydrocephalus with mild 

enlargement of the right temporal horn (Arrows in 
Fig. 1G and H). The patient was intubated, received a 
bolus of 23% hypertonic saline, and was emergently 
taken to the operating room for decompressive hemi-
craniectomy with no complications. A postoperative 
CT head showed appropriate cerebral decompression 
with a slightly improved midline shift. (Fig. 2A) The 
next day, the patient’s mental status improved signifi-
cantly. Seven days later, he was discharged to inpatient 
rehabilitation, and home 1 month after. On discharge, 
the patient required assistance for transfers and bodily 
needs but could stand with help for 40 s (modified 
Rankin scale [mRS] 4). Severe hemiparesis, aphasia, 
and right homonymous hemianopia persisted. The 
patient continued to improve with outpatient reha-
bilitation and underwent cranioplasty without com-
plications (Fig. 2B). One year after surgery, the patient 
could walk up to 4 blocks without assistance and com-
municate with others despite severe expressive aphasia 
(mRS 2). Unfortunately, the patient developed medi-
cally refractory epilepsy with numerous hospitaliza-
tions and severe spasticity requiring regular botulinum 
toxin injections.

Introduction

The term malignant MCA infarction was introduced in 1996 to describe a 
group of patients with large hemispheric strokes who develop progressive 
cerebral edema leading to neurologic deterioration, brain herniation, and 
death [1]. This life-threatening complication affects about 10% of patients 
with hemispheric strokes within 5 days of presentation, and it is associated 
with a mortality rate as high as 80% [1, 2, 3•]. The risk increases with the size 
of infarcted brain tissue, and it is more frequent in young patients with “full 
brains” and lower cerebral compliance. Several observational studies have 
analyzed the risk factors for the development of malignant cerebral edema, 
and nine randomized clinical trials examined the value of decompressive 
hemicraniectomy in this population. Although the treatment is multifactorial, 
decompressive hemicraniectomy is by far the single most important interven-
tion to improve survival [4••]. Yet, survivors may face severe disability. Defin-
ing acceptable outcomes in this context and identifying ideal candidates for 
surgery are still a matter of debate.

In this manuscript, we present an updated, evidence-based approach for 
the evaluation and treatment of malignant MCA infarction.
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Fig. 1   Evolution of malignant MCA infarction. A–C Initial non-contrast CT scan. Arrows in A show the hyperdense ICA and 
MCA signs, suggesting acute arterial occlusion. D–F Non-contrast CT scan at 24 h. G–I Non-contrast CT scan at 48 h. Arrows 
in G and H point to the dilated temporal horn of the right lateral ventricle.
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Malignant middle cerebral artery strokes: natural history

Space-occupying brain edema is the leading cause of death within the first 
week after a stroke.

Initially, patients present with a complete middle cerebral artery syn-
drome, including severe hemiparesis, hemianopia, and gaze palsy [1]. The 
presence of aphasia depends on the affected side and hemispheric domi-
nance; hemineglect is often present, especially in right hemispheric strokes. 
As edema evolves, there is a progressive decline in the level of consciousness. 
Although maximal brain swelling occurs 3 to 5 days after the stroke, most 
patients experience neurologic deterioration within 24–48 h of the ischemic 
event [5]. Pupillary asymmetry (ipsilateral or less often contralateral) can 
be seen as soon as 17 h after stroke symptom onset, and it is often revers-
ible with anti-edema measures, at least initially [1]. Without decompressive 
surgery, fixed pupillary dilation follows, usually between 1 and 7 days after 
symptoms onset (median 3 days). Bilateral permanent pupillary dilatation 
occurs approximately 24 h after initial pupillary changes. Bilateral motor 
signs are uncommon; they occur in 12% of these individuals at some point 
in their clinical evolution [1]. Earlier peak of brain edema (days 2–4 vs. 3–7) 
seems to be associated with higher mortality [1].

This clinical evolution has a clear pathophysiological correlation, with 
edema formation encompassing three distinct phases. Initially, energy fail-
ure alters the function of neuronal and glial ionic pumps causing cytotoxic 
edema of neurons and astrocytes. This also creates an ionic gradient between 
the vascular and interstitial compartments that ultimately drives water 
from the blood and cerebral spinal fluid (CSF) into the interstitium (ionic 
edema). If blood flow is not restored, blood–brain barrier breakdown follows 
4–6 h later, allowing water and plasma proteins to leak into the interstitial 

Fig. 2   Decompressive hemicraniectomy. A Postoperative non-contrast CT. B FLAIR-weighted magnetic resonance imaging 
one year after hemicraniectomy.
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compartment (interstitial edema). These processes are further exacerbated 
by dysfunction of the glymphatic system and transcellular and paracellular 
transport pathways which fail to clear interstitial solutes. Lastly, circulating 
leukocytes accumulate in the infarcted and adjacent tissues, releasing inflam-
matory factors that cause secondary blood–brain barrier disruption. In turn, 
neuroinflammation contributes to worsening edema formation [6].

Risk factors for the development of malignant MCA stroke

Patients with severe hemispheric syndromes from a distal ICA or proximal 
MCA occlusion who have ischemic changes involving > 50% of the MCA terri-
tory on CT within 12 h of symptoms onset are more likely to develop massive 
hemispheric edema in the following 24 to 72 h [1]. Also, diffusion-weighted 
magnetic resonance imaging (DWI-MRI) volumes > 80 mL within 6 h [7] 
and > 145 ml within 14 h of stroke onset predict a malignant evolution [8].

In a meta-analysis of 31 cohort and 7 case-control studies (n = 3278), 
younger age, higher admission National Institutes of Health Stroke Scale 
(NIHSS) scores (17–20 for patients with malignant cerebral edema, as 
compared to 5–15 for those without this complication), and hypoattenu-
ation involving > 50% of the MCA territory on initial CT (OR = 5.33; 95% 
CI, 2.93–9.68) were associated with the development of malignant cerebral 
edema [2]. CT hypoattenuation was reliable as early as within 6 h and up 
to 40 h after symptoms onset. Depressed level of consciousness, gaze palsy, 
nausea or vomiting, and the need for mechanical ventilation were additional 
clinical features associated with a higher risk of malignant cerebral edema 
[2]. Further analysis of brain imaging revealed that more proximal arterial 
occlusions (OR, 4.89; 95% CI, 2.77–8.64), longer extension of the occlusion 
(OR, 3.78; 95% CI, 1.96–7.28), and tandem occlusions (OR = 4.05; 95% CI, 
2.24–7.34) are additional risk factors [2]. On the other hand, arterial revascu-
larization (OR = 0.37; 95% CI, 0.24–0.57) and brain atrophy were associated 
with a lower risk of malignant edema. Although age-related brain atrophy 
possibly mediates the protective effect of age on the development of brain 
edema, the exact age cutoff for protection and whether age is an independent 
protective factor for malignant edema deserve further research [2].

Scoring systems

Most available prediction models for malignant MCA stroke are limited by 
their retrospective design, small sample sizes, and lack of external validation 
[9–13] (Table 1). The DASH score, for example, requires MRI and quantifi-
cation of collateral flow, information that may not be widely available [13]. 
The INTEP-AR score was developed in a multicenter prospective study and 
addressed most of these limitations [3•]. Among 2183 patients with CT within 
24 h, 232 (10.6%) developed malignant brain edema. In the derivation cohort 
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(n = 1627, 11.7% developed malignant edema), higher NIHSS (OR = 1.09, 
1.06–1.12), large infarct defined as ≥ 50% of the territory of MCA, anterior 
cerebral artery (ACA) or posterior cerebral artery (PCA) (OR = 40.90, 95% CI 
20.20–82.80), pneumonia (OR = 2.47, 1.53–3.97), intravenous thrombolysis 
(OR 2.11, 1.18–3.78), and endovascular treatment (OR = 2.87, 1.47–5.59) 
were associated with the development of malignant MCA infarcts. Brain atro-
phy (OR = 0.57, 0.37–0.86) and arterial recanalization (OR = 0.36, 0.17–0.75) 
were associated with a reduced risk [3•]. The score was built with these vari-
ables ranging from − 1 to 20, and a score ≥ 10 had good discrimination and 
calibration for malignant MCA infarct in the derivation (n = 1627, 11,6% had 
malignant edema, AUC 0.89, 0.87–0.92; sensitivity 0.95, 0.92–0.98) and 
validation (n = 556 patients, 7.7% had malignant brain edema, AUC 0.88, 
0.82–0.95; sensitivity 0.84, 0.73–0.95) cohorts [3•]. The analysis of estimates 
for each variable indicates that stroke size is the single most important vari-
able associated with increased risk for the development of malignant edema.

All predictive models that include imaging data are built on a one-time 
assessment of initial CT or MRI. Reduction in CSF volume from baseline to 
follow-up CT scan is closely related to midline shift at nadir [14]. Remarkably, 
the majority of CSF volume reduction occurs within 24 h from stroke onset, 
providing earlier insights than the midline shift that typically peaks much 
later. The reduction in CSF volume is significantly associated with the onset 
of malignant cerebral edema [14]. In one study, the risk of cerebral edema 
increased by 76%, and the risk of poor outcome and neurological deteriora-
tion increased by 34% for every 10% change in CSF volume within 24 h [15].

Radiomics based on the texture analysis of CT images that quantifies the 
heterogeneity of macroscopic cerebral tissue [16] and neural networks utiliz-
ing the ratio of cerebral spinal fluid volume displacement between the two 
hemispheres over time [17] appear as promising prognostic tools but need 
further development and validation. Machine-learning models combining 
CSF volume, CSF-to-cranial volume ratio, midline shift, and infarct-related 
hypodensity volume at baseline and 24 h may also increase the identification 
of patients at higher risk of malignant cerebral edema [18].

Treatment
General measures

Malignant MCA infarcts progress fast and usually require airway management; 
hence, patients at high risk should be monitored and treated in an intensive 
care unit. General measures for all patients include head-of-bed elevation 
to optimize intracranial venous drainage, normonatremia, normothermia, 
normocarbia, and adequate pain control. Intracranial hypertension com-
promises cerebral perfusion pressure. Thus, although treatment of extreme 
arterial hypertension may be needed, aggressive blood pressure lowering is 
ill-advised. Hourly neurologic examinations are required to identify a decline 
in mental status and early pupillary changes. Automated pupillometry can 
detect subtle changes imperceptible to the human eye. The neurological pupil 
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index (NPi) quantifies pupillary size, latency, and velocity of contraction in 
a single number that ranges from 0 to 5; a score of < 3 indicates abnormal 
pupillary reactivity. This measurement has been associated with the develop-
ment of malignant cerebral edema in post-thrombectomy patients [19]. Also, 
constriction and re-dilation velocities are slower, and the percentage change is 
smaller in patients who develop malignant cerebral edema after mechanical 
thrombectomy [20].

Serial CT scans complete the clinical evaluation by allowing assessment of 
the progression of brain edema, midline shift, and development of obstruc-
tive hydrocephalus. Midline shift at the level of the pineal gland indicates 
brainstem compression and has been shown to have the strongest correlation 
with decreased level of consciousness [21]. Imaging data in combination with 
the patient’s age, comorbidities, clinical evolution (particularly including the 
time from symptom onset), and personal preferences should be considered 
when deciding whether to proceed with surgical decompression and, if sur-
gery is offered, when to take the patient to the operating room.

Intracranial pressure monitoring
Invasive intracranial pressure (ICP) monitors often fail to detect early neu-
rologic deterioration in patients with focal hemispheric lesions. This was 
first demonstrated by Jeffrey Frank in 19 patients with hemispheric stroke 
(14 had complete MCA and five complete ICA infarcts). ICP monitors were 
ipsilateral intraparenchymal in 12 cases, contralateral intraventricular in five, 
and ipsilateral epidural in two. Only five patients had ICP > 15 mmHg at the 
time of initial deterioration of consciousness [22]. Schwab et al. [23] con-
firmed these findings in 48 patients with malignant MCA/ICA infarcts (all 
had ipsilateral epidural monitors, and seven had additional contralateral 
epidural monitors). The mean initial ICP was 18.9 mmHg. Patients with 
midline shifts greater than 10 mmHg had ICP recordings > 30 mmHg and 
were unlikely to survive. Most patients had pupillary asymmetry before ICP 
increased to > 25 mmHg, and clinical signs of herniation were always present 
before a major ICP increase [23]. Unilaterally or bilaterally dilated and fixed 
pupils preceded ICP increases above 35 mmHg. The existence of cranial com-
partments explains the development of pressure gradients from unilateral 
lesions causing cerebral herniation prior to a global increase in ICP. Hence, 
ICP monitors are not routinely recommended for the monitoring of patients 
with hemispheric strokes [24]. When ICP monitors are used, ICP measure-
ments should supplement but never replace serial neurological examinations 
and brain imaging.

Hyperosmolar therapy
Hyperosmolar therapy is safe and effective for the treatment of intracranial 
hypertension from different etiologies [25]. In patients with malignant hemi-
spheric strokes, it can reverse initial brain herniation and ICP surges, and it is 
usually combined with other measures such as hyperventilation (target PCO2 
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30–35 mmHg for 30 min) and sedation (propofol, midazolam, barbiturates). 
However, its effectiveness is unlikely to be sustained without timely cerebral 
decompression. In essence, it primarily serves as a life-saving measure to 
mitigate brain herniation until surgical intervention can be pursued [1]. Based 
on our experience, administration of serial boluses of hypertonic saline or 
mannitol may be sufficient to avoid herniation without decompressive sur-
gery in some selected patients with gradual worsening of brain edema who 
manifest mild decline in their level of consciousness by days 4–5. However, 
meticulous patient selection, vigilant monitoring, and a well-defined rescue 
surgical strategy are imperative. Also, hyperosmolar therapy may need to be 
continued until brain edema eases in patients who experience neurologic 
decline after decompressive hemicraniectomy. We favor intermittent boluses 
over continuous infusions to mitigate neuronal adaptation to a sustained 
hyperosmolar state. This process involves the increase of osmotically active 
particles (such as electrolytes, organic substances, and idiogenic osmoles) 
within neurons, thus reducing the osmotic gradient between the vascular and 
intracellular compartments. The adaptation begins a few hours after initiation 
of hyperosmolar therapy, and it is maximally effective 24–48 h later [26]. For 
the same reason, and to avoid rebound intracranial hypertension, we taper 
hyperosmolar therapy when used regularly for 48 h or more.

There is no data to support the superiority of hypertonic saline over man-
nitol or vice versa, particularly for patients with ischemic brain edema. Most 
studies addressing this matter included patients with traumatic brain injury; 
they are limited by their retrospective nature, small sample sizes, and the 
absence of equiosmolar doses of both substances for direct comparison [27]. 
The intact blood–brain barrier is impermeable to both substances, as indi-
cated by coefficients of reflection of 0.9 for mannitol and 1 for hypertonic 
saline (with 0 indicating complete permeability and 1 indicating complete 
impermeability). Hence, in clinical practice, the choice depends on avail-
ability, convenience of administration (central access historically required 
for hypertonic saline), and side effects [28]. Mannitol is classically associ-
ated with volume depletion and increased risk of renal failure (which can be 
minimized with careful volume repletion and by maintaining an osmolar 
gap below 20 mOsm/kg), and hypertonic saline with congestive heart failure, 
hypernatremia, and hyperchloremic acidosis [28]. The theoretical concerns 
that osmotic agents may accumulate within areas of the injured brain tissue, 
due to the increased blood–brain barrier permeability in those regions, and 
consequently exacerbate deleterious pressure gradients, are not substantiated 
by clinical experience.

Decompressive hemicraniectomy
The first case series about decompressive hemicraniectomy for the treat-
ment of malignant middle cerebral artery infarction was published in 1956 
[29]. Since then, this approach has emerged as the foundation for the treat-
ment of malignant MCA stroke. The surgical technique has been refined 
and several studies have proven the lifesaving effect of timely brain decom-
pression. For optimal results, it is typically recommended to perform a 
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frontal–temporal-parietal decompressive hemicraniectomy with durotomy, 
measuring at least 12 cm in length and 9 cm in height. While temporal lobec-
tomy can be added, it is not routinely performed [30].

Between 2007 and 2021, nine randomized clinical trials have studied the 
value of decompressive hemicraniectomy in patients with malignant middle 
cerebral artery infarctions [31–38] (Table 2). One of them, the Decompres-
sive Surgery for the Treatment of Malignant Infarction of the Middle Cerebral 
Artery: a Randomized, Controlled Trial in a Turkish Population (DEMITUR) 
trial, was completed in 2007, published in 2021, and withdrawn shortly after 
[39]. Hence, it will not be discussed here. The DEMITUR trial had the largest 
sample size of all trials (n = 151) and included a significant proportion of 
patients aged 60 years or more (n = 88) who had remarkably good functional 
outcomes (> 66% achieved a mRS ≤ 3), affecting the results of subsequent 
metanalysis that included its results [4••, 40••]. The remainder 8 trials differ 
in their inclusion criteria (age, time from symptom onset to randomization, 
imaging findings, severity of symptoms at randomization, and pre-stroke dis-
ability) and primary outcome. All but 2 studies [31, 35] (likely due to their 
small sample sizes) consistently showed robust mortality benefits with hemi-
craniectomy. Individually, most trials failed to detect a benefit to achieve the 
primary outcome when it was defined as functional independence (mRS ≤ 3) 
at 3 to 12 months. The exceptions were those trials that included mRS 4 in 
the good outcome category [33, 34]. The two most recent meta-analyses have 
corroborated an 80% reduction in mortality and moderate (mRS > 3) and 
severe (mRS > 4) disability associated with surgical intervention [4••, 40••]. 
A patient-level data metanalysis also reported a benefit of surgical treatment 
to achieve functional independence (mRS ≤ 3) at 1 year (absolute risk differ-
ence, 21%; 95% CI, 9–33; adjusted OR, 2.95; 95% CI, 1.55–5.60) [4••]. The 
benefit of decompressive hemicraniectomy in people younger than 60 years 
is clear. An individual patient data metanalysis of the Hemicraniectomy After 
Middle Cerebral Artery infarction with Life-threatening Edema Trial (HAM-
LET), sequential-design, multicenter, randomized, controlled trial of early 
decompressive craniectomy in malignant middle cerebral artery infarction 
(DECIMAL), and Decompressive Surgery for the Treatment of Malignant 
Infarction of the Middle Cerebral Artery (DESTINY) trials (n = 93) showed 
that the number needed to treat (NNT) to save one life is 3 and to help one 
patient to achieve functional independence 4. Overall, decompressive surgery 
doubles the chances of functional independence (mRS ≤ 3 43% vs 21%) [4]. 
In meta-analyses, the benefits were not offset by age (> 60 years), time from 
ictus, presence of aphasia, or involvement of an additional vascular territory 
[4••, 40••].

Yet, age does matter when it comes to functional outcomes after decom-
pressive hemicraniectomy for massive hemispheric strokes. Real-world data of 
188 patients who underwent decompressive hemicraniectomy for malignant 
MCA infarcts from 8 neurosurgical departments revealed that age > 50 years 
had an unfavorable impact on survival and favorable outcome; 35% of the 
patients ≤ 50 years of age achieved a Glasgow outcome scale (GOS) score of > 3 
(severe disability), as compared with 12% of the older population [42]. In a 
systematic review of observational studies, 80% of 75 post-hemicraniectomy 
patients older > 50 years of age were dead or severely disabled at a minimum 
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follow-up of 4 months compared with 32% of 63 patients ≤ 50 years of age 
[43]. Per protocol, four randomized clinical trials allowed patients older than 
60 years of age, but only (Table 2) the Decompressive Surgery for the Treat-
ment of Malignant Infarction of the Middle Cerebral Artery II (DESTINY 
II) had adequate sample size to draw conclusions. In this trial, only 6% of 
patients aged over 60 years achieved a mRS of ≤ 3 post-surgery [4••]. Although 
2 meta-analyses claim the benefit of decompressive hemicraniectomy to 
achieve functional independence irrespective of age, their results should be 
analyzed with caution given the inclusion of the withdrawn DEMITUR trial. 
Also, in these studies, age was handled as a continuous variable and the esti-
mates of treatment outcome in higher age decades were imprecise due to the 
low number of observations [4••, 33].

The ideal timing for hemicraniectomy has also been extensively debated. 
Although most decompressive hemicraniectomy studies included patients in 
the first 48 h after stroke symptoms onset, they do not negate the benefit in 
patients who declined later. This is supported by retrospective data indicat-
ing a benefit of surgical treatment up to 72 h after symptoms onset [44]. In 
this study, the associations between the timing of surgery and outcomes were 
only present in patients with cerebral herniation [44]. In other words, hemi-
craniectomy should be considered after 48 h if herniation has not occurred.

Decompressive hemicraniectomy has complications in up to 54% of 
patients [45, 46]. When insufficiently large, brain herniation occurs causing 
tissue damage and venous compression with venous infarcts and hemor-
rhages [45]. The prevalence of seizures in post-craniectomy patients can be as 
high as 60% [47]. The syndrome of trephined or sinking skin flap syndrome 
presents with sensorimotor language or cognitive deterioration after craniec-
tomy and can include paradoxical herniation when most severe. Although its 
pathogenesis is not completely understood, the effect of atmospheric pres-
sure on the brain seems to play a role. Its incidence ranges widely from 1% 
in older studies to 65% in more recent prospective ones, a difference that is 
likely due to the use of more inclusive diagnostic criteria in the newer studies 
[48•]. The acute treatment consists of placing the patient in reverse Trende-
lenburg and discontinuing CSF diversion if ongoing; these interventions are 
only a bridge to cranioplasty, which should be pursued as soon as feasible. 
Communicating hydrocephalus, subdural, epidural, and extracranial fluid 
collections and CSF leaks can also occur in these cases, generating additional 
mass effects, impairing wound healing, and increasing the infection risk [45, 
46]. Between 5 and 15% of patients with decompressive craniectomy require 
ventriculoperitoneal shunt placement, which is also associated with long-
term risk of dysfunction and infection [46]. The reported complication rates 
after cranioplasty can be as high as 35%, and one in four patients may require 
revision surgery due to infection, bone resorption, abnormal wound healing, 
and hematomas [49]. The ideal timing of cranioplasty is unclear, with some 
observational studies showing a higher complication rate with early (within 
8–12 weeks) versus late (> 12 weeks) bone replacement [50].
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Prognosis

Hemispheric strokes represent profoundly debilitating conditions, irrespec-
tive of the development of malignant cerebral edema. Without decompressive 
hemicraniectomy, the mortality rate ranges between 68% in metanalyses of 
randomized clinical trials and 78% in prospective cohorts, despite maximal 
medical treatment. A real-world practice multicenter study of 232 patients 
with malignant MCA stroke (18% received tPA, 39% had endovascular treat-
ment [60% achieved successful recanalization] and 10% decompressive 
hemicraniectomy) showed that 65% had died by 30 days. The occurrence 
of unfavorable outcomes (mRS ≥ 3) at 3 months and 1 year was 97% and 
95%, respectively [3•]. In people younger than 60 years without other major 
comorbidities and with good pre-stroke functional status, hemicraniectomy 
increases survival from 20 to 80% and doubles the odds of walking with-
out assistance while increasing 10 times the odds of requiring assistance to 
walk and attend to own body needs; it does not increase the odds of severe 
disability (defined as being bedridden, incontinent, and requiring constant 
cares) [41]. In people older than 60, hemicraniectomy increases survival from 
20 to 60%, but the odds of walking unassisted do not improve; the odds of 
requiring assistance to walk and attend own body needs triples, and the odds 
of severe disability doubles [33].

In this context, the definition of a good outcome for malignant MCA 
stroke survivors is a highly debated topic, with some advocating to include 
mRS 4 as a good outcome given the devastating nature of this condition. In 
a multicenter survey of 355 stroke survivors and 199 relatives, around 80% 
of respondents considered mRS ≤ 2 an acceptable outcome. Yet, a mRS of 3, 
4, and 5 was also considered acceptable by 56%, 24%, and 7% of respond-
ents, respectively. Relatives usually considered acceptable higher mRS scores 
than patients, and older respondents more often declined decompressive 
hemicraniectomy as a treatment option [51]. A similar survey among 627 
nurses found that 90% considered mRS ≤ 2 a good outcome, while 60%, 15%, 
and 1.6% considered mRS 3, 4, and 5 as acceptable, respectively. Only 30% 
would consider hemicraniectomy as a treatment option, and older nurses 
more often declined the option of hemicraniectomy, irrespective of the pres-
ence of aphasia [52]. Randomized clinical trials and subsequent metanalyses 
suggest a consistent benefit from hemicraniectomy regardless of hemispheric 
dominance and the presence of aphasia [4••, 40••]. However, outcome assess-
ment by the mRS score does not fully address several quality-of-life domains 
or the impact of aphasia. This is relevant because aphasia is independently 
associated with increased length of stay and complications during acute 
stroke admissions and is more likely to produce a poor functional outcome 
than hemiparesis [53]. In different surveys, aphasia was cited as an important 
factor when deciding whether to accept hemicraniectomy by 46% of stroke 
survivors and 39% of their relatives [51], as well as one-third of 627 nurses 
[52]. On the other hand, aphasia can recover significantly, though it requires 
longer rehabilitation time; young age has been reported to be the single most 
important predictor of aphasia improvement after hemicraniectomy [54].
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In a systematic review of post-hemicraniectomy stroke survivors (n = 156, 
41% had mRS ≤ 3 and 47% had mRS ≤ 4 at a mean follow-up of 19 months) 
quality of life decreased by 45%, while 56% had moderate and 25% severe 
depression [55]. Yet, 77% of patients or caregivers were satisfied with the 
outcome and would give consent for hemicraniectomy again [55]. Patients 
older than 60 years of age seem to have a lower quality of life in comparison 
with younger patients [56].

The subject is complex, and no study can completely outline what a good 
outcome is, mostly considering that the definition of an acceptable outcome 
differs among patients and cultural backgrounds. Hence, an individualized 
approach and shared decision-making are imperative.

For all these reasons, we clearly explain to patients and decision-makers the 
specific deficits expected from the stroke including aphasia, neglect, sensory 
deficits, weakness, hemianopia, and cognitive changes, regardless of potential 
mRS benefits of the surgical intervention. We also reinforce the need for exten-
sive rehabilitation efforts to achieve the best functional state and describe the 
potential complications of the surgery.

Conclusions

Malignant MCA infarcts cause progressive neurologic deterioration and 
herniation, with high mortality and disability. Patients at high risk of this 
complication (young patients with large artery occlusions and high NIHSS 
within 48 h of stroke onset) should be monitored in an intensive care unit 
and have serial neurologic examinations and head CT. Neurologic deteriora-
tion requires airway management and hyperosmolar therapy. Decompressive 
hemicraniectomy is a lifesaving procedure and patients younger than 60 years 
can achieve meaningful functional recovery. Recovery is less favorable in older 
patients, and the decision of whether to proceed with surgical decompression 
should be assessed carefully on a case-by-case basis in these instances.
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