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Decompressive craniectomy, ICP monitoring and secondary
necrosectomy as treatment options in patients presenting
with malignant ischemic infarctions extending beyond the middle
cerebral artery territory
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The term “malignant” is commonly used for large space-
occupying middle cerebral artery (MCA) infarcts. They com-
prise 1–10% of all supratentorial strokes, may be more com-
mon in females and typically present at a younger age com-
pared to other forms of ischemic stroke [1]. In the infarcted
brain regions, a profound brain edema develops resulting in
midline shift, compression of the basal cisterns and increased
intracranial pressure (ICP). Using best medical management,
mortality exceeds 80% in most clinical series. Decompressive
craniectomy (DC), i.e., removal of a large bone flap over the
infarcted area combined with duraplasty, alleviates the in-
crease in ICP and may prevent brain herniation. Thus, DC is
commonly life-saving in selected malignant MCA infarct
cases. However, in view of the devastating underlying brain
injury and fear of intolerable neurological deficits in DC sur-
vivors, this surgery was only infrequently performed before
the 1990s. Then, the influential mid-2000s randomized con-
trolled trials (RCTs) DECIMAL, DESTINY and HAMLET
were able to show that DC markedly reduced mortality with-
out increasing the risk of leaving the survivor in a most se-
verely disabled state in patients younger than 60 years old and
surgically treated within 48 h of stroke onset [2]. The case
fatality reduction by DC was estimated to be ca. 50–75%,
and these RCTs substantially changed neurosurgical practice.
To date, an ever increasing number of publications have doc-
umented the role of DC in malignant MCA infarct patients,
addressing not only the potential clinical benefits but also
complications and important ethical and quality of life

concerns [3]. However, there are some remaining clinical
questions regarding malignant MCA infarcts that have been
insufficiently addressed in the literature.

& Is there also a role for DC in patients with malignant MCA
infarcts presenting with additional involvement of the an-
terior and/or posterior cerebral artery territory, the MCA+
infarcts?

& Is postoperative ICP monitoring and neurocritical care in-
dicated following DC?

& In the event of an increased ICP and/or increased midline
shift despite a DC of adequate size, is there an indication
for additional surgical therapy using necrosectomy, i.e.,
surgical removal of infarcted areas?

These important clinical questions were retrospectively ad-
dressed in the present issue of Acta Neurochirurgica by
Kürten and colleagues in Germany. They analyzed 101 ma-
lignant MCA infarcts patients, 27 of whom had an MCA+
infarcts. All included patients underwent DC, and outcome
measures were Glasgow Coma Scale (GCS) score at 14 days
and the modified Rankin Scale (mRS) score at 3 months post-
surgery. ICP was measured postoperatively in 44 patients, and
20 required necrosectomy because of persisting midline shift
and/or increased ICP. The authors confirmed that high age and
a depressed level of consciousness at the time of DC are neg-
ative prognostic factors in malignant MCA infarcts.

In the 27 MCA+ patients, the most common additional
vascular territory involved was the anterior cerebral artery
(63%, n = 17). At 3 months post-surgery, 26% reached an
mRS of 2–3 and 48% had an mRS = 4, meaning that two
thirds of these patients had a moderate-severe disability.
Importantly, clinical outcomes in MCA+ infarct patients were
similar to those of infarcts confined to the MCA territory,
implying that the additional severity of the underlying brain
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injury did not translate into a worse outcome for the patient.
However, the GCS prior to DC, age and midline shift were not
presented separately for the MCA+ cohort, and it is unclear
whether a selection bias may have existed for surgery because
of fewer negative prognostic factors at baseline. Obviously, in
view of the extent of the infarcted brain areas in MCA and
MCA+ infarctions, full recovery cannot be expected, andmost
survivors are left with persistent and profound neurological
deficits influencing their quality of life. In most neurosurgical
disorders, an outcome of mRS 4 (unable to walk or attend to
his/her own bodily needs without assistance) cannot be con-
sidered a good or desired outcome.Whether an mRS of 4 is an
acceptable outcome in terms of quality of life and rate of
disability remains a topic of debate. It should be remembered
that in most studies of DC survivors, quality of life and the
retrospective consent to treatment is surprisingly high [4]. The
decision to perform or refrain from DC should be influenced
by many factors including the views of the patient and/or his/
her family, biological age and comorbidities of the patient,
although the data presented here suggest that the presence of
an MCA+ infarct is not one of these factors excluding the
patient from surgical treatment.

The authors also describe their postoperative neurocritical
care strategy. Following DC, all patients remained under an-
esthesia and were then evaluated by a routine postoperative
CTscan and sedation interruption for clinical assessment. The
authors used an intraventricular catheter for ICP monitoring in
44 patients presenting with preoperative ventricular dilatation
and/or a decreased level of consciousness. ICP-monitored pa-
tients had a less favorable outcome, not surprising in view of
their worse preoperative clinical situation and that the indica-
tion for ICP monitoring was linked to a severe neurological
condition prior to DC. However, ICP elevation per se was not
associated with a less favorable outcome in those monitored.
The ICP monitoring was performed only in selected patients,
and it is plausible that the knowledge of ICP dynamics could
help identify patients requiring additional therapies. Further
studies should clarify whether postoperative ICP monitoring
and neurocritical care are justified in selected patients [5–6]
and whether a more active management of patients with in-
creased ICP following DC can positively influence outcome.

Occasionally, an adequate-size DC [7] will not sufficiently
alleviate the infarct-induced mass effect, leaving the treating
neurosurgeon with the dilemma of determining whether addi-
tional surgery is worthwhile. In the present study, 20 patients
with a remaining midline shift of an average > 12 mm and/or
increased ICP following DC underwent a second-look proce-
dure where clearly demarcated and infarcted tissue at the fron-
tal and/or temporal lobes was removed. Eleven of these 20
patient had an MCA+ infarction. In view of the extent of the
underlying brain injury, it is not surprising that necrosectomy
patients had an approximately 25% worse outcome reflected
by a lower GCS on postoperative day 14 and at 3-month

follow-up. However, three patients reached an mRS of 2–3
and nine anmRS of 4 at 3 months post-surgery with an overall
rate of moderate-severe disability of 60%, suggesting that
necrosectomy may be a valid additional treatment option
using careful selection criteria.

The DESTINY-II trial [8] convincingly showed that DC
markedly reduced mortality also in the elderly, 60–80 years
old, patients. However, the functional recovery was substan-
tially worse in these elderly patients than that of younger pa-
tients, and the decision to perform DC in an elderly patient
remains controversial. Since 40% of all malignant MCA in-
farct patients are >60 years, such considerations are clinically
important. In this article by Kürten et al., the mean age was
56 years old with the oldest patient being 79 years old. Clearly,
the age of 60 suggested by previous RCTs [2] was not used as
a strict cutoff for DC in the present study. These results con-
firmed that high age is a negative prognostic factor, and the
age of the patient should carefully be considered in the deci-
sion whether to perform DC in both MCA and MCA+
infarctions.

Since these data are retrospective, the results must be treat-
ed with caution. Moreover, the number of patients with
MCA+ infarcts is small, arguing that robust conclusions at a
high level of scientific evidence cannot be made. Yet, these
data provide important information for the neurosurgeon eval-
uating a patient with an MCA+ infarct and suggest that post-
operative ICP monitoring and secondary necrosectomy may
have a role in MCA/MCA+ patients selected by strict criteria.
The most important contribution of the paper by Kürten et al.
is that the results of DC in MCA+ patients were similar to
those of MCA patients. Thus, DC could also be considered
in patients with infarcts extending beyond the MCA territory.
DC territory, even though a large infarct volume is a negative
prognostic factor [9]. However, the provided data do not im-
ply that a larger proportion of malignant MCA infarct patients
should be subjected to DC. Instead, the same clinical judg-
ment and ethical considerations used for a patient with a “reg-
ular” malignant MCA infarct should also apply to patients
with infarcts extending beyond the MCA territory. More de-
tailed quality of life data and neuropsychological outcome
measures would be welcome in future studies to further guide
the clinician treating severely brain-injured patients presenting
with MCA+ infarctions.
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