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Postoperative Care After Elective Endovascular
Treatment of Unruptured Intracranial Aneurysms:
Where Matters Less Than What
Martin Smith, MBBS, FRCA, FFICM

E

ndovascular techniques for the treatment of intracranial aneurysms are minimally invasive and relatively
safe, but do have potential for major cerebrovascular
and other complications.1 Although intraprocedural complications such as thromboembolism and aneurysm rupture are dealt with as they occur, they can lead to delayed
ischemic events. Other complications, such as bleeding or
access-related hematoma, usually occur in a delayed fashion some hours after the procedure. It is for these reasons
that many centers routinely admit all patients to an intensive care unit (ICU) after intracranial endovascular procedures, including elective interventions. The justification for
such practice is that it might reduce the incidence of early
postoperative complications by proactive management or
minimize the potential adverse outcome effects by their
early identification and treatment. However, the benefits
of routine ICU admission after uncomplicated endovascular treatment of an unruptured intracranial aneurysm are
unproven, and such practice is not universal.
Advances in neuroimaging and endovascular techniques
over the past 2 decades have led to an increase in the number of unruptured aneurysms treated by the endovascular
route,2 bringing new pressures on health care resources and
additional costs.3 Postoperative care contributes to inpatient
health care costs but variably so, with management on an
ICU being most expensive.4 The daily cost of ICU care is 3 to
5 times higher than care on a surgical ward,5 and this is true
even for anticipated “short” postoperative stays because
daily costs for nonventilated patients are highest in the first
2 days after ICU admission.6 As well as being expensive,
ICU resources are also limited in many countries.7 There is
considerable pressure to minimize ICU overutilization in all
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health care systems, and the financial implications of doing
so are substantial.8 Therefore, the practice of routine ICU
admission after elective intracranial interventions is being
challenged and subject to cost-benefit analysis.9 Identifying
which patients actually require intensive care is relevant not
only to health care managers and policy makers, but also to
patients and clinicians.
Although admission of patients to the ICU after elective
craniotomy remains a standard practice in some centers, it
was noted as early as 1998 that active intervention is rarely
required and that most patients are managed on the ICU
for 1 day or less.10 The majority of elective neurosurgical
patients admitted to the ICU undergo intensive “monitoring” (usually only clinical neurologic assessment) rather
than intensive “care”11 and, in one study, the administration of IV analgesia was the most common and intensive
“intervention” beyond 4 hours after ICU admission.12
Because postoperative ICU admission is resource intensive, it should be limited to those who require, and who
will derive benefit from, the levels of monitoring and intervention that can be provided only in an ICU. Assigning
patients to alternative (and possibly more appropriate)
levels of care results in more efficient use of hospital
resources.13 In a 2003 study, immediate transfer to a neurosurgical ward after elective craniotomy decreased average
hospital length of stay by 3 days, with estimated cost savings of $4026 per patient.9 As well as being cost-effective,
selective rather than routine admission of elective neurosurgical patients to an ICU has been shown to be safe,14
and such practice is already commonplace in many units
around the world. In the United Kingdom, some centers
have even performed carefully selected craniotomies for
tumor resection on a day-surgery basis,15 and although
such findings cannot be extrapolated more widely, they
do challenge existing models of care. It seems at least possible that some of the patients in this United Kingdom
case series would elsewhere have been admitted to an ICU
rather than discharged from the hospital.
Whether evidence supporting selective rather than
routine ICU admission after elective intracranial surgery
is transferable to uncomplicated elective endovascular
treatment of unruptured intracranial aneurysms is not
clear, and, therefore, whether all, none, or a selected group
of such patients can be safely managed outside an ICU
is uncertain. In this issue of Anesthesia & Analgesia, Eisen
et al.16 attempt to address this issue. In a retrospective case
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note review, the authors examined the outcomes of patients
who underwent elective endovascular treatment of unruptured intracranial aneurysms in a single center over a
3-year period. The institution’s practice evolved during
this period from one of routine postprocedure admission
of all patients to the ICU to planned admission of selected
patients to a postanesthesia care unit (PACU). Adverse
perioperative neurologic event rates did not change over
the 3 years, despite planned ICU admission rates decreasing from 100% to 15%. The majority (95%) of the 131
patients first admitted to the PACU were transferred to a
neurosurgical ward after a median PACU stay of 1.3 hours.
Eight PACU patients developed a new adverse neurologic
event, but 4 of these events were recognized within 1 hour
of the procedure while the patients were still in the PACU.
Two patients were immediately transferred to the ICU,
and 2 were transferred after an intracranial intervention.
Two other patients were transferred to the ICU directly
from the PACU but for nonneurologic reasons (respiratory
failure requiring reintubation, and the need for continued
intubation because of anticoagulation-related epistaxis).
Four patients initially managed on the PACU developed
neurologic events after transfer to the neurosurgical ward,
between 3 and 39 hours after the procedure, but only one
required secondary transfer to the ICU. In comparison, 3
of 8 new neurologic events in patients initially admitted to
the ICU occurred after discharge from the ICU to the neurosurgical ward. In summary, this study found no evidence
that the diagnosis of new postoperative neurologic events
in patients first admitted to the PACU was substantively
delayed compared with those admitted to the ICU or that
their outcome was adversely affected.
A recent study examining the timing and nature of postprocedure complications after uncomplicated endovascular
aneurysm repair gives further insights into decisions about
postoperative monitoring and management.17 Twenty-seven
(4.0%) of 687 endovascular interventions were associated
with a postprocedural complication, including hemorrhagic
and ischemic stroke, cardiac events, and retroperitoneal
and groin hematomas. The majority of these (74%) occurred
within the first 4 hours after the procedure, and those that
occurred later were relatively minor and required no treatment. These findings are reinforced by 2 other studies.18,19
In one, 65% of 200 consecutive endovascular procedures for
unruptured intracranial aneurysms were triaged to non-ICU
ward–based care determined by preexisting medical comorbidities, intraoperative findings, and absence of major intraprocedural complications.18 In this study, 15 of 18 adverse
events were recognized during the procedure and dealt
with immediately, and 2 others occurred within the first 24
hours postprocedure. Only one patient required a change
of planned postoperative care, and there were no complications in patients triaged for elective ICU admission because
of difficult aneurysm morphology or the use of investigational devices. This led the authors to suggest that a more
aggressive policy of admission to a neurosurgical ward after
a period of intensive observation might be appropriate.
Choice of postoperative care location is driven primarily
by the availability of (clinical) neurologic monitoring and
interventions such as arterial blood pressure control that
must be provided in the first few hours after endovascular
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interventions. The availability of sufficient and appropriately trained staff to monitor neurologic status continuously
and the ability for rapid transfer in the event of deterioration
are therefore more important than the designation of the
care location. In the study by Eisen et al., there is little difference between the level of care provided in the PACU and
ICU. In many ways, the PACU in their institution appears
to operate as a short-term ICU “equivalent” with staffing
levels and facilities that are not universally available in
intermediate care locations elsewhere. Thus, although the
authors have demonstrated that postoperative management in their PACU is safe, they have not determined (nor
did they set out to do so) its relative cost-effectiveness compared with ICU care. This is an important next step.
The study by Eisen et al. adds to accumulating evidence
that the majority of patients undergoing elective endovascular treatment of unruptured cerebral aneurysms who do not
experience intraoperative complications can be safely managed without routine ICU admission so long as frequent
and reliable neurologic assessment is available in the early
postprocedure period. This is already the norm in some centers and countries, and although this has been driven in part
by resource limitations, it is reassuring that such practice
appears to be safe in carefully selected patients. Adequately
powered prospective studies are now required to determine
with certainty which patients can be safely managed on a
neurosurgical ward after a short period of intensive observation after endovascular treatment of an unruptured intracranial aneurysm, and which might benefit from admission
to an ICU. Such decisions must ultimately be driven by
safety and not just cost. E
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