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Abstract

Aneurysmal subarachnoid hemorrhage (SAH) is associated with high mortality. The initial hemorrhage causes death in approxi-
mately 25% of patients, with most subsequent mortality being attributable to delayed cerebral ischemia (DCI). Delayed cerebral
ischemia generally occurs on post-bleed days 4 through 20, with the incidence peaking at day 8. Because of the risks of DCI, patients
with SAH are usually monitored in an intensive care unit (ICU) for 14 to 21 days. Unfortunately, prolonged ICU admissions are
expensive and are associated with well-documented risks to patients. We hypothesized that a subset of patients who are at low risk
of DCl should be safe to transfer out of the ICU early. All patients admitted to Montefiore Medical Center from 2008 to 2013 with
grade | SAH who had their aneurysms successfully protected, had an uncomplicated postoperative course, and had no clinical or
ultrasonographic evidence of DCI after day 8 were retrospectively studied. The primary outcome was clinical or ultrasonographic
evidence of the development of DCI after day 8. Secondary outcomes included length of ICU and hospital stay and hospital
mortality. Forty patients who met the above-mentioned criteria were identified. Of these, only | (2.5%) developed ultrasonographic
evidence of DCI after day 8 but required no intervention. The mean length of stay in the ICU was until post-bleed day |3, and the
mean hospital length of stay was until post-bleed day 4. The in-hospital mortality was 0 of 40. Thus, we identified a low-risk subset
of patients with grade | SAH who may be candidates for early transfer out of the ICU.
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initial bleed.” Although patients with high-grade aSAH may
require multiple interventions to maintain cardiopulmonary
stability, control hydrocephalus, and prevent ongoing brain
injury, patients with low-grade aSAH and uncomplicated

Introduction

Aneurysmal subarachnoid hemorrhage (aSAH) strikes
approximately 30 000 people per year in North America.'

About 25% of patients with aSAH die before reaching the
hospital and another 10% die within the first hospital day.
One-month mortality is estimated at 45% to 50%.%* Around
30% of patients who survive the initial 3 days of aSAH had
delayed cerebral ischemia (DCI), a clinical syndrome of
focal neurological and cognitive deficits most commonly
caused by vasospasm of cerebral arteries.>*® Mortality from
DCI is nearly 30%, and permanent neurological deficits
occur in 34% of affected patients.’

The risk of vasospasm typically begins at 3 to 5 days after
the hemorrhage and peaks around day 8.® After that time, the
risk of new-onset vasospasm gradually decreases and becomes
very uncommon after the third week. Because vasospasm
requires immediate recognition and intervention to prevent
clinically significant DCI during the period of high risk of
vasospasm, patients with aSAH are routinely monitored in
an intensive care unit (ICU) for 14 and up to 21 days after the

postoperative courses often require very few interventions
during their time in the ICU. The care of these patients essen-
tially consists of frequent neurologic monitoring, prophylactic
nimodipine administration, and the performance of serial tran-
scranial doppler studies (TCDs).*!'%!!

Unfortunately prolonged ICU admissions are extremely
expensive. The cost of a patient care for a day in the ICU in the
United States averages close to US$4000 per day, about 3 times
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more than on a general hospital ward.'? In addition, prolonged
ICU admissions are associated with well-documented risks to
patients including deconditioning, delirium, and acquisition of
infection with drug-resistant organisms.'>"'

It would be beneficial to recognize a subset of patients with
aSAH who are at low risk of DCI and thus can be safely trans-
ferred out of the ICU early. We hypothesized that patients
with Hunt and Hess Grade I aSAH who have an uncompli-
cated postoperative course and no clinical or ultrasonographic
evidence of vasospasm by post-bleed day 8 are at low risk of
subsequent development of significant DCI. This premise was
based on the clinical observations of the senior investigator.
We decided to examine this theory retrospectively in a cohort
of patients in the neurosurgical ICU at Montefiore Medical
Center.

Methods

All patients who were admitted to Montefiore Medical Center
from January 1, 2008, through December 31, 2013, with the
primary diagnosis of Hunt and Hess Grade I SAH who had
their aneurysms successfully protected either by angiographic
coiling or by surgical clipping, had an uncomplicated immedi-
ate postoperative course, and had no clinical or ultraso-
nographic evidence of DCI by day 8 were retrospectively
studied. Exclusion criteria included any complication or
comorbidity that required administration of medications for
hemodynamic support within the first 8 days of hospitalization
as well as hydrocephalus requiring placement of an external
ventricular drain (EVD). Patients in whom an aneurysm was
not identified on angiography were also excluded. The pri-
mary outcome was the incidence of clinical or ultrasono-
graphic development of DCI from day 9 until hospital
discharge. Secondary outcomes included length of ICU stay,
length of hospital stay, and in-hospital mortality.

Admission history and physical and daily progress notes
were analyzed to establish the Hunt and Hess grade of the
patient at the time of presentation and to evaluate the postin-
tervention clinical course until the discharge from the hospital.
The notes were reviewed for any change in neurologic exam-
ination thought to represent symptomatic vasospasm as well
as the daily TCD reports. Evidence of vasospasm on TCD was
defined as any velocity measured above 120 cm/second.'® All
patients were monitored in the neurosurgical ICU with a 2:1
nursing ratio and 24:7 attending intensivist coverage. This
investigation was approved by the Institutional Review Board
of Montefiore Medical Center with an exemption from
informed consent.

Results

Overall, of the 471 patients admitted to the neurosurgical ICU
with a primary diagnosis of aSAH over the 5-year period, 40
patients met the defined criteria for inclusion in our cohort.
The reasons for exclusion of the 431 patients who were not

471 patients with Primary Diagnosis SAH.

393 Excluded for > Grade | SAH or non-
aneurysmal bleeding.

38 patients with Grade | SAH excluded for
complicated postoperative course or
evidence of vasospasm by day 8.

40 patients with Grade | SAH included in
study cohort.

Figure 1. Derivation of study cohort from all patients admitted with
a primary diagnosis of subarachnoid hemorrhage (SAH) between
2008 and 2013.

included in the cohort are presented in Figure 1. The mean
age of the study patients was 50 years (standard deviation
12 years), with 26 (65%) being female gender, 16 (40%)
being African American, 14 (35%) being Hispanic, 8 (20%)
being white, and 2 (5%) being Asian or other race. Of the 40
patients, 13 had surgical clipping to secure the aneurysm, while
the rest had endovascular coil embolization performed. By
initial radiographic imaging of the head, 2 (5%) had a Mod-
ified Fisher Scale score (MFS) of 0, 28 (70%) had an MFS of
1, 2 (5%) had an MFS of 2, and 8 (20%) had an MFS of 3.

Of these patients, none developed clinical evidence of
vasospasm after day 8, and only 1 (2.5%) of 40 developed
ultrasonographic evidence of vasospam. This patient had a
single mildly elevated TCD velocity of 125 cm/second in
the right middle cerebral artery on day 9. This patient
showed no new neurologic findings, and no new interven-
tion was required.

The mean length of stay in the ICU was until post-bleed
day 13, and the mean hospital length of stay was until
post-bleed day 14. The in-hospital mortality was 0 of 40.
None of the patients required medications for hemodynamic
support or a repeat angiography after day 8 postprocedure.
All patients received prophylactic nimodipine while in the
ICU.

Discussion

The ICU is a precious resource, which provides continuous
monitoring, enhanced nursing care, and the ability to provide
multisystem organ support to the most vulnerable and com-
plex patients in the hospital. However, the negative impact
of prolonged ICU admission is well documented. In addition,
prolonged lengths of stay may make ICU beds unavailable to
patients at the initial course of their critical illness. Increased
wait times for ICU beds in the emergency department and on
hospital floors have been associated with worsened out-
comes.'”'® Many of our ICU triage practices are not evidence
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based, and the methods to safely reduce the length of stay in
the ICU should be explored.

The practice of observing all patients with aSAH for 14 to
21 days post-bleed is clearly one area that is not evidence
based. Patients with high-grade aSAH (who often require
mechanical ventilation and other organ support), those who
have complex early postoperative courses, those who develop
hydrocephalus requiring EVD placement, and those at high
risk of DCI clearly mandate prolonged ICU care. We have
identified a population who, based on their initial presentation,
uncomplicated postoperative course, and lack of evidence of
vasospasm in the first week should be able to be safely triaged
out of the ICU after day 8. It should be noted that after the dis-
charge from the ICU to a general neurosurgical floor, the
mean duration of inpatient stay on that unit was only 1 day,
after which the patients were discharged from the hospital.

Our suggested optimal transfer location for these patients
would be to a neurological observation or stepdown unit with
a 4:1 nursing ratio. Once on the floor, we would suggest that
they continue to have neurologic examinations performed at
least once every 2 hours. We would also recommend continu-
ing to perform serial TCD studies on these patients. This sub-
set of patients should also be considered for early mobilization
to prevent deconditioning and delirium. If any clinical or
ultrasonographic evidence of vasospasm were to develop, they
would need to be transferred back to the ICU for more inten-
sive monitoring and management.

Weaknesses of this study include that it is from a single
center and that the grading system used at this center (Hunt
and Hess) is not specifically designed or demonstrated to
correlate with the risk of vasospasm.'® The MFS is superior
for this.?° The Hunt and Hess score does, however, correlate
with overall mortality, which is a common and reasonable
factor used in ICU triage decisions. It would be unwise to
triage a patient with serious neurological sequelae of aSAH
out of an ICU early based on a low modified Fisher score
on initial imaging. Another limitation to this study is that
only a minority of all patients admitted with aSAH fit our
predefined criteria. Larger studies would need to be per-
formed to see whether other subsets of patients would be
good candidates for early transfer out of the ICU. Since some
patients may have a clinical course that does not adhere to
predictive models, careful clinical judgment will remain
mandatory before such an important decision as transfer out
of the ICU is made.
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