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ABSTRACT

Objective: Rebleeding of an aneurysm is a leading cause of morbidity and mortality after sub-
arachnoid hemorrhage (SAH). Whereas numerous studies have demonstrated the risk factors as-
sociated with rebleeding, few data on complications of rebleeding, including its effect on the
development of delayed cerebral ischemia (DCI), are available.

Methods: A nested case-control study was performed on patients with rebleeding and control
subjects matched for modified Fisher scale, Hunt-Hess grade, age, and sex previously entered
into a prospective database. Rebleeding was defined as new hemorrhage apparent on repeat CT
with or without new symptoms. Incidence and time course of DCI and hospital complications were
compared. A secondary analysis of DCI and hospital complications was also performed on sub-
jects surviving to postbleed day 7.

Results: We identified 120 patients with rebleeding and 359 control subjects from 1996 to
2011. The rebleeding rate was 8.6%. In both the primary and secondary analyses, there was no
difference in the incidence of DCI or its time course (29% vs 27%, p � 0.6; 7 � 5 vs 7 � 6 days,
p � 0.9 for primary analysis; 39% vs 31%, p � 0.1, 7 � 5 vs 7 � 6 days, p � 0.6 for the
secondary analysis). In a multivariate logistic regression model, rebleeding was associated with
the complications of hyponatremia, respiratory failure, and hydrocephalus. Patients with rebleed-
ing had higher rates of mortality, brain death, and poor outcomes.

Conclusions: Rebleeding after SAH is associated with multiple medical and neurologic complica-
tions, resulting in higher morbidity and mortality, but is not associated with change of incidence or
timing of DCI. Neurology® 2012;78:31–37

GLOSSARY
CI � confidence interval; DCI � delayed cerebral ischemia; ICU � intensive care unit; mRS � modified Rankin scale; OR �
odds ratio; SAH � subarachnoid hemorrhage; SHOP � Columbia University SAH Outcomes Project; TCD � transcranial
Doppler.

Rebleeding after aneurysmal subarachnoid hemorrhage (SAH) is a feared complication and
decreases the likelihood that patients will survive with functional independence.1,2 Despite
studies demonstrating the safety of early clipping,3 rebleeding remains a leading cause of mor-
bidity and mortality,4,5 because it often occurs within 6–24 hours of the presenting bleed.6–10 A
number of clinical and radiographic factors are known to increase the risk for rebleeding,
including clinical severity at admission, large aneurysm size, loss of consciousness or clinical
seizure at ictus, and delayed referral to neurosurgical care.1,9–12 Whereas its contribution to
morbidity and mortality is well established, the mechanism by which rebleeding drives poor
outcomes is not known. With respect to the incidence and time course of cerebrovascular
vasospasm, experimental models show that rebleeding increases the incidence of vasospasm and
hastens its onset, but little is known in humans.13,14 In addition, limited data are available as to
whether rebleeding increases morbidity and mortality due to primarily neurologic compli-
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cations such as delayed cerebral ischemia
(DCI)7,15 or poor outcomes can be ascribed to
longer intensive care unit (ICU) and hospital
stays and the medical complications that en-
sue. To this end, we designed a retrospective
case-control study on patients entered into a
prospective database to determine the associ-
ated medical and neurologic complications of
rebleeding, and its effect on the development
and time course of DCI.

METHODS Patient selection and data collection. We
enrolled 1,391 patients with SAH admitted to the Neurological
Intensive Care Unit of Columbia University Medical Center
(New York, NY) from August 1996 to January 2011 in the Co-
lumbia University SAH Outcomes Project (SHOP) and identi-
fied 120 patients with rebleeding and selected 359 control
patients (1:3 case patient/control patient ratio) matched for ad-
mission modified Fisher score, Hunt-Hess grade, age (dichoto-
mized for �53 years, the average age in the full database), and
sex. Matching criteria were based on known risk factors for de-
velopment of DCI and general demographic factors. Control
patients were randomly selected from a pool of patients meeting

matching criteria to fulfill a 1:3 ratio of case patients to control
patients. The study was conducted in 2 parts: the primary analy-
sis was conducted on all study patients. The secondary analysis
was conducted on the subgroup of study patients who were still
alive on postbleed day 7, which in the general population of
SAH patients is the period of greatest risk of vasospasm.

Clinical definitions. SAH was diagnosed by the admission
CT scan or by the presence of blood and xanthochromia of the
CSF if the CT scan was not diagnostic. Rebleeding was defined
as either an acute deterioration in neurologic status in conjunc-
tion with new hemorrhage apparent on a CT scan or an increase
in hemorrhage burden on a repeat CT scan. The primary out-
come measure was DCI, defined as either the presence of symp-
tomatic vasospasm or the presence of an infarction on a CT scan
attributable to vasospasm.16 Symptomatic vasospasm was defined
as clinical deterioration (i.e., a new focal deficit, a decrease in
level of consciousness, or both) in the presence of confirmed
vasospasm determined by CT angiography or cerebral angiogra-
phy. This definition of DCI has been demonstrated to have a
better predictive value for poor outcomes than (1) clinical
deterioration solely due to vasospasm, (2) the presence of an-
giographic vasospasm irrespective of clinical status, or (3)
transcranial Doppler (TCD) mean flow velocity of more than
120 cm/s.16

Decreased level of consciousness was defined as a 2-point
drop in the Glasgow Coma Scale score in a 24-hour period. All
patients who experienced clinical deterioration underwent CT to
rule out other causes of deterioration (e.g., fever, hydrocephalus,
rebleeding, or cerebral edema), followed by medical or interven-
tional therapy as indicated. All endpoints were classified accord-
ing to a priori criteria and adjudicated weekly at a SHOP
database meeting. The adjudication process involves a consensus
agreement of each endpoint by neurocritical care faculty (N.B.,
K.L., J.C., S.A.M.) after a complete review of source documen-
tation, imaging, and laboratory tests. Low serum sodium values
were not recorded in the setting of severe hyperglycemia (�250
mg/dL).

All patients received an EKG on admission. According to
our management protocol, creatinine kinase-MB (between 1995
and 1998) or troponin (after 1998) was measured in all patients
with an abnormal EKG (Q waves, QTc prolongation, ST-
segment abnormalities, or T-wave inversion) or clinical signs or
symptoms of potential cardiovascular dysfunction (pulmonary
edema, hypertension or hypotension [systolic blood pressure
�160 or �100 mm Hg, respectively], cardiac dysrhythmia, or
chest pain). We did not distinguish between enzyme elevations
due to stunned myocardium and other causes.17

Clinical management. The medical management of patients
with SAH at our institution has been described previously,1 but
we highlight here the management related to rebleeding and the
treatment of DCI as well as changes made to management over
the study period. Aneurysm repair was performed within 24
hours whenever possible. In 2003 we began the routine use of
aminocaproic acid (4-g load followed by 1 g/hour) before aneu-
rysm clipping or coiling. A previous study from our group
showed that this treatment decreased rebleeding rates in the
treated group (2.7%) vs that in control patients (11.4%).18 All
patients received oral nimodipine. An external ventricular drain
was placed in all patients with a depressed level of consciousness
and intraventricular hemorrhage or acute hydrocephalus. TCD
was performed daily, and in 2006 we began the routine use of
CT angiography for both initial detection of aneurysms and de-
tection of radiographic vasospasm. All patients received 0.9%

Table 1 Patient characteristicsa

Rebleeders
(n � 120)

Nonrebleeders
(n � 359) p Value

Demographics

Age, y, mean � SD 58 � 15 58 � 14 0.9

Female sex, n (%) 88 (73) 264 (73) 1.0

Non-Caucasian, n (%) 63 (53) 188 (52) 1.0

Clinical characteristics

Hunt-Hess grade, n (%)

1 or 2 11 (9) 33 (9) 1.0

3, 4, or 5 109 (91) 326 (91)

Modified Fisher scale, n (%)

1 15 (13) 44 (13) 1.0

2 10 (8) 30 (8)

3 53 (44) 159 (44)

4 42 (35) 126 (35)

Global cerebral edema, n (%) 51 (44) 105 (30) 0.005

Seizure, n (%) 25 (22) 47 (14) 0.04

APACHE II score, mean � SD 18 � 8 16 � 8 0.01

Sum scale 18 � 8 18 � 8 1.0

ICH, n (%) 41 (35) 94 (28) 0.2

Aneurysm size, mm, median
(range)

8 (6–15) 7 (5–10) 0.001

Medical comorbidities, n (%)

Hypertension 71 (66) 179 (52) 0.01

Diabetes 11 (10) 27 (8) 0.5

Renal disease 4 (4) 10 (3) 0.7

Abbreviation: ICH � intracerebral hemorrhage.
a Categorical variables are reported as number of patients (% within group). Continuous
variables are reported as either median with 25%–75% range or means � SD.
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normal saline at a dose of 1 mL/kg/hour, and supplemental 5%
albumin solution was administered to maintain central venous
pressure at �5 mm Hg. Patients experiencing symptomatic cere-
bral ischemia received hypertensive hypervolemic therapy, in-
volving a target central venous pressure of �8 mm Hg, induced
hypertension with phenylephrine or norepinephrine to maintain
systolic blood pressure of 180–220 mm Hg, and maintenance of
cardiac index at �4.0 L/minute/m2 with milrinone or dobutamine
as needed. Patients with refractory DCI underwent endovascular
therapy including intra-arterial verapamil hydrochloride, angio-
plasty, or both.

Radiographic interpretation. CT scans were obtained on
admission, at the occurrence of major clinical events at the dis-
cretion of the attending neurointensivist, and at 14 days or dis-
charge, whichever was sooner. All CT scans performed at other
hospitals were reviewed by study staff. Admission scans were
prospectively rated for acute hemorrhage using the Fisher scale,
modified Fisher scale,19 and Hijdra SAH sum score.20

Outcomes. Functional and cognitive outcomes at 3 and 12
months were assessed with the modified Rankin Scale (mRS), a
global disability scale with scores that range from 0 (no symp-
toms) to 6 (death).

Statistical analysis. Baseline characteristics, in-hospital com-
plications, and outcomes were compared between the 2 groups
using 1- and 2-tailed Student t tests and the Mann-Whitney U
test for continuous variables and Fisher exact and �2 tests for
categorical variables. To compare the time course of the develop-
ment of vasospasm, we used Kaplan-Meier survival curves. In
addition, variables found to be statistically significant on univar-
iate analysis were entered into a backward Wald multiple logistic
regression model to measure complications associated with re-
bleeding. Complications that occurred at a frequency of �5%
were excluded from the final model. Pearson product-moment
correlation and �2 analysis were used to assess the degree of inter-
correlation between the significant medical complications identi-
fied in the final model. A p value of 0.05 or less was considered
statistically significant. All statistical calculations were made with
widely available commercial software (SPSS, Chicago, IL). All
attempts were made to minimize missing data, and patients with
missing data were excluded from individual analyses.

Standard protocol approvals, registrations, and patient
consents. The SHOP database uses a tiered consent process,
whereby consent is obtained from patients who were able to
provide consent at the time of injury. In neurologically impaired
patients, family members were approached for participation in
the study. If capacity was regained, patients were directly ap-
proached for consent. This process of consent and the conduct of
both studies were approved by the institutional review board and
were consistent with guiding principles for research involving
humans.21

RESULTS Baseline characteristics. The rebleeding
rate for the study period was 8.6% (table 1). Patients
with poor Hunt-Hess grade (3, 4, or 5) represented
more than 90% of case patients and matched control
patients. Patients with rebleeding had a higher mean
APACHE II score and larger median aneurysm size
and were more likely to have a seizure at ictus. Past
medical history of diabetes mellitus and renal disease
did not differ between groups, although there was a

Table 2 Results

Rebleeders
(n � 120)

Nonrebleeders
(n � 359) p Value

Medical complications and procedures,
n (%)

Hypertension (use of antihypertensive) 62 (52) 189 (53) 0.8

Hypotension (use of vasopressors) 59 (49) 119 (33) 0.002

Hyperglycemia (>200 mg/dL) 79 (66) 201 (56) 0.06

Hyponatremia (<130 mmol/L) 29 (24) 46 (13) 0.003

Hypernatremia (>150 mmol/L) 49 (45) 107 (34) 0.05

Renal failure (Cr >2.5 mg/dL) 11 (9) 7 (2) �0.001

Myocardial ischemia 19 (16) 38 (10) 0.1

Congestive heart failure 15 (13) 45 (13) 1.0

Arrhythmia 21 (18) 55 (15) 0.6

Anemia (requiring transfusion) 59 (50) 132 (37) 0.02

Deep vein thrombosis 9 (8) 21 (6) 0.5

Intubation 108 (90) 247 (69) �0.001

IV sedation 77 (64) 199 (55) 0.1

Infectious complications, n (%)

Fever (>101.5°F) 91 (76) 220 (62) 0.004

Sepsis 21 (18) 43 (12) 0.1

Pneumonia 45 (38) 115 (32) 0.28

Urinary tract infection 22 (18) 83 (23) 0.3

Neurologic complications and procedures

Delayed cerebral ischemia, n (%) 35 (29) 97 (27) 0.6

SAH day of DCI, mean � SD 7 � 5 7 � 6 0.9

Clipping of aneurysm, n (%) 48 (43) 193 (59) 0.002

EVD/hydrocephalus, n (%) 90 (75) 190 (53) �0.001

Meningitis, n (%) 18 (15) 45 (13) 0.5

Seizures, n (%) 22 (18) 34 (10) 0.009

Outcome measures, n (%)

Discharge mRS

0 or 1 (no or minor symptoms) 1 (1) 39 (11) �0.001

2 or 3 (lifestyle restriction) 7 (6) 71 (20)

4 or 5 (dependency) 62 (53) 168 (48)

6 (death) 46 (40) 74 (21)

12-month mRS, n (%)

0 or 1 (no or minor symptoms) 8 (8) 85 (31) �0.001

2 or 3 (lifestyle restriction) 15 (15) 71 (26)

4 or 5 (dependency) 10 (10) 18 (7)

6 (death) 69 (68) 101 (37)

Brain death, n (%) 27 (23) 38 (11) 0.001

ICU LOS, d, mean � SD 13 � 11 12 � 9 0.5

Hospital LOS, d, mean � SD 19 � 27 17 � 15 0.9

Abbreviations: Cr � creatinine; DCI � delayed cerebral ischemia; EVD � external ventricu-
lar drainage; ICU � intensive care unit; LOS � length of stay; mRS � modified Rankin scale;
SAH � subarachnoid hemorrhage.
a Continuous variables are reported as medians � SD. Categorical variables are reported as
number of patients (% within group).
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higher prevalence of premorbid hypertension within
the rebleeding group. Thirty percent of patients in
the rebleeding group and 12% in the control group
died before day 7 (p � 0.001) and were not entered
in the secondary analysis.

Medical and neurologic complications. The preva-
lence of hypotension (49% vs 33%, p � 0.002) and
fever (temperature �38.5°C; 76% vs 62%, p �
0.004) was higher in patients with rebleeding,
whereas the number of patients experiencing sepsis
was similar (18% vs 12%, p � 0.1) (table 2). Patients
with rebleeding were more likely to be intubated
(90% vs 69%, p � 0.001), but the diagnosis of pneu-
monia was not different between the groups (36% vs
39%, p � 0.5). Rates of renal failure as well as hyper-
natremia and hyponatremia were higher in the re-
bleeding group.

Patients with rebleeding had higher rates of global
cerebral edema, hydrocephalus, and seizures. They

were also more likely to subsequently have their an-
eurysm clipped as opposed to coiled.

Rates of symptomatic vasospasm and DCI. The per-
centage of patients developing DCI did not differ
between the groups (29% vs 27%, p � 0.6) nor did
the mean day of vasospasm onset (postbleed day 7 in
both groups, p � 0.9). Table 3 shows the rates of the
different components of DCI. There was no differ-
ence in the number of patients developing DCI due
to its component criteria between the groups. The
Kaplan-Meier curves demonstrate no meaningful
difference in the time course of the development of
vasospasm in the 2 groups (figure, A).

Outcome measures. Patients with rebleeding were
more likely to progress to brain death and die during
hospitalization. Hospital and ICU lengths of stay
were similar between the groups. Twelve-month
mRS scores were worse for patients with rebleeding,
with only a small proportion recovering to functional
independence.

Secondary analysis of survivors. For those who sur-
vived to postbleed day 7, the percentage of patients
developing DCI and the mean day of DCI onset (fig-
ure, B) did not differ between the groups (table 4).
Patients with rebleeding who survived to day 7 were
more likely to develop infectious complications, in-
cluding sepsis and pneumonia, and the higher rates
of medical complications seen in the rebleeding
group of the primary analysis remained. Neurologic
complications of global cerebral edema, hydrocepha-
lus, and seizures also remained higher in the rebleed-

Figure Kaplan-Meier curves for delayed cerebral ischemia (DCI)–free survival (A) in all patients and (B) in postbleed day 7 survivors

Table 3 Rates of vasospasm and DCI

Category of vasospasm Rebleeders Controls p Values

Symptomatic vasospasm
(all), n (%)

27 (23) 84 (24) 0.9

Symptomatic vasospasm
without infarct, n (%)

13 (11) 50 (14) 0.4

Symptomatic vasospasm
with infarct, n (%)

14 (12) 34 (10) 0.5

Asymptomatic vasospasm
with infarct, n (%)

8 (7) 13 (4) 0.2

All DCI, n (%) 35 (29) 97 (27) 0.6

Abbreviation: DCI � delayed cerebral ischemia.
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ing group. Outcomes in those surviving to day 7
remained worse in the rebleeding group, with longer
ICU and hospital lengths of stay, higher rates of
brain death, and poor discharge and 12-month mRS
scores.

Multivariable logistic regression of medical complica-
tions. In a backward Wald multivariable logistic re-
gression of hospital complications, rebleeding was
associated with hyponatremia (odds ratio [OR] 1.8,
95% confidence interval [CI] 1.04–3.2, p � 0.04),
hydrocephalus (OR 1.8, 95% CI 1.1–3.1, p � 0.02),
and intubation (OR 2.5, 95% CI 1.3–5.0, p �
0.008). For patients surviving to day 7, rebleeding
was associated with hyponatremia (OR 2.0, 95% CI
1.1–3.6, p � 0.03), fever (OR 4.0, 95% CI 1.7–9.4,
p � 0.001), and hydrocephalus (OR 1.9, 95% CI
1.1–3.7, p � 0.03).

DISCUSSION We found that rebleeding is not asso-
ciated with an increased risk of DCI and or a change
in the time course of DCI development. This obser-
vation remained true even when only patients who
survived to the period of greatest vasospasm risk were
analyzed. As evidenced by the Kaplan-Meier curves,
the 2 groups developed vasospasm at roughly the
same rate from ictus.

We also identified an association between medical
complications, including respiratory failure, hypona-
tremia, and hydrocephalus, and fever and rebleeding.
Each of these measures may be a reflection of the
increased injury severity incurred as a result of re-
bleeding. The high rates of medical complications in
patients with rebleeding, a group with high mortal-
ity, is in line with previous data from our group
showing the increasing contribution of medical com-
plications to mortality in patients with SAH.22 In the
subset of patients surviving to postbleed day 7, re-
bleeding was independently associated with more fe-
ver (temperature �38.6°C), with more than 90% of
patients developing fever. We and others have previ-
ously reported the association between fever and
poor outcomes, highlighting the need for aggressive
fever control in patients with SAH.23–25

There are limitations to our study. The case-
control design may have led to a selection bias. We
attempted to minimize this by randomly selecting
control patients from preset criteria and found few
major differences between the 2 groups except for
higher rates of premorbid hypertension, seizure at ic-
tus, and worse APACHE II scores in the patients
with rebleeding. This study also represents the expe-
rience at a single center and may not be generalizable
to other centers. Repeating this study in a larger,
multicenter database would be necessary to validate
our main findings. We also did not prospectively

Table 4 Results for postbleed day 7 survivorsa

Rebleeders
(n � 84)

Nonrebleeders
(n � 315) p Value

Medical complications and procedures, n (%)

Hypertension (use of IV antihypertensive) 50 (60) 171 (54) 0.4

Hypotension (use of vasopressors to
maintain SBP >90 mm Hg)

40 (48) 95 (30) 0.003

Hyperglycemia (>200 mg/dL) 56 (67) 172 (55) 0.05

Hyponatremia (<130 mmol/L) 27 (32) 45 (14) �0.001

Hypernatremia (>150 mmol/L) 38 (49) 91 (33) 0.01

Renal failure (Cr >2.5 mg/dL) 8 (10) 6 (2) 0.001

Myocardial ischemia 34 (11) 14 (17) 0.1

Congestive heart failure 11 (13) 42 (13) 0.9

Arrhythmia 14 (17) 45 (14) 0.6

Anemia (requiring transfusion) 52 (62) 129 (41) 0.001

Deep vein thrombosis 8 (10) 21 (7) 0.4

Intubation 72 (86) 206 (65) �0.001

IV sedation 62 (74) 183 (58) 0.009

Infectious complications

Fever (>101.5°F), n (%) 77 (92) 202 (64) �0.001

Sepsis 19 (23) 42 (13) 0.04

Pneumonia 42 (50) 110 (35) 0.01

Urinary tract infection 22 (26) 81 (26) 0.9

Neurologic complications and procedures

Delayed cerebral ischemia, n (%) 33 (39) 96 (31) 0.1

SAH Day of DCI, median � SD 7 � 5 7 �6 0.6

Coiling of aneurysm, n (%) 27 (34) 72 (25) 0.1

Global cerebral edema, n (%) 34 (42) 83 (27) 0.008

EVD/hydrocephalus, n (%) 65 (77) 163 (52) �0.001

Meningitis, n (%) 18 (21) 44 (14) 0.1

Seizures, n (%) 20 (24) 31 (10) 0.001

Outcome measures

Discharge mRS, n (%)

0 or 1 (no or minor symptoms) 1 (1) 39 (12) �0.001

2 or 3 (lifestyle restriction) 7 (9) 71 (23)

4 or 5 (dependency) 62 (76) 168 ( 54)

6 (death) 12 (15) 32 (10)

12-month mRS, n (%)

0 or 1 (no or minor symptoms) 8 (12) 75 (36) �0.001

2 or 3 (lifestyle restriction) 15 (23) 71 (30)

4 or 5 (dependency) 10 (15) 18 (8)

6 (death) 33 (50) 63 (27)

Brain death, n (%) 11 (13) 14 (5) 0.004

ICU LOS, d, median � SD 19 � 10 13 � 8 �0.001

Hospital LOS, d, median � SD 27 � 28 19 � 15 �0.001

Abbreviations: Cr � creatinine; DCI � delayed cerebral ischemia; EVD � external ventricu-
lar drainage; ICU � intensive care unit; LOS � length of stay; mRS � modified Rankin scale;
SAH � subarachnoid hemorrhage; SBP � systolic blood pressure.
a Continuous variables are reported as medians � SD. Categorical variables are reported as
number of patients (% within group).
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track when complications occurred, which would
have aided in our understanding of their importance
to rebleeding, and the reason for intubation (proce-
dural vs respiratory failure) was not recorded.

With increasingly strong evidence that early admin-
istration of an antifibrinolytic agent prevents rebleeding
with minimal life-threatening complications,19 this re-
port lends strength to the need for further study and
promotion of this potentially life-saving therapy. This
report also highlights the need to carefully study and
manage medical complications in prospective trials of
therapies designed to prevent rebleeding.
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