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Objective : Aneurysmal rebleeding is a major cause of death and disability. The aim of this study is to investigate the incidence of rebleeding,
and the factors related with patient’s outcome.

Methods : During a period of 12 years, from September 1995 to August 2007, 492 consecutive patients with aneurysmal subarachnoid
hemorrhage (SAH) underwent surgery at our institution. We reviewed the patient’s clinical records, radiologic findings, and possible factors
inducing rebleeding. Also, we statistically analyzed various factors between favorable outcome group (FG) and unfavorable outcome group (UG)
in the rebleeding patients.

Results : Rebleeding occurred in 38 (7.7%) of 492 patients. Male gender, location of aneurysm (anterior communicating artery) were statistically
significant between rebleeding group and non-rebleeding group (p=0.01 and p = 0.04, respectively). Rebleeding occurred in 26 patients (74.3%)
within 2 hours from initial attack. There were no statistically significant factors between FG and UG. However, time interval between initial SAH
to rebleeding was shorter in the UG compared to FG (FG =28.71 hrs, UG = 2.9 hrs).

Conclusion : Rebleeding occurs more frequently in the earlier period after initial SAH. Thus, careful management in the earlier period after SAH

and early obliteration of aneurysm will be necessary.
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INTRODUCTION

Aneurysmal rebleeding is a major cause of death and
disability in patients with subarachnoid hemorrhage (SAH).
However, few risk factors have been identified for rebleeding,
and there are many controversies over these risk factors.

Some authors reported that rebleedings occured more
often in patients with large aneurysm, however others
could not confirm this*'>'*". Also, many studies reported
that there was highest risk of rebleeding within the first 24
hours, whereas other studies demonstrated after 3 days or
no association with time period"'7**?.

The aim of this study is to describe the incidence of reb-
leeding and to investigate the factors related with clinical
outcome in the rebleeding patients.
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MATERIALS AND METHODS

This study was approved by the Institutional Review
Board. During a period of 12 years, from September 1995
to August 2007, 492 consecutive patients with aneurysmal
SAH underwent neurosurgical clipping in our institution.
We reviewed the patients’ clinical records, radiologic find-
ings, and various factors associated with rebleeding.

The inclusion criteria were as follows : 1) rebleeding from
ruptured aneurysm; 2) after initial SAH, rebleeding was
confirmed by repetitive computed tomographic (CT) scan;
3) the patients underwent surgical clipping.

The investigation had two arms. The first arm included
the total number of patients with aneurysmal SAH who
underwent surgery within 48 hours after initial event. We
divided this population into two groups; rebleeding group
(RG) and non-rebleeding group (NG). We compared demo-
graphic data (sex, age, and history of diabetes and hyper-
tension), radiologic findings (size, location of aneurysm,
and Fisher’s grade) and clinical factors [Hunt Hess (H-H)
grade, Glasgow Outcome Scale (GOS)] in each group.
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The second arm only assessed re-

bleeding patients. We divided this

Table 1. Univariate analysis of demographic and clinical data in 492 patients studied*

No. of pdtients

Varidbles — R L value
population into two groups; favorable Rebleeding group Non- rebleeding yroup
outcome group (FG; GOS 4, 5) and Sex 0017
unfavorable outcome group (UG; Mulg 2] 161
GOS 1, 2, 3) after six months from VFemulre 17 28
.. Age (yeurs) 51.73+11.22 53.69 + 12.06 0.334
lanlal SAH. We compar.ec.l demogra- Hunt Hess grade 0000
phic, radiologic, and clinical factors | 0 0
between these two groups. In addition, I 4 25
rebleeding-related factors, including Il 1 97
time interval from inital SAH to re- IV 15 77
bleeding, patients circumstance of re- v 18 46
bleeding, type of rebleeding, initial Fisher grade 0.000
systolic blood pressure, systolic blood I 0 27
pressure after rebleeding, change in [ 2 9
systolic blood pressure, and initial i 5 187
blood glucose. vV 31 142
Comparisons between two groups Locution of An 0.047
were analyzed using the independent ACA 20 179
Student’s t-test and chi-square test. All MCA 10 12
data was presented in mean * standard llf:ol:’rerior ’ ]?Z
deviation. The result less than p = 0.05 Mulivle | %
was considered statistically significan. Size of An (mm) 0339
<10 28 355
RESULTS 1025 9 95
>25 1 1
Partl Medicul History
During this study period, 492 pa- Diubetes 3 35 1,000
tients fulfilled the inclusion criteria. Hypertension 16 159 0.381
Mean age of the study population was GOS 0.000
53.5 * 12.0 years, 182 were men | 19 70
(37%), and 310 were women (63%). I 3 19
Rebleeding occurred in 38 patients . 2 21
(7.7%). Initial H-H grade, Fisher’s v 6 40
\% 8 304

grade, male gender, and location of
aneurysm (anterior communicating
artery) were significantly different

(Table 1).

Part Il

A total of 35 patdents fulfilled the inclusion criteria. Three
patients were excluded because rebleeding-related factors
were unidentified. Mean age was 52.5 * 11.3 years, 18 were
men (51.4%), and 17 were women (48.6%). Among these
patients, 14 patients (40%) showed favorable outcome and
21 patents (60%) showed unfavorable outcome after 6
months from initial SAH.

In 26 patients, the time elapsed from initial SAH to reb-
leeding was within 2 hours (74.3%) (Fig. 1). Mean time
interval of rebleeding in FG was 26.7 hours, and 2.9 hours

*Dutu ure presented us number or meun + stundard deviation. An @ uneurysm, ACA : unterior cerebral
artery, MCA : middle cerebral artery, ICA : internal cerebral artery, GOS : Glusgow Outcome Scule

in UG (p = 0.297). The most frequent type of rebleeding
was intraventricular hemorrhage (n = 10, 28.6%) followed
by intracerebral hemorrhage (n = 9, 25.7%). Rebleeding
occurred during transfer (n = 13, 37.1%), anesthesia (n = 5,
14.3%) and angiogram (n = 4, 11.4%), also in bed or stret-
cher car (n = 13, 37.1%), (Fig. 2). There were no significant
differences between FG and UG (Table 2).

DISCUSSION

In this study, the incidence of aneurysmal rebleeding was
7.7%. Although previous studies***” have reported the range
of incidence of aneurysmal rebleeding was between 17.3%
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n =26 (743%) within 2 hours
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Fig. 1. Time intervals from the initial subarachnoid hemorrhage to rebleeding
in the 35 patients. Note that aneurysmal rebleeding occurred within 2 hours
after initial subarachnoid hemorthage in the 26 patients (74.3%).

t0 19.9%, our result corresponds with the results of recent
studies™'**?, ranging from 4.0% to 9.7%. This discrepancy
could be explained by the development of endovascular
and surgical therapies, and advances in intensive care man-
agement.

Some investigators have reported the timing of rebleeding
after inidal SAH. In a series of 273 patients, Ohkuma et
al."” reported the peak time of rebleeding was within 2
hours (77%) after the initial SAH. In 2007, Tanno et al.?
reported that overall rebleeding occurred in 88 out of 181
patients within 6 hours (48.6%). Consistent with these
reports, we found that the most of rebleeding occurred
within 2 hours (74.3%) after ictus in our series. Accordingly,
these findings suggest aneurysmal rebleeding occurs more
frequently in the earlier period after the initial SAH than
previous reports'**?.

In the analysis of factors associated with aneurysmal
rebleeding by Naidech et al.'”, H-H grade on admission
and maximal aneurysm diameter were independent predic-
tors of rebleeding. On the other hand, Ohkuma et al."”
reported the significant differences in H-H grade, rate of
intracerebral hematoma, intranventricular hematoma, sub-
dural hematoma on CT scan at the dme of admission, oper-
ability and prognosis between RG and NG. Also, systolic
arterial pressure > 160 mmHg was a possible risk factor of
rebleeding. In 2006, Pleizier et al."” suggested that the
hazard ratio of rebleeding in large versus small aneurysms
was 1.6 [95% confidence interval (CI) 1.0-2.6].

In this study, we found that initdal H-H grades, Fisher’s
grades, and GOS were significant rebleeding factors. Ano-
ther interesting finding of this study was that male gender
and location of aneurysm (anterior communicating artery)
were significant different factors between RG and NG.
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Fig. 2. Various conditions that have occurred rebleeding in the 35 patients.
Note that in-hospital rebleeding occurred in the 22 patients (62.8%). CT :
computed tomography.

Previous reports suggested that in male gender, ruptured
aneurysms were more common in the anterior cerebral
artery”'®. Although there was no significant difference, a
recent retrospective study showed that aneurysm was located
in the anterior communicating artery (30.4%) and the in-
ternal carotid artery (26.0%) in the rebleeding patients™.
Hemodynamic factors are more important in aneurysm
formation in male gender due to size of the anterior cerebral
919 The relationship between

aneurysmal rebleeding and hemodynamic factor can explain

artery and its complexities

why rebleeding in male gender and anterior communicat-
ing artery is more common. Also, it seems reasonable to
speculate that gender-related predisposition to rebleeding
might reflect prevalent location of aneurysm and anatomical
relationship between aneurysm and surrounding structures.
Further investigation for epidemiology of the rebleeding
patients will be necessary.

Muldple clinical factors were evaluated for their clinical
significance to predict the outcome in our series. Alchough
there were no significant clinical factors, the time interval
between initial SAH to rebleeding was longer in FG. This
suggests that careful management and early intervention for
obliteration of aneurysm could yield to favorable outcome
in the rebleeding patients.

Some previous reports have mentioned the prevalent
circumstances of rebleeding. In large series of 559 patients,
Sasaki et al.*” reported that 19.9% of rebleeding from the
ruptured aneurysm had occurred during transfer. In 2006,
Ohkuma et al."” reported that 13.6% of patients suffered
from rebleeding in the ambulance or at the referring hospital
before admission. We found that out-hospitalization
rebleeding rate was 37.1%. Our results were somewhat
higher than the studies above. This discrepancy may be due
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Table 2. Univariate analysis of demographic and clinical variables of 35 rebleeding patients g the difference of emergency medi-
associated with GOS*

cal delivery system. Consistent with

No. of pdtients 3-6,10,11,15)

Varidbles pvalue previous reports , We experi-
FG Ve . . .
enced rebleeding during angiogram (4
Sex 0.500 .
Ve 6 - cases) and anesthesia (5 cases). Thus,
i more careful attention will be neces-
Femule 8 9 . .
Age (years) 5200+ 12.10 5280+ 11.07 0.840 sary while performing these proce-
Initicl H-H Gr 0370 dures. .
I 9 8 Limitations of this study need to be
il 5 19 mentioned. First, we only addressed
v 0 1 the patients who underwent neuro-
vV 0 0 surgical clipping. From January 2004
rebleeding H-H Gr 0098 to December 2007, we investigated
\% 8 7 261 patients with spontaneous SAH
Vv 3 12 whom were admitted to our institu-
undertermined 3 2 tion. Definitive treatment (clipping)
Fisher Gr 0210 of SAH was provided in 158 patients
I 2 0 and 103 were untreated. Rebleeding
l 1 4 was identified in 19 patients (7.3%),
v . 1 17 7 in the clipping group and 12 in the
Locdtion of An 0891 untreated group (Fig. 3). However, we
ACA 8 ? could not completely identify rebleed-
MCA 4 6 .
ing, because 35 among untreated ane-
ICA 2 5 .
, urysmal SAH patients were suddenly
Mulple 0 ] expired or transferred to other hospi
MD of An (mm) 800+ 405 900+ 621 0600 P P
Medical History tals. Also, we could not perform follow
Didbetes 9 . 0551 up b.ram'CT scan to confirm the reb-
Hywertension 4 12 0,09 leedmg in ;‘111 SAH patients due to
Initicd BST (My%) 16921+ 51.42 170.85 + 44.82 0921 financial difficulties, refusal from
Inficil SBP (MmMH) 152,14 23,59 15095+ 17.29 0864 relatives, and moribund status. There-
Post-rebleeding SBP 167.85 % 32.38 17142+ 36.23 0768 fore, the true incidence of aneurysmal
(MMHY) rebleeding was somewhat higher than
Difference of SBP between 15712408 24,28 + 3627 0.444 that of this study and further pros-
initicl SAH und rebleeding pective investigation will be needed.
Meun elupsed time fo 28.71+88.78 2.90+4.10 0.297 Another limitation was the retros-
rebleeding (hours) pective design of this study.
Tool of ungiogrum 0.163
TFCA 8 ’ CONCLUSION
CTA 6 14
Sifudtion of rebleeding 0.434 Rebleeding occurs more frequently
during referrdi 6 / in the earlier period after initial SAH.
TFCA 1 0 We should consider the possibility of
CTA 3 0 . . .
rebleeding during early angiogram
unesthesiu 1 4 . . .
and anesthesia. Early obliteration of
bed, stretcher car 3 10
: aneurysm would be mandatory.
Mortality 0 16 0.000

*Dutu ure presented us humber or meun + stundurd deviation. GOS : Glusgyow outcome scule, FG :

favordble outcome group (GOS IV, V), UG : unfavordble outcome group (GOS LILIN, H-H : Hunt-Hess, Gr : References

grade, An : uneurysm, ACA : unterior cerebral urtery, MCA : middle cerebral urtery, ICA : internal 1. Bae HG, Do JW, Lee KS, Yun IG, Byun
cerebral artery, MD : maximal diameter, BST : blood sugar test, SBP : systolic blood pressure, SAH : BJ : Clinical significance of rebleeding and
suburachnoid hemorrhuge, TFCA : frunsfemoral cerebral ungiogram, CTA, computed tomographic risk factors affecting rebleeding in patients

ungiogrum. with spontaneous subarachnoid hemor-
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204 aneurysmal SAH
patients

261 sponfaneous SAH
patients

57 unknown origin
SAH patients

1581reqteq patients - 7 s seiE
(clipping)
46 unfreated patients 7‘ 9 rebled patients ‘
3 rebled patients

Fig. 3. Flow diagram showing the rebled patients among 261 spontaneous subarachnoid hemorrhage (SAH) patients during a 4-year period from January
2004 to December 2007. Among 57 patients with unknown origin SAH, 25 were verified by angiography and 32 were not verified by angiography.
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