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THE AIM OF the present study was to analyze the clinical data on rebleeding in cerebral aneurysms during
angiography and to evaluate the importance of the time interval between the latest rupture and angiography.
Fourteen personal cases and 202 patients reported in the literature are reviewed. Rebleeding during angiography
occurred most often (78%) on Day O; 89% bled when angiography was performed within 6 hours of the latest
rupture. The prognosis in such ruptures was poor, with a mortality of 79%. Intentional delay in angiography of
at least 6 hours from the latest rupture is recommended if the associated hematoma is not large. (Neurosurgery

33:798-803, 1993)
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acute stage (i.e., Day O) is not known. That rebleeding

occurs more frequently during the acute phase (Day O)
than in the subsequent stages is being currently debated (4, 30,
35,37, 41). Rebleeding during angiography has been described,
but the mechanisms involved remain unclear. To understand
this phenomenon, we analyzed 14 personal cases (from a series
of 430 consecutive ruptured aneurysms) and reviewed the data
on 202 cases reported in the literature (1-6, 8-22, 24-28, 30-34,
36-40, 42-47, 49-81).

The incidence of rebleeding in cerebral aneurysms in the

PATIENTS AND METHODS

During the past 7 years, 430 ruptured intracranial aneurysms
were treated at our hospital. Computed tomography (CT) and
angiography were performed routinely (except for 12 patients
who were critically ill), and 14 of the 418 patients had an
episode of rebleeding during angiography. Rebleeding was
confirmed by extravasation of the contrast and was strongly
suggested by a remarkable increase in the size of the clot on a
postangiography CT scan. There were 12 women and 2 men
aged between 44 and 90 years (mean, 63 yr). Angiography was
performed under local anesthesia by infiltrating procainamide
at the puncture site. Modified neuroleptanélgesia, with pen-
tazocine and diazepam, was also used in several cases. Intra-
venous administrations of trimetaphan camsylate were used to
control the systolic blood pressure when indicated. During the
first 4 years of the study, angiography was performed at the
earliest time after a CT scan. For the last 3 years, we have
intentionally delayed angiography until at least 6 hours after
the latest episode of bleeding.
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The following data on our 14 patients were reviewed retro-
spectively: 1) age and sex; 2) size of the aneurysm; 3) location;
4) multiplicity; 5) angiographic technique; 6) contrast material;
7) clinical grades both before and after angiography; 8) time
interval between the latest rupture and angiography; 9) treat-
ment; and 10) outcome.

RESULTS

Fourteen of the 418 consecutive patients with ruptured
aneurysms bled during angiography—an incidence of 3.3%
(Table 1). There were 13 saccular aneurysms and 1 dissecting
aneurysm varying from 5 mm to 13 mm in long diameter
(mean, 7.3 mm). The long diameter was measured in 11
patients: only 3 patients were excluded; 1 had a dissecting
aneurysm; in 1, the dome of the aneurysm was lost during
rebleeding; and 1 had a "rupturing” aneurysm where measure-
ment was not possible.

Seven of the aneurysms were on the right side, two were on
the left, and five on the midline. The ruptured aneurysm was
located on the middle cerebral artery (MCA) in five instances,
on the anterior communicating artery and the internal carotid
artery (ICA) in three instances each, on the vertebrobasilar
system in two patients, and the anterior cerebral artery in one
patient. Two patients had multiple aneurysms (two and three
aneurysms, respectively).

A direct cervical carotid puncture was performed in 1 patient,
retrograde brachial angiography was done in 2 patients, and
the Seldinger technique was used in the remaining 11 patients
(transfemoral, 10; transbrachial, 1). The contrast material used
was amidotrizoic acid (Schering AG., Berlin, Germany) in 6
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TABLE 1. Clinical Data on Rebleeding during
Angiography?

Rebleeding Episodes No. of Patients

during Angiography Admitted
ACA 1( 7%) 8 ( 7%)
AComA 3(21%) 141 (34%)
MCA 5 (369%) 97 (23%)
ICA 3 (21%) 109 (26%)
VB 2 (14%) 3 (10%)
Total 14 41 8

2 ACA, anterior cerebral artery; AComA, anterior communicating
artery; ICA, internal carotid artery; MCA, middle cerebral artery; VB,
vertebrobasilar system.

patients and iohexol (Daiichi Pharmaceutical Co., Ltd., Tokyo,
Japan) in 8 patients. All injections were made by a mechanical
injector. For the common carotid, 8 to 12 ml of the contrast
medium was injected at the rate of 8 to 10 ml/s, and 6 to 8 ml
of the contrast was used for the vertebral injection at 4 to 6
ml/s. Local anesthetic alone was used in seven patients, and
neuroleptanalgesia and general anesthesia were used in one
patient each, respectively. Blood pressure control was accom-
plished by administering nifedipine (10 mg orally) in one pa-
tient, and trimetaphan camsylate was administered intrave-
nously in 10 patients.

According to the Hunt and Kosnik (29) grading system, one
patient was a Grade II, five were Grade III, three were Grade
IV, and five were Grade V. After angiography, the grading of
the same group was 10 Grade V patients and 3 Grade IV.

Barring a single patient who presented in the subacute stage,
the interval between the episode of bleeding and admission
was 23 to 120 minutes (mean, 88 min). The interval between
the latest rupture and bleeding during angiography varied from
90 to 240 minutes (mean, 130 min). Eleven patients bled during
angiography when it was done on an "as early as possible”
basis. Two patients—one a delayed referral and another in
whom the angiography was intentionally delayed—also bled
during angiography. During the last 3 years, "intentionally”
delayed angiography did not result in any such bleeding epi-
sodes.

In our series, 10 patients were treated conservatively, 3 un-
derwent clipping, and balloon occlusion was performed in 1
patient. The final outcome was 13 deaths and severe disability
in 1 case.

DISCUSSION

Looking back into the management of patients with ruptured
intracranial aneurysms, the following points may be relevantly
mentioned: 1) the angiographic technique and the contrast
agent; 2) the management strategy of ruptured intracranial
aneurysms; and 3) the recognition of such aneurysms by the
general physicians and the referral pattern. Improvements in
angiographic technique have popularized the transfemoral
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Seldinger procedure over the direct cervical puncture. Simi-
larly, the once toxic and irritating contrast media have given
way to the newer nonionic media that are less toxic. On the
surgical front, with advances in microsurgical technique, the
management strategy for ruptured aneurysms is changing from
delayed to early surgery. This brings up the question of early
diagnosis and angiography, because patients are referred early
and in good grades.

Data from the literature

Since the first report by Abbott et al. (1) on rebleeding during
angiography, several such cases have appeared in the litera-
ture. Of the 202 reported cases of rerupture during angiography
(including our 14 cases), 6 patients did not have saccular an-
eurysms and hence were excluded from the review. These
exceptions were one fusiform aneurysm (28), two traumatic
aneurysms (12, 54), one aneurysm on a moyamoya vessel (60),
one mycotic (66), and one dissecting aneurysm (our series).
Data available on 196 cases with saccular aneurysms were
summarized as follows.

Age was available for 140 patients only. The largest group
was composed of patients who were in their 5th (38 patients)
and 6th decades (37 patients). Twenty-one patients were in
their 7th decade, and 20 in their 4th; there were 11 patients in
the 8th and 10 patients in the 3rd decade of life. Two patients
were in the 9th, and one patient was in the 10th decade. Sex
was distinguished in 164 patients—108 women and 56 men.
The laterality of the aneurysm was described in 153 patients.
Sixty-two aneurysms were on the right, 44 were on the left, and
47 were on the midline. The location of the aneurysm was
described in 179 patients (Table 2).

The time interval between the latest rupture and angiogra-
phy was available for study in 179 patients (Table 3). Among
the 139 patients with rebleeding on Day 0, a detailed time
interval between the latest rupture and the rebleeding was
available in 108 patients. Sixty-seven patients (62%) developed
another rupture within 3 hours, another 29 in 6 hours (27%),
6 in 9 hours (6%), 3 in 12 hours (3%), 2 in 18 hours (2%), and
1 in 24 hours (1%). Thus, 96 patients (89%) developed re-
bleeding within 6 hours from the ictus. These data are shown
in Figure 1.

TABLE 2. The Location of the Reruptured Aneurysms
during Angiography (179 cases)?

Location n %

ICA * 61 cases (34)
MCA 59 (33)
AComA 43 (24)
ACA 6 (3)
VB 10 (6)

# ACA, anterior cerebral artery; AComA, anterior communicating
artery; ICA, internal carotid artery; MCA, middle cerebral artery;
VB, vertebrobasilar system.
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TABLE 3. Time Interval between the Latest Rupture and
Angiography (179 cases)

Time Interval n %
Day 0 139 (78)
1 week 24 (13)
2 weeks 8 (5)
1 month 7 (4)
2 months 1 (1)

No. of patients

80 1
60
40

20

0 M j

3 6 9 -24 hrs
FIGURE 1. Graph shows the time interval from the latest
rupture to the angiography on Day 0.

-12 -18

Angiographic technique was described in 90 patients. A di-
rect puncture of the carotid artery was performed in 52 patients.
The Seldinger technique was employed in 33 patients (through
1 transbrachial [in our series] and 32 transfemoral routes). Rup-
ture occurred in one patient when a direct puncture of the
carotid artery was combined with contralateral carotid com-
pression (77). In four patients, rebleeding occurred during ca-
rotid compression in the neck (49, 81). The specific anesthetic
technique was described in 81 patients (although local anes-
thesia was probably used in all patients). Local anesthesia was
employed in 35 patients, neuroleptanalgesia in 28 patients, and
general anesthesia in 18 patients.

The clinical grades before and after angiography were de-
scribed in 154 and 129 patients, respectively. The clinical
grades before angiography were 0 in 1 patient (17), II in 14
patients, IIl in 35 patients, IV in 50 patients, and V in 54
patients. Grades after the angiography were I in 1 patient, Il in
2 patients, III in 3 patients, IV in 21 patients, and V in 102
patients.

Forty-five patients were treated by clipping. The other modes
of treatment such as balloon occlusion and carotid ligation
(excluding ventricular drainage) were performed in 10 patients.
Ninety-eight patients were treated conservatively (including
ventricular drainage). Forty-one patients had ventricular rup-
ture, and 90 did not. Nine patients with ventricular rupture
were alive, and 32 had died. Sixteen patients without ven-
tricular rupture were alive, and 74 had died.

The details of the final outcome were available on 192 pa-
tients. Nineteen patients made a good recovery, 11 had a mod-
erate disability, 5 had a severe disability, and 152 patients had
died. In addition, five patients were simply described as being

alive. Thus, 40 patients were alive and 152 had died. The rate
of good recovery was 10%, and the survival rate was 21%. The
mortality rate was 79%.

Timing of rebleeding during angiography

Rebleeding in ruptured aneurysms has been reported to oc-
cur more often within the first 24 hours than later (4, 30, 35, 37,
41). Within the first 24 hours, there are reports indicating that
the rebleeding occurs more often within 6 hours of the ictus (4,
30). Our data and other reports (4, 30-32, 44, 58, 68) have
shown that rebleeding during angiography often occurs within
6 hours from the time of the latest ictus (Fig. 1). Whether this
rebleeding within 6 hours occurs as a natural course or is
induced by angiography remains unclear. A comparison be-
tween the natural incidence of rebleeding and the incidence of
rebleeding during angiography will have to be studied to evalu-
ate the role and the risk of early angiography in ruptured
intracranial aneurysms. Ito et al. (31) and Inagawa et al. (30)
report that the incidence of rebleeding during angiography was
significantly higher than the incidence of rebleeding during the
initial 5 to 6 hours in the natural course of events.

Location of the reruptured aneurysms

The aneurysms that rebled were more common in the an-
terior circulation, which coincides with the greater frequency of
aneurysms in this territory. The incidence of angiographic re-
bleeding was the highest for MCA aneurysms in our series, but
the reviewed literature indicated a higher incidence of angio-
graphic rupture for ICA and MCA aneurysms. It may be re-
called that the MCA, anatomically, is a continuation of the ICA,
and relevant changes in the intravascular pressure may be
transmitted from the ICA to the MCA.

Change of the intraluminal blood pressure during
angiography

Changes in blood pressure during contrast injections have
been reported. Although Bakay and Sweet (7) and Greitz (23)
showed no significant increase in the intraluminal pressure
within the ICA during contrast injections, Lin et al. (48) showed
a transient increase in the intraluminal pressure within the ICA
after brachial injections. An abrupt increase in the intraluminal
pressure in the ICA, if any, could lead to the rupturing of the
aneurysm. This pressure change may be transmitted to the
MCA territory also.

Incidence of rebleeding during angiography

A rate of 3.3% of rebleeding in our series is almost the same
as 3.1% (26 of 837 patients) reported by Sampei et al. (68), who
had performed angiography on an "as early as possible ” basis.
We think that angiography on this basis has a potential risk of
about 3% of rerupture during the procedure. Angiographic
rebleeding predictably worsened the patients’ clinical grading,
and the outcome was obviously poor with a 79% mortality rate.
Among the survivors, about 10% made a good recovery, in-
dicating what chances of recovery these patients have (16, 44,
68, 71).
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CONCLUSIONS

We believe that diagnostic angiography may be reasonably
and safely delayed for about 6 hours to avoid the high-risk
period. During this waiting period, the patients are adequately
sedated and their blood pressure is kept under control. This,
however, may not apply to patients with large hematomas
demanding emergency surgery.
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COMMENTS

Komiyama and colleagues have brought us up-to-date on the
often discussed and much feared complication of aneurysmal
rupture during angiography. In my aneurysm experience, this
complication is extremely rare, but one cannot help but specu-
late that early and ultraearly aneurysm surgery demands ur-
gent angiography, which may well substantially increase the
risk of recurrent hemorrhage from the ruptured sac. Recurrent
hemorrhage from an aneurysm is the most feared complication
of subarachnoid hemorrhage, and it always results in a worse
grade and a worse outcome. This report of a 3.3% incidence of
rebleeding and a very similar 3.1% rate of recurrent hemor-
rhage during angiography reported by Sampei certainly gives
one reason to pause before rushing a patient to the angio-
graphic suite in the first 6 hours or, perhaps, even in the first
day.

Sydney J. Peerless
Miami, Florida

803

This article provides some valuable data regarding both the
3% incidence of rerupture of an aneurysm during angiography
that is performed within 6 hours of the latest rupture and the
poor prognosis in these patients with rerupture. The authors
recommended an intentional delay of at least 6 hours from the
latest rupture before performing cerebral angiography if there
is no large localized hematoma. These are important items of
information and should be incorporated into the daily clinical
care of patients.

We have experienced two cases of rerupture of intracranial
aneurysm during cerebral angiography in our series of over 800
cases. We performed cerebral angiography by the transfemoral
approach and internal carotid injection. We postulated that
vascular spasm around the catheter may cause a dramatic in-
crease in wedge pressure, resulting in the rerupture of the
aneurysm. Since then (1983), we have changed our catheter
location to the common carotid artery and have not yet expe-
rienced rerupture of an aneurysm during the angiography in
our series of 560 cases. I would like to emphasize that our
aneurysm work-up with cerebral angiography is usually per-
formed beyond 6 hours after the clinical onset of symptoms.

With the advent of high-resolution digital angiography,
nowadays, we perform all our cerebral angiography with a
smaller volume of contrast at a slower rate of injection for
common carotid studies (volume, 4-5 ml at 3 ml/sec) and
vertebral studies (volume, 3-4 ml at 3 ml/sec). It would be
interesting to find out the rate of rerupture during angiography
with these reduced volumes of contrast and rates of injection.

Chi-Shing Zee
Los Angeles, California
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