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PURPOSE: To assess the incidence of angiography-related rerupture of intracranial aneurysms
and to analyze other risk factors of this complication. METHODS: Clinical data from 144 patients
with acute subarachnoid hemorrhage from ruptured intracranial aneurysm were reviewed retro-
spectively. In all patients, angiography was done by the transaortic approach. RESULTS: The
incidence of rerupture caused by angiography was 2 (1.4%) of 144 and that of spontaneous
rerupture was 14 (9.7%) of 144. Angiography within 6 hours after the initial subarachnoid hem-
orrhage attack was associated with a significantly higher incidence of rerupture (4.8%) than that
after a longer interval (0%). In cases of spontaneous rerupture, patients with worse levels of
consciousness showed a higher incidence of rerupture, and this tendency also was evident in cases
of induced rerupture. There was no significant correlation between the rerupture rate and the
injection volume of contrast medium, aneurysm location, or patient age or sex. CONCLUSION:
Although angiography within 6 hours after initial intracranial aneurysm rupture was associated with
a higher rate of rerupture, the incidence of rerupture in this study (4.8%) was much lower than those
reported previously (20% to 38.5%). The present findings suggest that emergency angiography
within 6 hours after aneurysm rupture, which enables neurosurgeons to carry out early surgery,
should not be discouraged.
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Although cerebral angiography is necessary
for early diagnosis of ruptured intracranial an-
eurysms, rerupture associated with the angio-
graphic procedure has been reported as a
serious complication. Recently, Japanese neu-
rosurgeons have reported high incidences (20%
and 38.5%) of aneurysm rerupture during emer-
gency cerebral angiography within 6 hours after
ictus (1, 2). Therefore, there may be a tendency
to hesitate or even avoid performing emergency
angiography in patients with acute subarach-
noid hemorrhage within 6 hours after ictus. We
conducted a retrospective study to assess
the incidence of rerupture of intracranial aneu-
rysms associated with angiography and to an-
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alyze other risk factors of this potentially fatal
complication.

Clinical Materials and Methods
Between 1976 and 1992, 167 patients with acute sub-

arachnoid hemorrhage were confirmed angiographically
to have intracranial aneurysm, and records for 144 of them
were available for this study. The mean age of the 144
patients was 56 years, and the female:male ratio was
81:63. Our protocol for angiography included the
Seldinger catheterization technique and a four-vessel
study via the transaortic approach; thus there was no case
of direct puncture of the carotid artery or retrograde trans-
brachial artery injection. We mainly used 6.5F to 7.5F
Headhunter or Simmons catheters (Cook, Bloomington,
Ind) between 1976 and 1984, and 5F to 5.5F Headhunter
or Simmons catheters (Cook, Bloomington, Ind, and
Toray, Japan) after 1984. The contrast media we used
included meglumine diatrizoate (Angiografin, 305.8 mg
iodine/mL [Schering, Berlin, Germany]) between 1976
and 1984; metrizamide (Amipaque, 300 mg/mL [Scher-
ing, Berlin, Germany]) between 1984 and 1986; iopamidol
(Iopamiron, 300 mg/mL [Schering, Berlin, Germany]) be-
tween 1986 and 1988, and a combination of ioxoglate
meglumine and ioxoglate sodium (Hexabrix, 320 mg/mL
9



Fig 1. Case 1.
A, Initial common carotid angiogram

(lateral view) shows an internal carotid pos-
terior communicating aneurysm without
definite extravasation.

B, At the time of second injection, extrav-
asation is evident.
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[Gerbet, France]) after 1989. We also used an automatic
power injector (a Contrac 4E [Siemens, Germany] be-
tween 1976 and 1990, and a Mark V [Medrad, Pittsburgh,
Pa] after 1990) in all cases. The injection volume and rate
were 12 to 15 mL (7 to 8 mL/s) when the catheter tip was
in the common carotid artery, 9 to 12 mL (7 to 8 mL/s)
when in the internal carotid artery, and 5 to 9 mL (5 to 7
mL/s) when in the vertebral artery. Definition of rerupture
associated with angiography was (a) extravasation of con-
trast medium during angiography, (b) an increase of hem-
orrhage evident on computed tomography (CT) after an-
giography, or (c) fresh bleeding from the ventricular
drainage tube or spinal drainage tube. In cases with criteria
b and c, there were associated clinical signs of acute
neurologic deterioration during and within 24 hours after
angiography. In contrast, definition of spontaneous rerup-
ture was criteria b or c above, with the attack occurring
before or 24 hours after angiography. We compared the
induced rerupture rate with the spontaneous rerupture rate
and analyzed statistically (by x2 test) correlations between
rerupture and risk factors such as timing of angiography,
consciousness level (3-3-9 method), contrast material in-
jection rate, and blood pressure.

Results

The incidence of rerupture caused by angiog-
raphy was 2 (1.4%) of 144, and that of sponta-
neous rerupture 14 (9.7%) of 144. The two
cases of induced rerupture were as follows.

Case 1

A 66-year-old woman underwent emergency
angiography 2 hours after onset of subarach-
noid hemorrhage. The preangiographic con-
sciousness level was 100 (3-3-9 method) and
blood pressure was 150/92 mmHg. A left inter-
nal carotid posterior communicating aneurysm
(without extravasation) was revealed by injec-
tion of meglumine diatrizoate (12 mL, 8 mL/s)
into the left common carotid artery (Fig 1A). At
the time of second injection to obtain another
plane or view, extravasation occurred (Fig 1B).
The patient soon underwent surgery for aneu-
rysm clipping, but her consciousness level did
not improve and she died 30 days later.

Case 2

A 50-year-old man underwent cerebral an-
giography 5 hours after onset of subarachnoid
hemorrhage. The preangiographic conscious-
ness level was 10, and the blood pressure
110/76 mmHg. From a catheter positioned in
the left internal carotid artery, contrast material
(ioxaglate) was injected (10 mL, 6 mL/s) three
times. An anterior communicating artery aneu-
rysm was observed without extravasation. After
the angiography, during compression at the
puncture site, ictus occurred suddenly, followed
by rapid deterioration of the patient’s con-
sciousness level. CT revealed an increase of
subarachnoid hemorrhage and the presence of
intraventricular blood. Emergency ventricular
drainage improved his condition, and a clipping
operation performed 9 days later was success-
ful. (In both cases, the patient had no sponta-
neous rerupture other than the induced rerup-
ture.)
In 42 cases, angiography was done within 6

hours after ictus, and in 2 cases (4.8%) (de-
scribed above), rerupture caused by angiogra-
phy occurred (Table 1A). In other cases in
which the interval between ictus and angiogra-

TABLE 1A: Induced rerupture and angiographic timing

Time after Ictus of
Angiography

Induced Rerupture Rate

0–6 h 2/42(4.8%)
7–24 h 0/53 (0%)
2–3 d 0/26 (0%)
4–14 d 0/15 (0%)
15 d 0/8 (0%)
Total 2/144
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phy was more than 7 hours, no induced rerup-
ture occurred. Therefore, angiography within 6
hours after the initial subarachnoid hemorrhage
was associated with a significantly higher inci-
dence of rerupture (P , .05).
The number of spontaneous rerupture are

showed in Table 1B. Each period represents
when the rerupture occurred, but not angio-
graphic timing. It is difficult to show the inci-
dence of spontaneous rerupture because the
denominators (ie, the number of patients who
had not been treated surgically) decreased con-
tinuously. The mortality rate in patients with
rerupture (both induced and spontaneous) was
much higher (80%) than in those without (29%).
There were no induced reruptures and 4

spontaneous reruptures among 89 patients
whose preangiographic consciousness levels
ranged from 0 to 3, whereas 2 induced rerup-
tures and 9 spontaneous reruptures occurred
among 45 patients with consciousness levels of
more than 10 (Table 2). With regard to sponta-
neous rerupture, the difference between the 2
groups was statistically significant (P , .025).
Injection volume and rate are shown in Table

3. All the arteries were feeders of the aneu-
rysms. In this table, N represents the total num-
ber of injections; the average number of injec-
tions was 2.0. The injection volumes and rates
in cases of induced rerupture were almost equal
to the average values.
There was no significant correlation between

rerupture and patient age, sex, or aneurysm
location.

TABLE 1B: Period of spontaneous rerupture

Time after First Ictus No. of Reruptures

0–6 h 1
7–24 h 1
2–3 d 1
4–14 d 9
15 d 2
Total 14

TABLE 2: Consciousness level of the patients

Consciousness Level
(3-3-9 Method)

No. of
Patients

Induced
Rerupture

Spontaneous
Rerupture

0; clear 51 0 3
I (1–3); confusion 38 0 1
II (10–30); drowsy 21 1 3
III (100); semicoma 8 1 2
III (200); coma 14 0 4
III (300); deep coma 2 0 0
Unknown 10 0 1
Discussion

Because rerupture of intracranial aneurysm is
a serious complication with a high mortality
rate, it is important to know whether angiogra-
phy has a significant association with rerupture.
In some reports (3–5), the total rerupture rate

(both induced and spontaneous) was about
30%, with peak times of occurrence within 24
hours (especially within 6 hours) and 1 week
after the first ictus. However, caution should be
exercised when assessing the rerupture rate be-
cause it is influenced by the surgery rate and
timing in each hospital, which tend to vary.
Generally, the rerupture rate in cases allowed to
take a natural course is much higher than in
those cases treated surgically (5). Locksley’s
study of a large series in 1966 revealed 189
reruptures (31%) among 602 nonsurgical cases
and 101 reruptures (16%) among 641 surgical
cases. The rerupture rate in this study, which
included both surgical and nonsurgical cases,
was 15 (10%) of 144. The reason for this lower
incidence is thought to be the progress made in
preoperative management since 1966 and the
relatively earlier timing of surgery.
As to the relation between rerupture rate and

angiography, Yasui et al (3) reported a figure of
3.0% (11 of 368), Iwa et al (2) 4.5% (7 of 154),
Itoh et al (1) 4.4% (13 of 295), and Perret et al
(6) 2.0% (67 of 3376, including 439 patients
with arteriovenous malformations). These data
show a slightly higher rate than 1.4% (2 of 144),
possibly because angiographic methods in
other hospitals included the frequent use of ret-
rograde transbrachial artery injection, which
uses a large volume of contrast material, and
direct carotid artery puncture, which might be
accompanied by pain and subsequent blood
pressure elevation.

TABLE 3: Contrast medium injection

Site N
Volume, mL
(mean)

Rate, mL/s
(mean)

Induced
Rerupture

(volume; rate)

CCA 88 8–17 5–8 1
(13.0) (7.5) (12 mL; 8 mL/s)

ICA 175 6–13 4.5–8 1
(10.1) (6.8) (10 mL; 6 mL/s)

VA 17 10–15 5–7
(12.5) (6.0)

Subclavian 3 7–10 5
artery (9.1) (5)

Note.—CCA indicates common carotid artery; ICA, internal carotid
artery; VA, vertebral artery; and N, total number of injections.



The relation between angiography timing and
rerupture is a very important but controversial
subject. The rate of rerupture associated with
angiography performed within 6 hours after the
first ictus was 4.8% (2/42), which was signifi-
cantly higher than that after 6 hours. Itoh et al
(1) and Iwa et al (2) also reported high inci-
dences of rerupture induced by emergency an-
giography (20% [9 of 45] and 38.5% [5 of 13],
respectively). However, as mentioned previ-
ously, the angiographic method used and other
patient treatment factors may reduce the inci-
dence to a level as low as that in our study.
Therefore we do not favor the opinion that
emergency angiography should be avoided.
Locksley (5) reported that patients with rup-
tured intracranial aneurysm allowed to take a
natural course have a risk of rerupture ranging
from 1% to 4% each day regardless of angio-
graphic timing. Therefore postponement of an-
giography and surgery may increase the spon-
taneous rerupture rate.
From a therapeutic viewpoint, a multiinstitu-

tional study by Kassell (7) indicated that early
surgery reduced the risk of rebleeding but did
not appear to have a major influence on mor-
tality or morbidity resulting from vasospasm.
Therefore, the overall treatment results derived
from a policy of early surgery are better than
those derived from delayed surgery.

Conclusions

The incidence of rerupture of cerebral aneu-
rysm related to angiography was 1.4% (2 of
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144), but spontaneous rerupture was observed
in 9.7% (14 of 144) of patients with acute sub-
arachnoid hemorrhage. The significant risk fac-
tor of angiography induced rerupture was the
timing of angiography within 6 hours after the
initial subarachnoid hemorrhage attack. The
primary risk factor for spontaneous rerupture
was consciousness level of patients (20%, 9 of
45 drowsy, deeply comatose patients).
This study showed that the incidence of re-

rupture induced by angiography within 6 hours
after onset of aneurysm rupture was not so high
as reported before. Emergency angiography,
enabling neurosurgeons to carry out early sur-
gery, should not be discouraged.
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