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Active Bleeding from Ruptured Cerebral
Aneurysms during Diagnostic Angiography:

Emergency Treatment
Joachim Klisch, Astrid Weyerbrock, Uwe Spetzger, and Martin Schumacher

Summary: Despite new developments in the treatment of
cerebral aneurysms, recurrent hemorrhage of an aneurysm
is the most feared complication of subarachnoid bleeding.
The prognosis of patients with early reruptured aneurysms
is discouraging. A rerupture of an aneurysm with active
bleeding is extremely rare, and the mechanisms involved
remain unclear. We report the management of active bleed-
ing of reruptured aneurysms during diagnostic angiogra-
phy. In two patients, emergency treatment of the active
hemorrhage was performed by means of neurosurgical in-
tervention and by an endovascular approach in one other
case. The causes and management of reruptured aneu-
rysms with active bleeding are also discussed within the
context of a review of the literature.

Advances in diagnostic and therapeutic techniques,
together with the improvement of peri- and post-
therapeutic care, have resulted in a much safer treat-
ment and better outcome of patients after subarach-
noid hemorrhage (SAH). Nevertheless, a rerupture of
aneurysms with demonstration of active bleeding is
rare, and the outcome is extremely poor.

In a cooperative study of 5484 patients with SAH,
only one case of extravasation of contrast medium
was noted during diagnostic angiography (1, 2). Re-
cently, Saitoh et al (3) reported a 4.8% incidence of
rerupture during angiography within 6 hours after
initial intracranial aneurysm rupture. Rerupture
caused by angiography was estimated to occur in
1.4% (2/144) of cases. Komiyama et al (4) revealed a
rebleeding rate of 3.3% during diagnostic angiogra-
phy within 6 hours after SAH. The mortality rate was
80% (3, 4). Taking these facts together, it is assumed
that the overall risk of an aneurysm rerupture during
diagnostic conventional angiography within 6 hours
after ictus is 1–2% (5).

The question of whether rebleeding occurs coinci-
dentally as a natural course, by the angiographic pro-
cedure itself, or by other mechanisms remains un-
clear. It is assumed that rerupture of an aneurysm
that has recently bled can be caused by a single or

several factors such as increased blood pressure, de-
creased intracranial pressure, vasospasm, and quick
injection of a large volume of contrast medium (1). A
review of the literature revealed no significant corre-
lation between rerupture rate and injected volume of
contrast medium; aneurysm size, shape, or site; CT
findings of intracerebral or intraventricular hemor-
rhage; and patient age or sex (3, 4). Angiography
within 6 hours after the first SAH and the state of
consciousness, however, appear to be significant risk
factors for aneurysm rerupture (3). Rerupture of an
aneurysm with an active hemorrhage is very rare but
needs an interdisciplinary strategy of emergency
treatment. We report our experience with the man-
agement of reruptured SAH in three patients.

Case Reports

Case 1
A 31-year-old woman had an acutely severe headache, nau-

sea, and tinnitus (Fig 1). Initial CT showed an SAH in the right
sylvian fissure. At admission to the neurosurgery department 2
days later, angiography revealed a left middle cerebral artery
(MCA) aneurysm. Because angiographic findings and bleeding
type seen on the CT scan were different, angiography was
repeated, showing a right broad-necked MCA aneurysm. Dur-
ing angiography there was a drop of blood pressure and an
episode of bradycardia. A mild local vasospasm of proximal
MCA branches developed, indicating rebleeding of the MCA
aneurysm (Fig 1A) without visible extravasation of contrast
medium. The localization of the MCA aneurysm and its broad
neck as well as already existing vasospasms were arguments
against endovascular treatment in this case. The patient under-
went surgical clipping the following day. She recovered and was
discharged 4 weeks later without neurologic deficit.

Case 2
A 60-year-old man with a long history of chronic headache

had an acute onset of severe headache and was found by his
wife with complete aphasia and right hemiparesis several hours
after having a generalized seizure (Fig 2). CT showed an SAH
in the left sylvian fissure. After intubation for angiography, the
patient developed an acute bradycardia and arrhythmia. Dur-
ing diagnostic angiography, acute rebleeding of a left MCA
aneurysm with extravasation of contrast medium into the syl-
vian fissure could be demonstrated (Fig 2). CT was performed
immediately, showing a massive intracerebral hemorrhage
(ICH) with mass effect and moderate midline shift. Because of
the ICH, emergency surgery was indicated. The aneurysm was
clipped successfully, and after a long hospital course compli-
cated by vasospasm and a wound infection, the patient was
discharged with significant permanent neurologic deficits.
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Case 3
A 52-year-old man was admitted 10 hours after onset of

SAH with symptoms of severe headache and nausea (Fig 3).
Three months earlier, the patient had an episode of acute
headache, but MR imaging at that time revealed no SAH or
aneurysm but signs of vascular encephalopathy. After a gener-
alized seizure indicating a first rebleed, he deteriorated from
Hunt and Hess grade III to grade V. After intubation and
initiation of deep anesthesia, isocoria returned, and the patient
was transported to the neurosurgery department. Initial CT
showed a massive SAH with hydrocephalus due to intraven-

tricular blood. A ventricular drain was placed immediately
showing more than 50 cm water pressure. Systemic blood pres-
sure was 180/100 mm Hg at admission and increased suddenly
to 240/100 mm Hg, indicating a second rebleed with concom-
itant anisocoria after 1 hour. A few minutes later, arterial blood
was drained from the ventricle. Emergency angiography of the
right ICA revealed an anterior communicating artery aneurysm
(4.5 � 2.8 � 1.9 mm) with active bleeding into the subarach-
noid space and the chiasmal cistern (Fig 3). Because of the
massive active bleeding, extended brain resection would have
been necessary to control bleeding surgically. Endovascular

FIG 1. Case 1.
A, Right ICA angiogram (anteroposterior

view [left] and lateral-oblique view [right],
arterial phase) shows an MCA aneurysm.
During angiography, blood pressure
dropped and an episode of bradycardia and
mild local vasospasm of proximal MCA
branches developed without visible extrav-
asation.

B, CT scans obtained immediately after
angiography shows an SAH located in the
right sylvian fissure.

FIG 2. Case 2. Left ICA angiograms (anteroposterior view, early arterial, and early venous phases) demonstrates active bleeding into
the lentiform nucleus from an MCA aneurysm and mild local vasospasm.
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treatment was carried out by using a series of detachable coils.
Because of the morphology of the aneurysm and the large tear
in the aneurysm dome, occlusion of the parent artery along
with the aneurysm was necessary. Over the next 4 days, eleva-
tions of the intracranial pressure could not be controlled, and
the patient died.

Discussion
Rerupture of previously bled aneurysms, as de-

scribed in our three cases, has high morbidity and
mortality rates. The estimated mortality rate is be-
tween 50% and 80% (3–9). There are only a few
reports on the management of patients with docu-
mented active bleeding after rerupture of an aneu-
rysm (8, 9). Rerupture during diagnostic angiography
occurs in about 1–2% of cases (5), and it often re-
mains unclear whether this is a coincidental event or
caused by the procedure. In the literature, various
studies analyzing risk factors for ultra-early rebleed-
ing have revealed inconsistent results. Saitoh et al (3)
and Komiyama et al (4) found no significant correla-
tion between rerupture rate and injected volume of
contrast medium; size, shape, and site of aneurysm;
presence of intracerebral or intraventricular hemor-
rhage; or patient age or sex (3, 4). In their study of
179 patients with SAH, however, Fuji et al (6) stated
that the incidence of rebleeding depends on high
systolic blood pressure, intracerebral or intraventric-
ular hemorrhage, and poor neurologic condition on
admission. Furthermore, Fuji et al (6) found three
factors to be independently associated with ultra-
early rebleeding: the level of enhancement of platelet
sensitivity, the time interval between last attack and
admission, and the plasma level of the thrombin-
antithrombin complex.

Komiyama et al (4) reviewed 14 of their own cases
and 202 cases in the literature with rebleeding during
angiography and found that most rebleedings oc-
curred within 6 hours after the last SAH. Fujii et al
(6) could not verify that emergency angiography was
an independent risk factor for ultra-early rebleeding.

Karhunen et al (10) performed an autopsy series of
76 patients with fatal outcome following SAH. The main
cause of sudden death or rapid clinical deterioration was
intraventricular hemorrhage from an MCA aneurysm,
complicated later in many cases by cerebral artery va-
sospasm. There is no definite proof of an acute phase of
arterial spasm following rupture of an aneurysm; how-
ever, this vasospasm is usually related to a prior episode
of bleeding in most cases (11).

In the acute phase of rerupture, stabilization of
blood pressure, together with ventricular drainage,
seems to be the treatment of choice. After an aneu-
rysm rupture, there is a sudden elevation of intracra-
nial pressure to a level approaching systemic blood
pressure. This tamponade effect prevents further
bleeding and allows formation of a platelet plug at the
site of the rupture. Then, over the next hours, this
plug is reinforced by fibrin (12). Aoyagi et al (13)
assumed that a gradual and progressive thinning of
the wall of bump-type aneurysms and the fibrin net
covering the brittle dome, which does not tolerate
slight increases in pressure, are responsible for early
rerupture. Therefore, in Hunt and Hess grade III or
IV patients, breath holding during CT examination
and lumbar puncture with evacuation of large
amounts of CSF should be avoided during the first
hours after the first hemorrhage (13).

The role of intracarotid pressure changes during
injection of contrast material is also not fully under-
stood. These pressure changes depend on many in-
teracting factors, such as vasospasm in proximity to
the catheter tip, size and branching of the arteries,
peripheral anastomoses, autoregulation, pulsation,
and blood viscosity. Saitoh et al (14) concluded from
experimental data in dogs that standard injection
rates and doses might also contribute to some eleva-
tion of intracranial blood pressure in humans. This
confirms Stoeter et al’s (15) observation of an eleva-
tion of mean ICA blood pressure during cerebral
angiography. Therefore, it can be assumed that the
intraaneurysmal pressure is increased by the injection

FIG 3. Right ICA angiogram, anteroposterior view. Active bleeding from the reruptured anterior communicating artery aneurysm during
the angiography is visible (left two pictures). The dome of the aneurysm is completely lacerated. Extravasation of contrast material into
the chiasmal cistern is visible. The diameter of the neck is 1.9 mm, and the diameter of the fundus 4.5 mm. After detachment of the first
coil, bleeding continued, and protrusion of the coil into the subarachnoid space was imminent. Closure of the aneurysm with parent
vessel occlusion of the A1-A2 segment of the right anterior cerebral artery (right two pictures).

2064 KLISCH AJNR: 24, November/December 2003



of contrast medium (16). Komiyama (4) pointed out
that there is a higher incidence of angiographic rup-
ture for ICA and MCA aneurysms, because a signif-
icantly higher intravascular pressure is measurable far
from the site of injection. In addition to this, however,
Hinshaw et al (17) showed a nonlinear pressure-vol-
ume relationship inside the aneurysms during injec-
tion of contrast medium, which leads to a sudden
enlargement of the aneurysm and subsequent rup-
ture. Obviously, in clinical routines the small volume
(6 mL) of contrast material at an injection rate of 3–6
mL per second is able to rupture an aneurysm (18).
Yousem et al (19) recently reported the prevailing
opinion that the rate of intraangiographic aneurysm
ruptures is negligible. On the other hand, some au-
thors advocate avoiding conventional angiography
during the first 3–6 hours after the first hemorrhage
because of the high incidence (4.8–32%) of aneurysm
rerupture during emergency cerebral angiography (3,
20). Although there is a significantly higher rate of
rerupture within 6 hours after the initial aneurysm
rupture (3), emergency angiography should not be
discouraged, because several studies revealed that
early surgery reduces mortality and morbidity (21,
22). In addition, on the basis of a study of 317 patients
treated by coil embolization within 30 days after an-
eurysm rupture, Byrne (23) concluded that patients
should be treated as soon as possible after an SAH,
because the technique appears less susceptible to the
adverse effects of vasospasm during the initial 3–10-
day period after SAH. This strategy may be supported
by Amagasa’s (24) analysis of 197 cases with early
angiography after aneurysm rupture reporting only
one case of rerupture.

In two of our three cases of rerupture, an extrava-
sated saccular pooling of contrast medium was clearly
visualized in the arterial phase and in the late venophase
during angiography, indicating active bleeding. During
this acute phase, CT angiography may be an alternative,
noninvasive tool to localize the bleeding aneurysm (eg,
in cases of SAH and acute subdural hematoma [25–27]).

Conclusion
The management of active bleeding from rerup-

tured aneurysms during diagnostic angiography is in-
terdisciplinary. The strategy of individual emergency
treatment depends on the localization and configura-
tion of the aneurysm, the type of bleeding (SAH,
ICH, subdural hematoma), and associated complica-
tions such as thrombosis of the parent vessel. Despite
new treatment modalities, however, the prognosis of
patients with reruptured aneurysms during diagnostic
angiography is still very poor.
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