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Abstract
Introduction Intracranial aneurysm rupture during emboli-
zation with detachable coils is reportedly among the gravest
of intraprocedural complications. We present here our
experiences with this outcome, and a potential intervention
for managing this life-threatening complication.
Methods From April 1998 to March 2005, 284 patients
with cerebral aneurysms were treated with detachable coils.
Intraprocedural aneurysm rupture occurred in ten patients
with a history of a previously ruptured aneurysm. In the
event of intraprocedural hemorrhage, we routinely per-
formed heparin reversal with protamine sulfate.
Results Of the 221 patients with a previously ruptured
aneurysm, intraprocedural aneurysm rupture occurred in 10
(4.5%). These ruptures were caused by a microguidewire in
one patient, a microcatheter in one, over-packing in two and
a coil perforation in three. In the remaining three patients
the ruptures were caused by both the microcatheter and the
coils. Three patients died because of aneurysm re-rupture,
yielding a mortality rate of 30%. One patient presented with
a slight disability in the left leg and no neurological deficits
were observed in the remaining six patients.
Conclusion Intraprocedural aneurysm rupture during em-
bolization is a rare, but unavoidable and life-threatening

event. Proper measures should be taken to reduce and
improve the outcome of this tragic occurrence. The
majority of patients with an intraprocedural ruptured
aneurysm can survive without severe sequelae if managed
appropriately.
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Introduction

Although direct endovascular occlusion of intracranial
aneurysms with detachable platinum coils has gained
increasing popularity as an alternative to surgical clipping
because of its acceptable morbidity and mortality rates and
an efficacy comparable with that of surgical treatment [1–
9], intraprocedural aneurysm rupture continues to be among
the most feared complications of endovascular treatment,
and one that any interventional neuroradiologist treating
aneurysms has to face. The rate of intraprocedural
aneurysm rupture has been reported to be 2–7.6% for
previously ruptured aneurysms [1, 4–7, 9–21]. Because of
its relative infrequency, this event and its management and
prevention have been poorly documented. We report here
primarily on the outcomes, management and prevention of
aneurysm rupture during detachable coil embolization in an
unselected series of patients with ruptured intracranial
aneurysms.

Materials and methods

Over the course of 7 years, from April 1998 to March 2005,
we used detachable coils to treat 284 patients with an
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intracranial aneurysm in the Shanghai Sixth People’s
Hospital. Among these, 221 had ruptured aneurysms. The
treatments were performed, as soon as possible after patient
admission, with loading and maintenance doses of heparin
(2,000–4,000 U per hour and 1,000 U per hour, respective-
ly). General or local anesthesia was administered, depend-
ing on the patient’s cooperation level and clinical condition.
In patients with intraprocedural hemorrhaging, we per-
formed heparin reversal with intravenous injections of
10 mg protamine sulfate per 1,000 U heparin.

For this study, we used Guglielmi detachable coils
(GDC; Boston Scientific, Fremont, Calif.), EDC-10 series
(eV3, Plymouth, Minn.) or DCS series (Cordis, Miami, Fl.).
We used microcatheters from various sources, including the
FasTracker series (Boston Scientific), Excel-10 series
(Boston Scientific), Echelon series (eV3) or Prowler Plus
series (Cordis). We used various microguidewires, includ-
ing the soft-tip or platinum-tip Transcend series (Boston
Scientific), SeekerLite-10 series (Boston Scientific), Agility-
10 series (Cordis) or Silver Speed-10 series (eV3). All charts
in our aneurysm database were reviewed, and ten patients in
whom the aneurysm had ruptured during the coil emboliza-
tion procedure were identified. Among these were eight
females and two males with ages ranging from 38 to 67 years
(mean 46.9 years). All patients were pretreated for acute
aneurysmal subarachnoid hemorrhage (SAH).

The diagnoses of aneurysm rupture during embolization
were ascertained based on visualization of various clinical
parameters in all patients. These parameters included
deteriorated neurological status in two patients, deteriorated
neurological status and contrast material extravasation in
one patient, contrast material extravasation in two patients,
extruded microcatheter tip and extravasation of contrast
material in one patient, and extruded coils in four patients.
Control CT immediately following the embolization proce-
dure showed more hemorrhaging in the subarachnoid space
than on pre-embolization CT images. Table 1 presents the
clinical data, as well as the causes and outcomes, of the ten
patients with an aneurysm ruptured during embolization.

Results

Procedure-related aneurysm rupture occurred in ten patients
during their endovascular treatment. In one patient (patient 1),
the rupture was caused by a microguidewire perforation of
the aneurysm wall. However, the inability to navigate the
microcatheter subsequently within the aneurysm sac for coil
packing resulted in intracranial re-hemorrhaging and patient
death. In two patients (patients 2 and 9), the rupture was
caused by over-packing when the last coil was delivered to
occlude a neck remnant. The two patients died because we
could not implement effective measures to stop the

subsequent acute hemorrhage. In three patients (patients 3,
4 and 5), the rupture resulted from coil perforation.
However, continuing to pack the aneurysms to achieve
complete and dense embolization left the patients with no
sequela at discharge. In patient 6, the rupture was micro-
catheter-related, but the patient recovered with a slight
disability in her left lower extremity and remained fully
ambulatory. In the remaining three patients (patients 7,
8 and 10), the rupture was related to both the microcatheter
tip and the coils. In these situations, the tip of the
microcatheter was in close contact with the aneurysm wall
and delivery of the coils perforated the aneurysm wall.
However, continued embolization rendered none of these
patients paralyzed. Overall in our experience, three patients
died from massive bleeding after the aneurysm ruptured
during embolization (mortality rate of 30%). The intra-
procedural aneurysm rupture rate for previously ruptured
aneurysms was 4.5% (10/221), with a total intraprocedural
rate of 3.5% (10/284). We present five representative cases
(1, 2, 5, 6 and 7) individually below.

Illustrative cases

Case 1

A 67-year-old man presented with SAH and was classified
clinically as Hunt and Hess (H&H) grade I. Digital
subtraction angiography (DSA) showed a 3×3 mm aneu-
rysm on the left anterior communicating artery (ACA) and
endovascular management ensued with local anesthesia.
During catheterization, we experienced great difficulty
moving the microcatheter forward after it entered the A1
segment of the left anterior cerebral artery. At the orifice of
the aneurysm, the tip of the microcatheter would not follow
the guidewire to enter the aneurysm sac. Several attempts
failed, and further advancing the microguidewire resulted in
perforation of the aneurysm wall. The patient immediately
convulsed and showed elevated blood pressure. Because we
could not navigate the microcatheter tip into the aneurysm
sac, further manipulation was not attempted and heparin-
ization was reversed. The patient convulsed again 2 h later,
gradually lost consciousness and died 2 days after the
procedure.

Case 2

A 45-year-old woman was admitted to our hospital 24 h
after SAH (H&H, grade II). Endovascular treatment was
performed for a 5×8 mm aneurysm of the right posterior
communicating artery (PCA) under local anesthesia. After a
GDC-18 5×6 was placed within the aneurysm, another
three coils of soft GDC-18 4×8, 3×6 and 2×4 were
delivered into the aneurysm sac. When the last coil was
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introduced, a rupture occurred with a tear at the aneurysm
neck, and massive extravasation of contrast material ensued
(Fig. 1). The patient lost consciousness immediately. With
reversal of heparinization, we immediately occluded the
parent artery with coils. The patient remained in a coma
after the procedure, and died 1 week later.

Case 5

A 38-year-old woman presented with SAH of H&H grade
II to III. After the patient was clinically stable, a DSA
examination revealed a 4×8-mm aneurysm of the left PCA.
Endovascular therapy was started immediately under
general anesthesia. During delivery of the first coil (4×8),
the aneurysm ruptured with immediate extravasation of
contrast material (Fig. 2). Continued packing of the
aneurysm with three additional coils (3×6, 3×4, 2×2)
resulted in a near-complete occlusion. Angiography after
packing showed total occlusion of the aneurysm with a
small neck remnant, but no extravasation of contrast
material. The patient recovered fully and was discharged
from hospital 4 weeks later.

Case 6

A 40-year-old woman presented with a recurrent headache
over the previous 2 weeks. Her CT scan revealed SAH with
H&H grade III to IV. Endovascular embolization was

performed on a 4×8-mm aneurysm at the M1 and M2
junction of the right middle cerebral artery (MCA) under
general anesthesia. One GDC-10 (4×8) and three coils of
soft GDC-10 (3×6, 3×4 and 2×4) were used to embolize the
aneurysm. During delivery of the third coil, the tip of the
microcatheter perforated the aneurysm dome, and localized
outside the aneurysm, as determined under fluoroscopy.
The angiography, conducted through the guiding catheter,
showed that the tip of the microcatheter had exited the
aneurysm sac under the force of the high-pressure blood
flow, and localized to the temporal lobe surface. The
catheter tip was immediately extracted within the aneurysm,
and the coil packing procedure was continued until
complete occlusion was attained. Angiography after embo-
lization showed no extravasation of contrast material
(Fig. 3), and the CT scan revealed a hematoma in the right
temporal lobe. Surgery was performed to evacuate the right
temporal hematoma. The patient was discharged from
hospital 1 month later with a slight disability in her left
leg, which did not affect ambulation.

Case 7

A 48-year-old man experiencing a H&H grade II SAH
underwent a cerebral angiography, which revealed a 5×6-mm
aneurysm on the left ACA. Endovascular therapy with
general anesthesia was performed on the second day after
SAH. After placement of the first coil (5×6), the coil was

Fig. 1 Patient 2: a 45-year-old
woman with SAH for 2 days.
Intraprocedural rupture was re-
lated to over-packing of coils.
a DSA before embolization
shows an aneurysm (5×8 mm)
on the right PCA and a small
dome (arrow) near the neck of
the aneurysm. b DSA after the
last coil was packed shows
rupture of the aneurysm with
massive extravasation of con-
trast medium (hollow arrow).
An over-packed coil was dem-
onstrated in the area of the small
dome (arrow). c DSA after
embolization shows nearly total
occlusion of the aneurysm. This
patient died 2 days after the
procedure
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Fig. 2 Patient 5: a 38-year-old
woman with SAH for 36 h.
Intraprocedural rupture was re-
lated to coiling. a DSA before
embolization shows an aneu-
rysm (4×8 mm) on the left PCA.
b Rupture of the aneurysm
occurred on delivery of the first
coil and DSA shows extravasa-
tion of contrast medium (arrow).
c Nearly total occlusion was
obtained after continued coil
packing. The patient was dis-
charged home without any se-
quela 4 weeks after the
procedure

Fig. 3 Patient 6: a 40-year-old
woman with SAH for 2 weeks.
Intraprocedural rupture was as-
sociated with the microcatheter
during injection of contrast me-
dium. a DSA before emboliza-
tion shows an aneurysm
(4×8 mm) in the shape of dumb-
bell at the M1/2 bifurcation of
the right MCA. b After delivery
of the second coil, the micro-
catheter with the third coil inside
escaped from the aneurysm sac
and was then located at the
surface of the right temporal
lobe (arrow) during injection of
contrast medium. c The micro-
catheter with the third coil inside
was drawn back into the aneu-
rysm sac (arrow), and then coil
packing was continued. d DSA
after embolization shows total
occlusion of the aneurysm. This
patient went home 1 month later
with slight disability in her left
leg after surgical removal of the
hematoma in the right temporal
lobe
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found to be located outside the limit of the aneurysm sac
and to be in the subarachnoid space. Therefore, when
placing the second of four additional coils of soft GDC-10
(4×6, 3×6, 3×4 and 2×4), we delivered a small portion of it
outside the aneurysm, and the remainder inside the
aneurysm sac, after withdrawing the microcatheter tip
within the aneurysm. Thus, the cast of coils formed a
dumb-bell shape to occlude the defect in the aneurysm wall.
Subsequent packing of the aneurysm with more coils led to
the dense occlusion. Angiography after embolization
showed complete obliteration of the aneurysm, and no
extravasation of contrast material (Fig. 4). However, the CT
scan revealed denser material in the subarachnoid space
than there was prior to embolization. Nevertheless, the
patient recovered well, and was discharged 45 days later. A

follow-up DSA at 6 months showed a good occlusion status
of the aneurysm, with a stable coil cast.

Discussion

Hemorrhage during endovascular therapy is a devastating
complication [1, 5, 6, 9–18]. However, the management
and prevention of this potentially fatal problem is still a
challenge for experienced doctors. There are several
mechanisms proposed for intraprocedural aneurysm bleed-
ing, including blood pressure fluctuations, high-pressure
contrast material injection, and perforation by microcath-
eter, microguidewire and/or coils [1, 5, 9–16]. Other
postulated etiologies for intraprocedural rupture of aneu-

Fig. 4 Patient 7: a 48-year-old man with SAH for 2 days. Intra-
procedural rupture was associated with both the microcatheter tip and
coils. a, b DSA before embolization shows an aneurysm (5×6 mm) on
the left ACA (arrow). c Plain film (lateral view) acquired after
embolization shows a cast of coils in the aneurysm sac with another

cast of coils outside the aneurysm sac (arrow). The two casts of coils
form the shape of a dumbbell across the aneurysm wall occluding the
aneurysm rupture. d, e DSA after embolization demonstrates total
occlusion of the aneurysm. This patient had made a good recovery on
discharge 45 days later
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rysms include diversion of blood flow by coils toward
weaker portions of the aneurysm wall and a small dome
size (≤3 mm). Small aneurysms (≤3 mm) are associated
with an increased incidence of intraprocedural rupture
because there is not enough space within the aneurysm
cavity for safe maneuvering of the tips of both the
microguidewire and the microcatheter, and the tips of these
microdevices and the delivered coils frequently threaten the
aneurysm wall. ACA aneurysms are more prone to
perforation probably because it is more difficult to approach
these aneurysms than those at other locations, and conse-
quently there is more difficulty maneuvering the micro-
guidewire and the microcatheter.

In our series, six out of the ten patients who experienced
intraprocedural ruptures recovered well after the procedure.
One patient (patient 6) had slight disability in one leg due
to a concurrent intraparenchymal hematoma. Three patients
(patients 1, 2 and 9) died giving a mortality rate of 30%
(3/10), which conforms to the 20–50% risk of death in
other reports [1, 5, 11, 12, 16–18, 22]. One intraprocedural
rupture (patient 1), caused by microguidewire penetration,
occurred in our early experience. The small size and
upward orifice of the ACA aneurysm, the tip of the
microcatheter being not properly shaped, and the use of a
relatively stiff SeekerLite-10 microguidewire together
resulted in difficult manipulation and re-rupture in this
patient. Failure to send the microcatheter into the targeted
aneurysm for timely coiling led to fatal bleeding. This is the
only death caused by microguidewire perforation in the
literature to the best of our knowledge [22]. The small size
of the microguidewire tip (0.33 mm in diameter) creates a
smaller hole on the aneurysm wall than that made by the
microcatheter, which usually has a larger diameter (0.5–
1.0 mm). This small puncture wound could close before
excessive hemorrhaging occurs [5, 23]. It is likely that
continued and careless maneuvering of the microcatheter
and the microguidewire caused additional injury to the
aneurysm wall and subsequent hemorrhage led to the
patient’s death.

Tears in the aneurysm neck caused by over-packing
resulted in another two deaths (patients 2 and 9). When the
last coil was delivered to occlude the neck remnant in these
two patients, the tip of the microcatheter was in the neck of
the aneurysm. We believe that the coil’s mesh was forced
through the fresh clot at the site of the original rupture of
the aneurysm wall or the weaker portions of the aneurysm
neck, as we were trying to achieve complete aneurysm
obliteration. Unlike microcatheter or coil perforation, in
which coil packing can be continued to stop the hemor-
rhage, there are no effective measures to prevent such an
occurrence, and there is usually more bleeding in this
situation. As a result, clinical prognosis is extremely poor
(100% mortality in our study). Rupture caused by over-

packing often happens during the last stage of emboliza-
tion, which is quite different from other ruptures caused by
microcatheters or coils in the later phase of embolization
[1]. This is because there are no effective measures to
prevent hemorrhage in the last stages of the procedure,
except parent artery sacrifice. In some difficult-to-manage
previously ruptured aneurysms, it may be safer to leave a
small aneurysm neck remnant in the first embolization
procedure than to attempt to achieve complete obliteration
because of the increased risk of aneurysm re-rupture. The
neck remnant may be occluded later by a second emboli-
zation procedure, or by surgical clipping when the patient
presents with an improved brain condition and clinical
status.

There are several counter measures that we can use to
manage intraprocedural rupture. Some general measures
include medically induced hypotension, immediate reversal
of heparin anticoagulation with protamine sulfate, emergent
external ventricular drainage and emergent surgical clipping
of the perforated aneurysm if the patient’s clinical condition
allows [1, 5, 10–14, 24]. More specific management
techniques can be undertaken in the event of perforation
caused by specific devices such as microguidewires,
microcatheters and/or coils. Should the rupture occur in
this manner, basic rules to follow include leaving the
microguidewire in place, advancing the microcatheter over
the microguidewire into the aneurysm sac as quickly and as
gently as possible, and then performing the coil packing
after removing the microguidewire. However, if the micro-
catheter cannot be navigated subsequently into the aneu-
rysm, further manipulation of both the microcatheter and
the microguidewire should be ceased. This is because the
opening created by the microguidewire on the aneurysm
wall is usually small, and is not life-threatening. Further
manipulation may cause greater damage to the aneurysm
wall and cause excessive hemorrhaging. If hemorrhaging
cannot be stopped, then it is imperative to attempt a
temporary or permanent occlusion of the parent artery, in
addition to providing some general stabilization measures,
such as induced hypotension and immediate heparin
reversal. If the rupture occurs because of coil perforation
(Fig. 2), and the tip of the microcatheter still resides in the
aneurysm, withdrawal of the coil must be avoided. Further
delivery of this and additional coils to pack the aneurysm,
striving for complete embolization, usually stops aneurysm
hemorrhaging.

There may be several approaches to managing the graver
complications caused by microcatheter perforation, because
microcatheter-induced defects are relatively larger than
those induced by a coil or a microguidewire. Once
aneurysm penetration has occurred, the perforating micro-
catheter should be left in place. Then, one could place a part
of a coil outside the aneurysm and deliver the rest of the
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coil into the aneurysm after withdrawing the microcatheter
tip from the aneurysm sac. In this way, the delivered coil
would form a dumbbell shape (Fig. 4), which would block
the hemorrhage. Following this, the aneurysm can be
packed with the coils until it is completely obliterated. In
patient 6 (Fig. 3), the microcatheter tip that had extruded
into the subarachnoid space of the right temporal lobe
should not have been retracted immediately. Rather, it
should have been left in place, and we should have
continued delivering the third coil partially, in order to
form a dumbbell across the aneurysm wall, thus stopping
the hemorrhage. Immediate retraction of the microcatheter
tip might cause the formation of an intracerebral hematoma
and a poor outcome. A second approach could be to place a
coil entirely in the subarachnoid space to occlude the aneu-
rysm defect and then coil the remainder of the aneurysm
after withdrawing the microcatheter tip into the aneurysm
sac. A third method is to introduce a coil to the tip of the
microcatheter before pulling back the microcatheter tip into
the aneurysm to place the coil, and then place additional
coils until they are densely packed [5].

Another important solution to microcatheter perforation
is to use two microcatheters in a technique described by
Willinsky and terBrugge [23]. With the perforating micro-
catheter in place, a second microcatheter is introduced to
pack the aneurysm. This allows the aneurysm defect to
remain occluded while the coils are detached through the
second microcatheter. This method leads to a good clinical
outcome. In perforations associated with both the micro-
catheter and the coil, the tip of the microcatheter is usually
in close contact with the aneurysm wall. When one coil
perforates the sac and extrudes through the aneurysm, the
microcatheter should not be withdrawn, and coil delivery
should be continued. Only after a portion of the next coil is
introduced outside the aneurysm should the microcatheter
tip be retracted away from the aneurysm wall to the center
of the aneurysm sac and the rest of the coil delivered. In
this way, the coil can occlude the defect by forming a
dumbbell across the aneurysm wall (Fig. 4).

Aneurysm re-rupture caused by over-packing at the end
of the procedure is the most disastrous event in endovas-
cular aneurysm correction procedures. This is because
there are no quick or effective measures for managing the
injury except temporary occlusion or permanent sacrifice
of the parent artery. If proven safe enough and done
immediately, parent vessel occlusion may be an effective
way to safely control aneurysm hemorrhage during
endovascular embolization, especially when subsequent
coiling following intraprocedural rupture is difficult or
impossible. Levy et al. [15] reported successful sacrifice
of the right vertebral artery to control intraprocedural
aneurysm hemorrhages with good outcomes. But perma-
nent occlusion of the parent vessel requires an occlusion

test, which is time consuming and potentially positive.
Permanent sacrifice of the parent artery cannot be adopted
if the occlusion test is positive, and if the temporary
occlusion plays a major role in hemostasis. However, if a
major rupture from a microcatheter or a coil occurs,
especially early on in the procedure, temporary occlusion
of the parent vessel can be performed to control the
hemorrhage so that aneurysm coiling can be safely
continued [25]. The reason for the death of the patient 2,
presented here, despite sacrifice of the parent artery, was
likely the excessive amount of subarachnoid bleeding
before sacrifice. Therefore, we should perform parent
artery occlusion as soon as the decision is made. However,
one should remember that it is the patient’s vascular
anatomy and aneurysm location that dictates whether
vessel sacrifice is safe or not.

In conclusion, all endovascular devices placed into an
aneurysm lumen can cause perforation. If this occurs, the
perforating device should not be retracted until proper
measures have been taken to control or prevent hemorrhage
as the device may be partially occluding the perforation,
and removing the device could cause further injury to the
aneurysm wall and cause increased hemorrhage.

Because of the life-threatening and difficult-to-manage
nature of intraprocedural aneurysm rupture, prevention is of
vital importance. A few measures to reduce this possibility
include:

1. Try to use general anesthesia rather than local anesthe-
sia or neuroleptic analgesia in all patients regardless of
the severity of the clinical situation. General anesthesia
can provide stable conditions for careful endovascular
intervention particularly when intraprocedural rupture
occurs. Intraprocedural rupture occurring in patients
with neuroleptic analgesia may result in the patient’s
restlessness which may go against careful management
of the re-rupture neck.

2. Injection of contrast material through the microcatheter,
if necessary, should be carried out very carefully after
the microcatheter has reached the center of the aneu-
rysm sac.

3. The pressure of contrast material injection through the
guiding catheter should be controlled because of the
close location of the guiding catheter tip to the intra-
cranial aneurysm.

4. In the presence of vessel tortuosity, in which the
aneurysm may be very difficult to selectively catheter-
ize, the microguidewire should not be introduced by
force or advanced too far. Moreover, the tip of the
microguidewire should be shaped like a small coil or a
small tight C curve, so that it will reside within the
aneurysm sac naturally without threatening the aneu-
rysm wall.
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5. When the microcatheter reaches the aneurysm sac, its
tension should be appropriately relieved before with-
drawal of the microguidewire or placement of coils, in
order to prevent the microcatheter tip from leaping
forward and possibly perforating the aneurysm wall.

6. The positioning of the microcatheter tip, after placing
each coil, should be carefully adjusted so as to avoid
inadvertently pushing the tip against the original
rupture site.

7. Before packing the aneurysm neck remnant for com-
plete aneurysm obliteration, a precise evaluation of the
diameter and volume of the neck remnant is necessary
in order to select coils of appropriate size(s) to avoid
over-packing, which may cause laceration of the
aneurysm.
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