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OBJECTIVE The first choice of treatment in cases of vertebral artery dissecting aneurysms (VADAS) is endovascular
internal trapping (EIT) of the dissecting segment using coils. However, this procedure carries the risk of medullary infarc-
tion, and the risk factors for this complication are not well understood. This study investigated the risk factors causing
medullary infarction.

METHODS One hundred patients who underwent EIT for VADAs were included in this study. Ninety-three patients pre-
sented with subarachnoid hemorrhage. In cases involving the posterior inferior cerebellar artery (PICA), partial internal
trapping targeting the ruptured site was performed to preserve the PICA. The VADAs were classified into the distal VA
stump group, proximal VA stump group, and entire VA stump group, according to the location of VA segments without
adequate flow-out vessels (such as the PICA [VA stump]) at risk of delayed thrombosis. The occurrence of medullary
infarction was examined in each group using diffusion-weighted MRI and/or clinical symptoms. Various measurements
were performed on digital subtraction angiography, and the risk factors for medullary infarction were analyzed.

RESULTS Medullary infarction occurred in 30 patients, affecting the posterolateral medulla in 27 patients and the an-
teromedial medulla in 3 patients. Medullary infarction occurred in 3 of 47 patients (6%) in the distal VA stump group, 10 of
19 patients (53%) in the proximal VA stump group, and 17 of 34 patients (50%) in the entire VA stump group. The length

of trapping was significantly longer in the infarction group than in the noninfarction group but did not differ among the 3
groups. Total length (length of trapping plus VA stump) was a risk factor for medullary infarction in the proximal VA stumps.

CONCLUSIONS The primary risk factor for medullary infarction after EIT is not the length of trapping; rather, it is the
anatomical location of the VADAs. The risk of medullary infarction is low in cases with distal VA stumps, but the symp-
toms are severe. Preservation of the origin of the anterior spinal artery can reduce the risk of medullary infarction. The
risk of medullary infarction is high in cases with proximal VA stumps, but the symptoms are mild. A shorter length of trap-
ping, although less likely to lead to complications, cannot prevent medullary infarction because the total length depends
on the anatomical location of the PICA and not on the surgical technique. Reconstructive therapy should be indicated for
patients with ruptured VADAs at high risk of severe ischemic complications (e.g., patients with hypoplasia of the contra-
lateral VA or cases involving the PICA or anterior spinal artery, which are inappropriate for partial internal trapping) or for
patients with unruptured VADASs.
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(VADAs) show high rates of rebleeding, most

frequently within 24 hours, and the prognosis is
poor.721:26.2830 Therefore, early prevention of rebleeding
using direct surgical or endovascular procedures is essen-
tial. Endovascular internal trapping (EIT) of the dissect-
ing segment using coils is the first choice of treatment for
VADAs, especially in ruptured cases, because EIT is the
most reliable option to prevent rebleeding.®®1%2425 Howev-
er, this procedure carries the risk of medullary infarction,
and occurrence of this complication is unpredictable.®#%!7
This study retrospectively reviewed 100 consecutive pa-
tients with VADAs who underwent EIT and investigated
the risk factors causing medullary infarction.

Methods

Patient Demographic Data and Clinical Characteristics

One hundred forty-four patients with VADAs under-
went endovascular treatment between 1993 and 2015 in
our hospital or affiliated hospitals. One hundred twenty-
two patients were treated with EIT, and 22 patients were
treated with stent-assisted coiling because of hypoplasia
or aplasia of the contralateral VA or involvement of the
anterior spinal artery (ASA) or posterior inferior cerebel-
lar artery (PICA) in the dissecting segment. Twenty-two
patients (8 patients with medullary infarction before treat-
ment, 1 patient treated with occipital artery—PICA bypass
followed by EIT, and 13 patients lost from follow-up) were
excluded. Finally, 100 patients (75 men and 25 women,
age 29-86 years [mean 50 years]) were included in this
study.

The VADAs were classified into 5 types according to
the positional relationship of the aneurysms to the PICA:
proximal to PICA, distal to PICA, PICA involved, com-

RUPTURED vertebral artery dissecting aneurysms

mon trunk of anterior inferior cerebellar artery (AICA)—
PICA, and extracranial origin of PICA. After EIT, the
VADAs were divided into the proximal VA stump group,
distal VA stump group, and entire VA stump group, ac-
cording to the location of VA segments without adequate
flow-out vessels (such as the PICA [VA stump]) at risk of
delayed thrombosis (Fig. 1). Patients’ medical charts and
the findings of CT, MRI, and cerebral angiography were
evaluated. Medullary infarction was diagnosed based on
diffusion-weighted MRI findings and/or clinical symp-
toms.

This study was approved by the institutional review
board of Gunma University Graduate School of Medicine
and performed in accordance with the ethical standards
laid out in the 1964 Declaration of Helsinki and its later
amendments. The opt-out was posted on our homepage
prior to inclusion in this study instead of obtaining in-
formed consent from all study subjects.

Endovascular Procedures

EIT was performed during the acute stage in cases of
ruptured aneurysms. Conservative observation consist-
ing of bed rest and blood pressure control was initially
performed. Intervention was indicated if enlargement of
the aneurysmal dilation was detected by follow-up exami-
nations in cases of unruptured aneurysms. EIT was per-
formed while patients were under general anesthesia. A
6-F or 7-F balloon or plain guiding catheter was inserted
in the affected VA, and a microcatheter was introduced
into the aneurysmal dilation. Then, the detachable coils
were inserted from the aneurysmal dilation to the proxi-
mal parent artery until complete obliteration was obtained.
Proximal flow control was achieved by inflating the bal-
loon of the guiding catheter if necessary. Partial internal
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FIG. 1. Classification of VADASs into 3 groups and incidence of medullary infarction. c-PICA = complementary PICA.
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trapping targeted to the ruptured site in cases of the PI-
CA-involved type (that is, proximal or distal to the PICA)
was performed to preserve the PICA. Aspirin 200 mg
was administered prior to the procedure in most patients.
Heparin 100 U/kg was administered at the beginning of
the procedure, and 1000 U was added every 1 hour. The
administration of antiplatelet agents was continued for ap-
proximately 2 weeks or longer after the procedure, and
additional heparin was not infused.

Radiological Measurements

The length of the aneurysm and the diameter of the af-
fected VA were measured on preoperative angiography.
The length of trapping by the coils and the length of the
VA stump were measured on postoperative angiography.
The length of the VA stump was defined as the distance
from the level of the foramen magnum to the proximal end
of the coils in the proximal VA stump group, the distance
from the VA union to the distal end of the coils in the
distal VA stump group, and both distances in the entire
VA stump group. Total length was defined as the length of
trapping plus the length of the stump. The measurements
were performed using a workstation or with reference to
the diameter of the guiding catheter in cases treated dur-
ing the early period.

Statistical Analysis

The relationships between medullary infarction and
various factors were initially examined by univariate
analysis using the y? test and Fisher’s exact test to identify
the potential risk factors. Predictive factors for medullary
infarction were analyzed similarly. A p value < 0.05 was
considered to be statistically significant. All analyses were
performed using commercial software (SPSS Statistics
version 22; IBM).

Results
Clinical Characteristics and Location of the VADAs

Ninety-three patients (93%) presented with subarach-
noid hemorrhage (SAH) and 7 patients (7%) without SAH
(Table 1). The preoperative Hunt and Kosnik grades were
I-IIT in 57 patients (57%), and IV and V in 36 patients
(36%).7 All VADAs were unilateral and were located on
the right VA in 65 patients (65%). VADAs were distal to
PICA type in 42 patients (42%), proximal to PICA type in
15 (15%), PICA-involved type in 7 (7%), common trunk of
AICA-PICA type in 23 (23%), and extracranial origin of
PICA type in 13 (13%).

Endovascular Treatment

EIT was successfully performed and the parent arteries
were completely occluded in all patients based on the final
bilateral vertebral artery angiography studies. In 7 patients
with the PICA-involved type, the proximal portion of the
PICA was embolized in 4 and the distal portion of the
PICA in 3. The PICAs were preserved in all patients, but 1
patient developed cerebellar infarction due to delayed oc-
clusion of the PICA, and internal and external decompres-
sions were required. The visualized ASAs were preserved

Medullary infarction after internal trapping for VADAs

TABLE 1. Demographic data and clinical characteristics of the
patients

Variable Value (%)

No. of cases 100
Mean age in yrs £ SD 50+ 10
Sex, male 75 (75)
Hunt & Kosnik grade

0 7(7)

Sl 57 (57)

V&V 36 (36)
VADA (rt) 65 (65)
Location of VADA

Distal to PICA 42 (42)

Proximal to PICA 15 (15)

PICA involved 7(7)

Common trunk of AICA-PICA 23 (23)

Extracranial origin of PICA 13 (13)

in all patients except for 1 patient, in whom the ASA was
involved in the dissecting segment, and were opacified by
the final contralateral VA injection. Recanalization was
observed in 1 patient, requiring additional endovascular
treatment. No patients developed rebleeding.

Incidence of Medullary Infarction

Medullary infarction was observed in 30 patients, in-
cluding posterolateral infarction in 27 (90%) and antero-
medial infarction in 3 patients (10%, distal to PICA type
in 2 and PICA-involved type embolized in the distal por-
tion to the PICA in 1) (Table 2). The age, sex, and pres-
ence or absence of SAH had no significant correlations
with the occurrence of medullary infarction. Medullary
infarction occurred in 2 of 42 patients with the distal to
PICA type (5%), 7 of 15 patients with the proximal to
PICA type (47%), 4 of 7 patients with the PICA-involved
type (57%), 10 of 23 patients with the common trunk of
AICA-PICA type (43%), and 7 of 13 patients with the
extracranial origin of PICA type (54%). In the 7 patients
with the PICA-involved type, medullary infarction devel-
oped in 3 of 4 patients treated with embolization of the
proximal portion to the PICA, and in 1 of 3 patients treat-
ed with embolization of the distal portion to the PICA.
The incidence of medullary infarction was significantly
lower in the distal to PICA type (p < 0.001) than in the
other types.

After EIT, 3 of the 7 patients with the PICA-involved
type were classified into the distal VA stump group and 4
into the proximal VA stump group. Two of the 13 patients
with extracranial origin of PICA type were classified into
the distal VA stump group because the complementary
PICA arose from just proximal to the aneurysm. The in-
cidence of medullary infarction was 53% (10 of 19) in the
proximal VA stump group, 6% (3 of 47) in the distal VA
stump group, and 50% (17 of 34) in the entire VA stump
group, which was significantly lower in the distal VA
stump group (p < 0.001; Fig. 1).
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TABLE 2. Incidence of medullary infarction

Variable Total Infarction Group (%) Noninfarction Group (%) p Value
No. of cases 100 30 70
Mean age in yrs £ SD 52+8 49+ 11 0.055*
Sex 0.450%
Male 75 24 (32) 51 (68)
Female 25 6 (24) 19 (76)
SAH 0.649t
Positive 93 28 (30) 65 (70)
Negative 7 2(29) 5(71)
Location of VADA <0.0011
Distal to PICA 42 (5) 40 (95)
Proximal to PICA 15 (47) 8 (53)
PICA involved 7 (57) 3 (43)
Common trunk of AICA-PICA 23 (43) 13 (57)
Extracranial origin of PICA 13 (54) 6 (46)

* Mann-Whitney U-test.
T 2 test.

Radiological Measurements and Medullary Infarction

Measurements were possible in 74 patients, including
14 patients in the proximal VA stump group, 34 in the dis-
tal VA stump group, and 26 in the entire VA stump group
(27 patients in the infarction group and 47 in the nonin-
farction group). The length of the aneurysm did not differ
among the 3 groups, but the length of trapping was shorter
in the distal VA stump group than in the entire VA stump
group (p < 0.001; Table 3). The length of the aneurysm had
no significant relationship with the development of medul-
lary infarction. The length of trapping was significantly
longer in the infarction group than in the noninfarction
group (p = 0.032), but did not differ among the 3 groups
(Table 4).

After EIT, 40 proximal VA stumps (14 patients in the
proximal VA stump group and 26 in the entire VA stump
group) and 60 distal VA stumps (34 patients in the distal
VA stump group and 26 in the entire VA stump group)
were formed. Among the proximal VA stumps, total
length was significantly longer (p = 0.041) in the infarc-
tion group than in the noninfarction group, but the length
of trapping and length of stump did not differ between the
infarction and noninfarction groups. Among the distal VA
stumps, the length of trapping, length of stump, and total
length did not differ between the infarction and noninfarc-
tion groups (Table 5).

Medullary Infarction and Outcome

Glasgow Outcome Scale scores of 93 patients with
SAH who were evaluated at hospital discharge showed
good recovery in 50 patients (54%), moderate disability
in 23 (25%), severe disability in 12 (13%), and death in 8
(9%) (Table 6). Of 7 patients without SAH, good recovery
was observed in 6 patients (86%) and moderate disability
in 1 (14%). Medullary infarction was a significant risk fac-
tor for unfavorable outcome (severe disability, persistent
vegetative state, and death), according to the Glasgow Out-
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come Scale in patients with Hunt and Kosnik Grades I-111
and in all patients (p < 0.001).

Discussion

EIT of the dissecting segment using coils is the most
commonly used treatment option for VADAs.*® However,
this procedure carries the risk of medullary infarction,
and the risk factors for this complication are not well un-
derstood.*#%!7 Reported occurrence rates of medullary in-
farction are 47% and 38%,*° similar to our finding of 30%.
Medullary infarction results from occlusion of the perfo-
rators arising from the VA or the PICA caused by the dis-
section itself, occlusion of the dissecting segment by coils,
and delayed thrombosis of the VA stump. In the distal to
PICA type, the perforators involved in the VA stump con-
siderably differed according to the location of the PICA;
therefore, we divided the distal to PICA type into intra-
cranial origin and extracranial origin of the PICA. The
distal to PICA type with intracranial origin of the PICA
had lower risk of medullary infarction than other types
of VADAs (p < 0.001). Furthermore, the VADAs were di-
vided into 3 groups: proximal VA stump, distal VA stump,
and entire VA stump groups (Fig. 1). The occurrence rate
of medullary infarction was higher in the proximal VA
stump and entire VA stump groups than in the distal VA
stump group (p < 0.001), and 90% of cases of medullary

TABLE 3. Length of aneurysm and length of trapping

Length of Length of

Group Aneurysm Trapping

Proximal VA stump (n = 14) 10.8+2.9 15.5+5.0
Distal VA stump (n = 34) 10.7+4.4 122142
Entire VA stump (n = 26) 10.9+43 17.8+9.0

Values are presented as the mean + SD in mm.



TABLE 4. Length of trapping and medullary infarction

Medullary infarction after internal trapping for VADAs

Group Infarction Group (n = 27) Noninfarction Group (n = 47) p Value*
Proximal VA stump (n = 14) 15.7+£5.5(n=10) 149141 (n=4) 1.000
Distal VA stump (n = 34) 125+1.6(n=3) 121144 (n=31) 1.000
Entire VA stump (n = 26) 20.3+10.7 (n = 14) 151+£5.8 (n=12) 0.200
All 3 groups 177 8.7 131149 0.032

Values are presented as the mean + SD in mm.
* Mann-Whitney U-test.

infarction occurred in the posterolateral medulla supplied
by perforators coming from the proximal VA. Other re-
ports have also shown that lateral medullary syndrome is
more likely to occur than medial medullary syndrome.*’

The perforators arising from the proximal VA supply
the posterolateral medulla, and occlusion of these vessels
results in lateral medullary syndrome (the so-called Wal-
lenberg syndrome).!31520 The perforators arising from
the proximal VA and the PICA are complementary. If the
PICA is not absent in the intracranial segment of the VA
(e.g., the common trunk of the AICA-PICA or extracranial
origin of the PICA type), the perforators to the posterolat-
eral medulla originate from the VA.>2 In such cases, oc-
clusion of the VA is more likely to cause lateral medullary
infarction, although the incidence of medullary infarction
in the proximal to PICA type with intracranial origin of
the PICA was almost equal to the incidence in the types
of common trunk of AICA-PICA or extracranial origin of
PICA in our series.

In contrast, perforators arising from the distal VA
containing the ASA enter the foramen cecum or anterior
median sulcus and supply the anteromedial medulla.'®!
Therefore, occlusion of these vessels results in medial
medullary syndrome with severe neurological symptoms,
such as hemiparesis or respiratory disorders.'>!* Perfora-
tors arising from the distal VA have rich anastomoses with
perforators from the contralateral VA, the lower basilar ar-
tery, the ASA, and the PICA.'¥-2° Moreover, the presence of
ASA as a flow-out vessel prevents delayed thrombosis of
the VA stump;''? as a result, medullary infarction is less
likely to occur. Indeed, the distal VA stumps were opaci-
fied by retrograde flow from the VA union in most patients,

whereas the proximal VA stumps were not opacified from
the level of the foramen magnum on immediate postoper-
ative angiography in our series. In 3 patients with medial
medullary syndrome, the ASA origins were preserved in
2 patients, but the ASA origin was subsequently embo-
lized in 1 patient, in whom the ASA and the PICA were
involved in the dissecting segment (Fig. 2). Preservation
of ASA origin can reduce the risk of medial medullary in-
farction but cannot completely prevent delayed thrombosis
or occlusion of perforators other than the ASA. Therefore,
we propose that classifying the VADASs into our 3 groups
based on the location of the VA segments without flow-
out vessels is useful for predicting the risk of medullary
infarction.

The length of trapping is reported to be significantly
longer in the infarction group than in the noninfarction
group.*? In our series, the length of trapping was also a
risk factor for medullary infarction, but no significant dif-
ferences were found among the 3 groups. As shown in
Table 3, the length of trapping was longer in the proximal
VA stump and entire VA stump groups, resulting from
antegrade flow or the absence of a flow-out vessel, than
in the distal VA stump group, and the infarction group
included many cases with proximal VA stump and en-
tire VA stump whereas the noninfarction group included
many cases with distal VA stump. Therefore, the primary
risk factor for medullary infarction is not the length of
trapping but the anatomical location of VADAs relative to
the origin of the PICA. Total length was a risk factor for
medullary infarction in cases with proximal VA stump.
However, total length depends on the anatomical location
of the PICA rather than the surgical technique. A shorter

TABLE 5. Radiological measurements and medullary infarction in cases with proximal VA stump and distal VA stump

Variable Infarction Group Noninfarction Group p Value*

Proximal VA stump (n =40)t n=24 n=16

Length of trapping 18.4 £ 91 15.0 £ 91 0.334

Length of stump 20.2+£96 178+ 7.0 0.263

Total length 386+71 328174 0.041
Distal VA stump (n = 60)f n=3 n=57

Length of trapping 125+ 1.6 14874 0.647

Length of stump 171 +8.0 14+43 0.203

Total length 295+76 26.2+84 0.445

Values are presented as the mean + SD in mm unless otherwise indicated.

* Mann-Whitney U-test.

1 Fourteen patients in the proximal VA stump group and 26 patients in the entire VA stump group.
T Thirty-four patients in the distal VA stump group and 26 patients in the entire VA stump group.
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TABLE 6. Favorable outcome in the infarction and noninfarction
groups

Hunt & Infarction Noninfarction

Kosnik Grade Group (%) Group (%) p Value*
0 2/2 (100) 5/5 (100) NA
[-I1l 8/15 (53) 41/42 (98) <0.001
V&V 6/13 (46) 18/23 (78) 0.071
Total 16/30 (53) 64/70 (91) <0.001

NA = not applicable.

Favorable outcome was defined as good recovery and moderate disability
according to the Glasgow Outcome Scale.

* Fisher’s exact test.

length of trapping, although less likely to lead to complica-
tions, cannot prevent medullary infarction. The appropri-
ate use of antiplatelet agents and anticoagulants can delay
thrombosis of the VA stump, resulting in prevention of
medullary infarction.

Reconstructive therapies such as stent-assisted coiling
or stenting, which can preserve the patency of the parent
artery, are available for the treatment of VADAs.!'** Re-
cently, the use of flow-diverter stents for a few cases of
ruptured VADAs has been reported.>*2> However, these
procedures carry higher risks of rebleeding and recanali-
zation than EIT,'**?7 and antiplatelet therapy is necessary
to prevent thromboembolic complications.>? Therefore,
EIT is still the treatment of choice among the many treat-
ment options for VADAs. Reconstructive therapy should
be indicated for patients with ruptured VADAs at high
risk of severe ischemic complications (e.g., hypoplasia of
the contralateral VA or cases involving the PICA or ASA,
which are inappropriate for target embolization) or for pa-
tients with unruptured VADAS.!¢

Some limitations to this study should be mentioned.
First, diffusion-weighted images were obtained in most
but not all patients, in particular patients treated during
the early period or with severe neurological deficits caused
by the SAH. Thus the number and location of medullary
infarctions were incompletely assessed, and the size of
medullary infarctions was not considered. Second, mea-
surement of the length was not possible in all patients. In
addition, it is not exact because the length changes with the
exposure angle of the image, although the results will not
be significantly different. Third, the outcome was assessed
at hospital discharge in this study because follow-up was
not possible in all patients. Long-term follow-up data are
needed to evaluate the impact of medullary infarction on
the outcome because some patients with medullary infarc-
tion recover well in the long term. Finally, although this is
one of the largest studies in the field to our knowledge, the
number of patients in some of our subgroups was small.
Thus an analysis of a larger number of cases is needed to
validate our results.

Conclusions

The primary risk factor for medullary infarction is not
the length of trapping but the anatomical location of the
VADASs. The risk of medullary infarction is low in cases

6 J Neurosurg August 11, 2017

FIG. 2. Studies obtained in a 51-year-old man with a ruptured VADA
manifesting as a severe disturbance of consciousness. A: Preoperative
left VA angiogram showing involvement of the left PICA and ASA (ar-
row) in the dissecting segment. B: Left VA angiogram after EIT showing
preservation of the PICA. C: Postoperative right VA angiogram show-
ing occlusion of the ASA origin by the coils inserted in the aneurysm.

D: Diffusion-weighted image obtained the next day, showing left para-
median medullary infarction.

with distal VA stumps, but the symptoms are severe. Pres-
ervation of the origin of the ASA can reduce the risk of
medullary infarction. The risk of medullary infarction is
high in cases with proximal VA stumps, but the symptoms
are mild. A shorter length of trapping, although less likely
to lead to complications, cannot prevent medullary infarc-
tion because the total length depends on the anatomical
location of the PICA. Reconstructive therapy should be
indicated for patients with ruptured VADAs at high risk of
developing severe ischemic complications (e.g., hypoplasia
of contralateral VA or cases involving the PICA or ASA,
which are inappropriate for target embolization) or for pa-
tients with unruptured VADAs.
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