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BACKGROUND AND PURPOSE: |schemic complications after coil embolization of the PcomA aneurysms
are not thoroughly understood, especially in cases in which the PcomA is sacrificed. Our purpose was
to examine the preoperative angiographic features and pattern of postoperative cerebral infarctions
exhibited by patients who underwent embolization of ruptured PcomA aneurysms with PcomA
sacrifice.

MATERIALS AND METHODS: A retrospective review identified 14 patients with ruptured PcomA aneu-
rysms who underwent embolization of the aneurysms in combination with PcomA sacrifice. Preoper-
ative angiographic data, including the Allcock test, postoperative DWI, and neurologic status, were
examined.

RESULTS: Elimination of the aneurysm was complete in all cases. Postoperative DWI indicated 7 cases
with infarctions (infarction group) and 7 cases without infarctions (noninfarction group). All patients in
the infarction group developed infarctions in the vicinity of the tuberothalamic artery. In all 14 cases,
a preoperative Allcock test demonstrated a retrograde filling of the PcomA through the P1 segment.
The incidence of negative visualizations of the P1 segment on vertebral angiograms was significantly
higher in the infarction group (100%) than in the noninfarction group (0%; P = .00058). The mean
PcomA diameters, PcomA/P1 ratios, and aneurysm sizes observed in the infarction group were
significantly greater than those in the noninfarction group (P < .05, P < .01, and P < .02, respectively).
Tuberothalamic artery infarction caused hemiparesis and memory disturbance, which were associated
with unfavorable outcomes.

CONCLUSIONS: After the coil occlusion of ruptured PcomA aneurysms with PcomA sacrifice, tu-
berothalamic artery infarctions tended to occur in cases exhibiting negative visualization of the P1

segment, even when collateral flow was observed with the Allcock test.

ABBREVIATIONS: HDS-R = Hasegawa Dementia Scale; mRS = modified Rankin Scale; PCA =
posterior cerebral artery; PcomA = posterior communicating artery

Ischemic complications in the treatment of PcomA aneu-
rysms have been demonstrated to occur when the PcomA is
sacrificed.'” Both the elimination of the fetal variant PCA'>?
and the surgical division of the hypoplastic PcomA have been
reported to potentially cause infarctions.> However, Krayen-
biihl and Krisht* demonstrated the safety and effectiveness of
the surgical division of the PcomA while performing surgery
within the interpeduncular fossa. In the course of surgical
treatment, PcomA aneurysms presented the highest risk for
postoperative infarctions, most of which were observed in the
perforator regions.” However, the ischemic complications oc-
curring after coil embolization of the PcomA aneurysms are
not thoroughly understood, especially in cases in which the
PcomA is sacrificed.

Pelz and colleagues® initially reported that the Allcock test
(vertebral angiograms accompanied by carotid artery com-
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pression) is a useful method for evaluating PcomA morphol-
ogy. The Allcock test reduces anteroposterior blood flow
through the PcomA by compression of the carotid artery,
which provides hemodynamics similar to those observed after
the elimination of the PcomA. Thus, the Allcock test is con-
sidered useful in evaluating collateral blood flow and predict-
ing postoperative ischemic complications encountered after
the sacrifice of the PcomA.

In the present study, to clarify the relationship between
preoperative angiographic features and ischemic complica-
tions, we investigated the pre- and postoperative neuroradio-
logic findings associated with the cases in which ruptured
PcomA aneurysms were treated with coil embolization of the
aneurysms in combination with PcomA sacrifice.

Materials and Methods

Patient Characteristics

A retrospective review of 94 consecutive patients presenting with
PcomA aneurysms (ruptured/unruptured = 55/39) who underwent
endovascular treatment at Kohnan Hospital between January 2007
and December 2010 identified 14 patients who were treated with intra-
aneurysmal coil embolization with occlusion of the origin of the
PcomA. All of the aneurysms were ruptured and were accompanied
by extension of the PcomA from the sac. On the basis of the postop-



erative MR imaging findings, the patients were divided into 2 groups:
an infarction group, consisting of patients exhibiting postoperative
cerebral infarction, and a noninfarction group, consisting of patients
without postoperative cerebral infarction. Clinical and radiographic
data concerning these patients were abstracted from electronic and
hard-copy records.

Neuroradiologic Assessment

Four-vessel cerebral angiography, including the Allcock test, was pre-
operatively performed for all cases. Conventional DSA and 3D DSA
were performed with Innova 3131 technology (GE Healthcare, Buc,
France). The usual contrast injection rate and total volume of 4 mL/s
and 6 mL, respectively, were employed for the vertebral artery and the
Allcock test. For the internal carotid artery, the rate and volume of 5
mL/s and 6 mL, respectively, were utilized. A positive result for the
Allcock test was defined as the retrograde filling of the PcomA and the
aneurysm through the P1 segment. A positive P1 result was defined as
the apparent anterograde filling of the PCA through the P1 to P4
segments, as determined through vertebral angiography. A negative
P1 result was defined as nonexistent or faint filling of the PCA, as
measured with vertebral angiography. The diameters of the PcomA
and the P1 segment were measured with the Allcock test, and the ratio
of the diameters of the PcomA and the P1 segment (PcomA/P1 ratio)
was calculated. Rotational spin angiography was performed. The 3D
volume-rendering images were developed with an Advantage 4.4
workstation (GE Healthcare). The sizes of the aneurysms and the P1
diameters were measured using this workstation.

All MR imaging employed a Signa 3T system (GE Healthcare)
with a standard head coil. DWI was performed the day after the en-
dovascular treatment. High-intensity lesions that were detected by
DWTI performed on the first day after surgery were regarded as a
treatment-related ischemic complications. MRA with gadolinium en-
hancement was performed on the following day, and 7 days after the
treatment, to assess the recanalization of the PcomA and the extent of
the occlusion of the aneurysms. Additional MR imaging or conven-
tional angiography was conducted when symptomatic vasospasm was
suspected.

All radiologic data were reviewed independently by 3 experienced
neuroradiologists (K.S., R.K., and Y.M.).

Endovascular Treatment

Generally, endovascular treatment is performed under general anes-
thesia or under conscious sedation with local anesthesia, depending
on the patient’s condition. In this study, the bolus injection of heparin
at the beginning of the procedure was 3000 U, with 1000 U given every
hour. Coiling was performed to achieve attenuated packing of the
aneurysms through the conventional single-catheter technique with
various types of coils. The balloon remodeling technique was em-
ployed, if deemed necessary, by the operating interventionalist. The
PcomA was sacrificed only when the aneurysms were accompanied by
the PcomA arising from the sac, which was difficult to preserve, and
the collateral circulation was observed on the preoperative
angiography.

Clinical Assessment

The motor performances of the upper and the lower extremities were
assessed by using the modified NIHSS on the day after surgery and 1
month after the treatment.” Asymmetry in the NTHSS score was re-
garded as hemiparesis. The HDS-R was used to evaluate memory
disturbance 1 month after the treatment.® A score of 20 or below was

regarded as indicative of memory disturbance. The functional out-
come was assessed according to the mRS score 6 months after the
treatment.” The NIHSS, HDS-R, and mRS were administered by re-
habilitation therapists and the authors (H.E., K.S., R.K., and Y.M.).

Statistical Analysis

The degrees of patency of the P1 segment in the preoperative vertebral
angiography, the incidence of recanalization of the PcomA in the
radiologic follow-up, and the proportion of patients with mRS scores
of 3—6 were compared between the infarction group and the nonin-
farction group by using the Fisher exact test. Numeric data, such as
the P1 diameters, the PcomA/P1 ratios, and the aneurysm sizes, are
expressed as means = SD, and comparisons between the 2 groups
were performed by using the Mann-Whitney test. Differences were
considered to be significant at P < .05.

Results

Baseline Characteristics and Neuroradiologic Findings
Fourteen patients (4 men and 10 women), ranging in age from
46—87 years (with a mean of 73 years), were treated with coil
embolization of the aneurysms in combination with PcomA
sacrifice. Elimination of the aneurysms was complete in all 14
cases. Seven patients developed cerebral infarctions postoper-
atively (infarction group, Fig 1; representative case, Fig 2), and
the other 7 patients did not develop cerebral infarctions (non-
infarction group, representative case, Fig 3). In the infarction
group, cerebral infarctions appeared on postoperative DWI in
the ventral part of the thalamus, ipsilateral to the treated an-
eurysm, which is supplied by the tuberothalamic artery origi-
nating from the PcomA (Fig 1). Five of 7 cases of the infarction
group also showed small ischemic lesions in various ipsilateral
cortical areas. None of the cases presented major cerebral in-
farctions at the cortical region of the PCA. The results of pre-
operative Allcock tests were positive in all 14 cases, which
demonstrated apparent retrograde filling of the PcomA
through the ipsilateral P1. The ipsilateral P1 segment was neg-
ative in the preoperative vertebral angiograms of all patients in
the infarction group. In contrast, the ipsilateral P1 segment
was positive in all patients of the noninfarction group. The
balloon remodeling technique was employed for 3 of 7 pa-
tients in the infarction group, and for 4 of 7 patients in the
noninfarction group. Postoperative MRA with gadolinium
enhancement performed 7 days after the treatment indicated
recanalization of the PcomA in 3 of 7 cases in the infarction
group, and in all 7 cases in the noninfarction group. Rebleed-
ing was not observed in any of the cases during the follow-up
period.

A comparison of the factors associated with ischemic com-
plication between the infarction group and the noninfarction
group is depicted in the Table. The incidence of negative P1
visualization on the vertebral angiogram was significantly
higher in the infarction group (7 of 7, 100%) than in the non-
infarction group (0 of 7, 0%; P = .00058). The mean PcomA
diameter in the infarction group (1.8 £ 0.4 mm) was signifi-
cantly greater than that observed in the noninfarction group
(1.2 £ 0.6 mm; P < .05). The mean PcomA/P1 ratio of the
infarction group (1.6 * 0.2) was significantly greater than that
of the noninfarction group (0.7 = 0.5; P < .01). The mean
aneurysm size in the infarction group (11.6 = 5.4 mm) was
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Fig 1. Diffusion-weighted imaging on the first day after surgery for 7 different patients of the infarction group, indicating tuberothalamic artery infarctions.

significantly greater than that observed in the noninfarction
group (5.4 £ 1.0 mm; P <.02). The incidence of postoperative
recanalization of the PcomA on MRA did not vary signifi-
cantly between the infarction group (3 of 7, 43%) and the
noninfarction group (7 of 7, 100%; P = .07).

Postoperative Course
Six of 7 patients in the infarction group postoperatively

showed hemiparesis contralateral to the treated aneurysms.
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The degree of hemiparesis was moderate to severe on the first
day after surgery and improved considerably within 1 month
after the treatment. The motor performance of 1 case was not
evaluated precisely because of the patient’s moderate tetrapa-
resis, which was caused by a previous stroke. Six of 7 patients
in the infarction group manifested memory disturbances at 1
month after the treatment. The mRS scores after 6 months
deteriorated in all 7 patients in the infarction group compared
with the previous mRS. Instances of morbidity included re-



Fig 2. A 69-year-old man without postoperative tuberothalamic infarction. A, Lateral view of the preoperative right internal carotid angiogram, indicating a posteriorly projecting right PcomA
aneurysm with a maximum diameter of 6.9 mm. B, Anteroposterior view of the left vertebral angiography, demonstrating anterograde visualization of the right posterior cerebral artery
(positive P1). C(lateral view) and D (anteroposterior view), The Allcock test revealed retrograde filling of the right PcomA and the aneurysm through the right P1. £, Preoperative right internal
carotid angiography in a working projection depicted the right PcomA aneurysm with a PcomA arising from the aneurysmal sac. F, Right internal carotid angiography obtained immediately
after coiling revealing the complete elimination of the aneurysm, along with the origin of the PcomA.

maining paresis, memory disturbances, and/or lack of sponta-
neity. One patient in the infarction group developed a left
internal carotid artery occlusion caused by a cardiogenic cere-
bral embolism that resulted from atrial fibrillation on day 24
postsurgery, which resulted in massive brain edema. The brain
edema was refractory to decompressive craniectomy, and the
patient died 27 days after the treatment. Symptomatic vaso-
spasm (transient aphasia) was observed in 1 case in the infarc-
tion group and did not result in permanent morbidity. A ven-
triculoperitoneal shunt for hydrocephalus was successfully
deployed in 4 patients in the infarction group and in 1 patient
in the noninfarction group. Four of 7 patients in the infarction
group, and 1 of 7 patients in the noninfarction group, showed
mRS scores of 3—6 at 6 months after the treatment. The pro-
portion of patients with mRS scores of 3—6 at 6 months post-
surgery did not differ significantly between the groups (P =
27).

Discussion

This study examined the preoperative angiographic features
and the pattern of ischemic complications after the coil embo-
lization of ruptured PcomA aneurysms in cases in which
the PcomA was sacrificed during the procedure. Half of

the patients developed tuberothalamic artery infarctions after
the treatment, though collateral flow was observed with the
preoperative Allcock test. The incidence of negative P1 visual-
ization on the preoperative vertebral angiogram was signifi-
cantly higher in the cases presenting postoperative tubero-
thalamic artery infarctions. The mean PcomA diameters, the
PcomA/P1 ratios, and the sizes of the aneurysms were signifi-
cantly higher in cases exhibiting postoperative tuberothalamic
artery infarctions. Postoperative hemiparesis and memory
disturbances caused by tuberothalamic artery infarctions af-
fected the final outcome.

Ischemic complications associated with coil embolization
of the aneurysms include embolism and hemodynamic isch-
emia with inadequate collateral reserves.'” Hemodynamic
ischemia is possible mechanism for the ischemic complica-
tions associated with the perforator region in the present
study. Ischemic lesions were homogeneously observed in the
same perforator region arising from the PcomA. These perfo-
rators should be supplied by the retrograde blood flow from
the vertebrobasilar system through the PcomA after the occlu-
sion of the PcomA at its origin, which was confirmed by the
preoperative Allcock test. However, actual blood flow to these
perforators was considered insufficient, because hemodynam-
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Fig 3. A 70-year-old woman with postoperative tuberothalamic infarction. A, A lateral view of the preoperative right internal carotid angiogram, indicating posteriorly projecting large right
PcomA aneurysm with a maximum diameter of 17.5 mm. B, An anteroposterior view of the preoperative left vertebral angiography, demonstrating a lack of visualization of the right posterior
cerebral artery (negative P1). C (lateral view) and D (anteroposterior view), The Allcock test revealed retrograde filling of the right PcomA and the aneurysm through the right P1. £ (3D
angiography) and F (conventional angiography), Preoperative right internal carotid angiography in a working projection, depicting the right PcomA aneurysm with a PcomA arising from the
aneurysmal sac. G, Right internal carotid angiography obtained immediately after coiling revealing the complete elimination of the aneurysm along with the origin of the PcomA.

ics under the Allcock test are not necessarily equal to physio-
logic condition. Insufficient collateral flow could induce flow
stagnation and thrombus formation, which were also possible
mechanisms for ischemic complications. Moreover, larger an-
eurysms are likely to have residual flow within the coil mass,
which facilitates the thrombus formation and ischemic com-
plications.'®"" In the present study, the mean aneurysm size in
the infarction group was significantly greater than that ob-
served in the noninfarction group. In contrast, recanalization
of the PcomA could be associated with resolution of the flow
stagnation and thrombus formation, resulting in avoidance of
the ischemic complications, though the incidence of postop-
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erative recanalization of the PcomA did not vary significantly
between the 2 groups in our study.

From the results of this study, we propose the relationship
between the preoperative angiographic features and the pat-
tern of postoperative cerebral infarctions. A positive Allcock
test and a positive P1 segment indicate a normal level of ana-
tomic variation, which is not associated with postoperative
infarctions. A negative P1 segment suggests the fetal variant
PCA, which was roughly defined as a variant exhibiting pri-
mary perfusion of the PCA from the ICA and minimal perfu-
sion of the PCA from the vertebrobasilar system, often with an
absent or hypoplastic P1 segment.'? In these cases, the pattern



Comparison of the factors

Infarction Group

Noninfarction Group

Parameter (n=17) (n=1) P
Negative P1 visualization 7/1 0/7 0.000582
PcomA diameter, mean = SD (mm) 1804 12+06 <0.05°
PcomA/P1, mean = SD 16+02 07+05 < 0.01°
Aneurysm size, mean = SD (mm) 116+54 54+10 < 0.02°
Recanalization of PcomA 3/7 7/7 0.07°

@ Fisher exact test.
® Mann-Whitney test.

of the postoperative infarctions depends on the degree of P1
patency, which can be measured with the Allcock test and
vertebral angiography. A positive Allcock test with negative
visualization of the P1 segment corresponds to the fetal variant
of PCA with a hypoplastic P1 segment, which results in tu-
berothalamic artery infarctions without cortical lesions. The
PcomA diameter and the PcomA/P1 ratio of patients in the
infarction group were compatible with the anatomical fea-
tures of the fetal variant PCA with a hypoplastic P1 segment.
The exact mechanism by which the blood flow to the cortical
region of the PCA was preferentially salvaged after the occlu-
sion of the PcomA in the infarction group remains unknown.
A negative Allcock test with negative visualization of the P1
segment corresponds to the fetal variant of PCA with an absent
P1 segment, which might result in tuberothalamic artery in-
farctions with cortical lesions of the PCA territories, though it
was not demonstrated in this study.

The number and the diameter of the perforating arteries
are relatively constant, regardless of the size of the parent
PcomA."*'* Four to 12 branches (with an average of 7) with a
diameter between 0.1 and 0.6 mm arise from the PcomA."?
Thelargest branch among these perforators has been called the
tuberothalamic artery, which has also been referred to as the
thalamotuberal artery, the premamillary artery, the polar ar-
tery, and the anterior thalamoperforating artery.'>'” The tu-
berothalamic artery commonly arises from the caudal part of
the PcomA, which is close to the PCA, or from the border
between the caudal and middle third of the PcomA."® The
tuberothalamic artery is considered to have an anatomically
complementary relationship with the paramedian artery orig-
inating from the P1 segment.'” These anatomic features might
be associated with the different infarct size associated with
each case in the present study.

The tuberothalamic artery irrigates the ventral section of
the thalamus, which includes the reticular nucleus, the ventral
anterior nucleus, the rostral section of the ventrolateral nu-
cleus, the ventral pole of the medial dorsal nucleus, the ma-
millothalamic tract, the ventral amygdalofugal pathway, the
ventral section of the internal medullary lamina, and the an-
terior thalamic nuclei.”® A primary feature of tuberothalamic
artery infarctions is the impairment of recent memory, which
is more prominent with left-sided lesions.'"® Amnestic syn-
drome is associated with a disconnection between the anterior
thalamic nuclei and hippocampal formation, caused by the
disruption of the mamillothalamic tract.?! In contrast, initial
transient or mild contralateral hemiparesis is considered to be
caused by the compression of the internal capsule by postisch-
emic edema.'” The prognosis after tuberothalamic artery in-
farction is generally favorable in terms of a robust recovery

from a motor deficit.*® However, cognitive deficits are more
permanent and could potentially carry an unfavorable prog-
nosis.** In the present study, tuberothalamic artery infarctions
were considered to exert an effect on the final outcome be-
cause vasospasm and chronic hydrocephalus did not affect the
final outcome in the infarction group. Cognitive deficits aris-
ing from tuberothalamic artery infarctions decreased the ac-
tivity of the patients, resulting in slower and more limited
progress in rehabilitation. The contribution of the acute brain
injury caused by SAH itself to the chronic cognitive deficits
should be considered to be another factor contributing to an
unfavorable outcome.”?

Branch occlusion is justified only when sufficient collateral
circulation is promised by the endovascular treatment of an-
eurysms with a branch arising from the sac.** This study indi-
cates that a positive Allcock test may not be a sufficient indi-
cator of sufficient collateral flow after the PcomA sacrifice. The
optimal treatment strategy should be chosen by comprehen-
sively estimating the risks of the ischemic complications pre-
dicted by the preoperative 4-vessel angiography, including the
Allcock test. Surgical clipping or coil embolization with a mi-
crocatheter protective technique are the optimal alternative
treatment strategies to spare the PcomA, when sacrifice of the
PcomA is considered risky.?

Conclusions

After the coil occlusion of ruptured PcomA aneurysms with
PcomA sacrifice, tuberothalamic artery infarctions tend to oc-
cur in cases displaying negative visualization of the P1 segment
through vertebral angiography, even when the collateral flow
is observed with the Allcock test.
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