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Distal Balloon Angioplasty of Cerebral Vasospasm Decreases
the Risk of Delayed Cerebral Infarction

M.-A. Labeyrie, ““'S. Gaugain, ““G. Boulouis, ““ A. Zetchi, *“). Brami, "#').-P. Saint-Maurice, “*'V. Civelli, **'S. Froelich, and
E. Houdart
=
ABSTRACT

BACKGROUND AND PURPOSE: Conventional angioplasty of cerebral vasospasm combines proximal balloon angioplasty (up to the first
segment of cerebral arteries) with chemical angioplasty for distal arteries. Distal balloon angioplasty (up to the second segment of cerebral
arteries) has been used in our center instead of chemical angioplasty since January 2015. We aimed to assess the effect of this new approach
in patients with aneurysmal SAH.

MATERIALS AND METHODS: The occurrence, date, territory, and cause of any cerebral infarction were retrospectively determined and
correlated to angioplasty procedures. Delayed cerebral infarction, new angioplasty in the territory of a previous angioplasty, angioplasty com-
plications, I-month mortality, and 6- to 12-month modified Rankin Scale = 2 were compared between 2 periods (before-versus-after January 2015,
from 2012 to 2017) with adjustment for age, sex, World Federation of Neurosurgical Societies score, and the modified Fisher grade.

RESULTS: Three-hundred-ninety-two patients were analyzed (160 before versus 232 after January 2015). Distal balloon angioplasty was
associated with the following: higher rates of angioplasty (43% versus 27%, P < .001) and intravenous milrinone (31% versus 9%, P << .001);
lower rates of postangioplasty delayed cerebral infarction (2.2% versus 7.5%, P = .01) and new angioplasty (8% versus 19%, P = .003)
independent of the rate of patients treated by angioplasty and milrinone; and the same rates of stroke related to angioplasty (3.6% versus
3.1%, P = 78), delayed cerebral infarction (7.7% versus 12.5%, P = .12), mortality (10% versus 11%,
73%, P = 21).

= .81), and favorable outcome (79% versus

CONCLUSIONS: Our study suggests that distal balloon angioplasty is safe and decreases the risk of delayed cerebral infarction and the
recurrence of vasospasm compared with conventional angioplasty. It fails to show a clinical benefit possibly because of confounding
changes in adjuvant therapies of vasospasm during the study period.

ABBREVIATIONS: aSAH = aneurysmal subarachnoid hemorrhage; DCIn = delayed cerebral infarction; WFNS = World Federation of Neurosurgical Societies

Angioplasty of cerebral vasospasm is broadly used in acute
aneurysmal SAH (aSAH). Two main approaches to angio-
plasty are used alone or combined: the balloon angioplasty per-
formed by most physicians up to the end of the first segment of
cerebral arteries (ie, in the proximal and largest arterial seg-
ments)'~ and intra-arterial vasodilator infusion therapy (chemi-
cal angioplasty).*” Their efficacy to treat the arterial narrowing
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has been demonstrated, but their benefit to prevent delayed cere-
bral infarction (DCIn) remains controversial.>” The feasibility of
balloon angioplasty up to the end of the second segment of the
cerebral arteries (distal balloon angioplasty) using an extracom-
pliant balloon has been recently reported.® On the basis of this
report, our experience of poor efficacy of chemical angioplasty,
and our preliminary experience with distal balloon angioplasty,
we decided to replace chemical angioplasty with distal balloon
angioplasty for distal vasospasm. The aim of this study was to
compare historically the safety and efficacy of this new approach
with the conventional approach using proximal balloon angio-
plasty and chemical angioplasty.

MATERIALS AND METHODS

Patients

Consecutive patients hospitalized in our center (Lariboisiére Hos-
pital, France) between January 2012 and December 2017 within
15 days of aSAH with a modified Fisher grade of =1 were in-
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microwire (ev3, Irvine, California), or
Scepter XC 412 (MicroVention, Tustin,
California) on a 0.014-inch Transend
microwire (Stryker, Kalamazoo, Michi-
gan), inflated through a 3.5-mL syringe
with a dilution of 50% Omnipaque
(iohexol 300 mg I/mL; GE Healthcare,
Piscataway, New Jersey). The anatomic
definition of distal-versus-proximal bal-
loon angioplasty is shown in Fig 1.

We performed balloon angioplasty
using previously reported technique.® A
test inflation of the balloon was per-
formed in the cervical artery to ensure
that it was plainly visible. The balloon
was inflated to the supposed normal di-
ameter of the artery and until the lateral
border of the balloon became parallel
and the balloon elongated (Fig 2). Angu-
lation and the diameter of the arterial

FIG 1. Anatomic definition of distal-versus-proximal balloon angioplasty. Frontal (A and C) and
lateral (B and D) angiograms of the right internal carotid artery before cerebral vasospasm. Arterial
segments treated using proximal balloon angioplasty are indicated in A and B (intra-arterial white
line). They include the terminal internal carotid artery and the main segments of cerebral arteries
up to the end of their first segment (single star for Al, double star for M). Arterial segments
treated using distal balloon angioplasty are shown in C and D (intra-arterial white line). They
include the terminal internal carotid artery and the main segments of the cerebral arteries up to
the end of their second segments (single arrowhead for pericallosal segment, double arrowhead
for the anterior M2 branch, and triple arrowhead for the posterior M2 branch).

A B C

FIG 2. Distal balloon angioplasty in a 1.5-mm large M2 segment using an extracompliant 4-mm-
large and 7-mm-long remodeling balloon. After we navigated in the distal M2 with a 0.010-inch
guidewire, the balloon was positioned (A) and inflated progressively (B and C). The balloon has
first a fusiform aspect (B) and then a tubular aspect and elongates (C) when it reaches the maximal
diameter of the vessel. The balloon was immediately deflated. This maneuver was repeated

segments were the most important
safety variables considered before bal-
loon angioplasty. Proximal balloon an-
gioplasty was performed for arteries
with a diameter =2.5 mm and located
proximal to the first angulation of the
cerebral arteries (up to the end of the
first segments) (Fig 14, -B). Distal bal-
loon angioplasty was performed for ar-
teries with a diameter of =1.5 mm and
located proximal to the second angula-
tion of the cerebral arteries (up to the
end of the second segment), also includ-
ing the pericallosal segment of the ante-
rior cerebral artery or up to the end of
the second segment of the 2 (or rarely 3)
major division branches of the middle
cerebral artery (Fig 1C, -D). Hypoplastic

within the entire segment from the proximal-to-distal M2.

cluded, except patients who died within the first 4 days after aSAH
onset. All patients were hospitalized in an intensive care unit.
Aneurysms were treated by embolization or clipping within 24
hours of admission. Acute hydrocephalus, neuroprotective mea-
sures, and primary prevention with oral nimodipine and detec-
tion of delayed cerebral ischemia were managed according to cur-
rent guidelines.” Clinical and imaging data were reviewed by
consensus from 2 neuroradiologists, including 1 who was inde-
pendent of the procedures. The mRS was retrospectively deter-
mined within 612 months after aSAH by an independent clinical
research associate with mRS certification and blinded to the pa-
tient’s care and the historical design of the study. Patients or their
relatives were informed and provided their consent for all clinical
care. The study was approved by our institution ethics committee.

Intensive Therapies of Vasospasm
Balloon angioplasty was performed using an extracompliant re-
modeling balloon, HyperForm 4-7 on an 0.010-inch Expedion
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segments were excluded on the basis
of prevasospasm vascular imaging.
Small anterior temporal branches from the middle cerebral arter-
ies or anterior frontal branches from the anterior cerebral arteries
were usually not dilated because of their small diameter and their
excessive angulation. The posterior cerebral arteries were treated
in a few selected cases and only proximally because DClns in this
territory were infrequent in our practice. Segments with obvious
collateral supply through the circle of Willis were usually not
treated. The parent vessel of an aneurysm was treated when nec-
essary (exceptaround a recent surgical clip) by taking care that the
balloon did not bulge inside the aneurysm. Balloon angioplasty
around a surgical clip was usually not performed because aneu-
rysmal ruptures have been described during balloon angioplasty
or navigation despite the clip. When a severe stenosis persisted
after a first dilation, a second dilation was usually performed by
taking care that the balloon did not overexpand on either side of
the stenosis (giving a “dog bone” appearance).

Chemical angioplasty consisted of single or, when necessary,



repeat daily intra-arterial infusions for 30 minutes of 3 mg of
nimodipine + 8 mg of milrinone + 40 mL of physiologic serum,
or 1 single continuous infusion for 3 days of 4 mg/h of milrinone.
Before January 2015, chemical angioplasty was performed for va-
sospasm of distal arterial segments when balloon angioplasty was
not considered feasible. After January 2015, chemical angioplasty
was replaced by distal balloon angioplasty.

All angioplasty procedures were performed with the patient
under general anesthesia by keeping a mean arterial pressure of
=90 mm Hg and normocapnia. Intravenous heparin (35-70 IU/
kg) was administered before angioplasty. Since January 2013,
continuous intravenous infusion of a high dose of intravenous
milrinone (1.5mcg/kg/min, then adapted to clinical tolerance for
at least 5 days) has been systematically considered after angio-
plasty.'® It was maintained when possible until the 14th day, and
the patient was weaned as indicated.

Indications for Intensive Therapies for Vasospasm
Intensive therapies were considered in patients with a high suspi-
cion or high risk of delayed cerebral ischemia. A high suspicion of
delayed cerebral ischemia was defined by the following: 1) a vaso-
spasm of =50% on DSA, especially when it was associated with a
delayed enhancement of distal cortical arteries; and 2) a decrease
in the level of consciousness or deficit or cerebral infarction oc-
curring between the fourth day and the 21st day unrelated to
seizure, severe intracranial hypertension, hydrocephaly, hypona-
tremia, aneurysm occlusion complications, or severe sepsis with
hypotension. In unconscious patients, a high risk of delayed cere-
bral ischemia was considered using only DSA criteria. The non-
invasive screening for vasospasm of =50% is detailed in the On-
line Appendix. An induced hypertension was begun in patients
with a high suspicion or a high risk of delayed cerebral ischemia.
Angioplasty was then considered consensually between the inter-
ventional neuroradiologists and the intensive care physicians. It
was performed only for arterial segments with vasospasms of
=50%. It was contraindicated when a cerebral infarction ex-
tended to the major part of the territory because of the risk of
reperfusion injury.

Safety of Angioplasty

Arterial embolism, dissection, perforation, and vasospasm wors-
ening were retrospectively reviewed on postangioplasty DSA. Dis-
section was distinguished from embolism using previously re-
ported criteria.'' Vasospasm worsening was defined as worsening
of arterial narrowing occurring after catheterization or balloon
angioplasty, not related to embolism or dissection, which resolves
spontaneously in most cases or after further angioplasty. Reper-
fusion syndromes after angioplasty including severe intracranial
hypertension requiring a hypertonic solution and symptomatic
intracerebral hematoma were also recorded. Chronic aneurysm
formation or occlusions of the arteries treated with angioplasty
were assessed on vascular imaging follow-up at 3—6 months.

Efficacy of Angioplasty

The efficacy of angioplasty was first determined by the rate of
patients with DCIn occurring in the territory of a previous angio-
plasty (postangioplasty DCIn). The determination of DCln is de-

tailed in the On-line Appendix. To summarize, DCIn was defined
as any cerebral infarction occurring within 3-21 days of presen-
tation, not related to an iatrogenic infarction or early low-flow
infarction.'> Only DCIn occurring after aneurysm treatment (in-
hospital DCIn) was taken into account in the current study. The
time and arterial territory of the DCIn were retrospectively deter-
mined using all available coregistered MR imaging and CT and
clinical data. Then, the time and arterial territory of DCIn was
compared with the timing and the territory of each angioplasty to
determine whether the DCIn occurred or extended into the terri-
tory of a previous angioplasty (postangioplasty DCIn). DCIn and
angioplasty were blinded. We also analyzed the occurrence of
DClIn in a territory without angioplasty (ie, occurring in the pa-
renchyma of nontreated vessels and including patients without
any angioplasty or with angioplasty in another territory) and
whether any new angioplasty was performed in the same territory
of a previous angioplasty (in a different session).

Statistical Analysis

Continuous variables were described as medians and interquartile
ranges and compared using the nonparametric Kruskal-Wallis test.
Categoric variables were compared using the x* or Fisher exact test
(unilateral test) as appropriate (SPSS 19; IBM, Armonk, New York).
A P value = .05 was considered significant. Baseline characteristics,
intensive therapies of cerebral vasospasm, and outcome were uni-
variately compared in historical analysis between the 2 periods (be-
fore-versus-after January 2015). DCIn, new angioplasty, 1-month
death, and 6- to 12-month favorable outcome (mRS = 2) were also
compared between the 2 periods after adjustment for age, sex, and
World Federation of Neurosurgical Societies (WENS) score = IV
and a modified Fisher grade = 3 using binary logistic regression. The
main analysis included all patients with aSAH. Then, a sensitivity
analysis was performed by including only patients treated with an-
gioplasty and patients who did not receive intravenous milrinone or
by comparing the angioplasty strategy used for each arterial territory
rather than at the patient level.

RESULTS

Population

Four-hundred-eighteen consecutive patients were treated for
acute aSAH in our center during the study period. We excluded 26
patients who died from early brain injury and before any angio-
plasty. A total of 392 patients were analyzed in the current study,
including 232 patients treated after January 2015 (distal balloon
angioplasty period) and 160 patients before that date (historical
control). Clinical and imaging data were available for all patients.
Follow-up MR imaging was available for 90% of them. Interob-
server agreement for DCIn determination was 0.903. The baseline
characteristics of the population are reported in Table 1.

Patients Treated by Distal Balloon Angioplasty

The intensive therapies used to treat cerebral vasospasm are de-
tailed in Table 2. We observed a higher rate of patients treated by
such therapies after January 2015 (P = .001). A total of 145 pa-
tients were treated by angioplasty including 109/145 (75%) by
distal angioplasty in at least 1 arterial territory.
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Table 1: Baseline characteristics of patients with aSAH

Efficacy of Distal Balloon

Total Period 1 Period 2 P Angioplasty
(N=392) (n=160)° (n=232) Value  Angioplasty efficacy and outcome are
Age (range) (yr) 52 (44-61) 52 (44-62) 52 (46-61) 9 reported in Table 3. After adjustment for
:_ergale (N:) (%)/ ﬁgg (223’) 13‘5‘ (i;of) 1]5]2 (i;‘f) 2 age, sex, and WENS score = IV and a
obacco (No.) (%, %, % % . . .
Chronic h(igh )bl(ogd pressure (No.) (%) 168 543%)) 76 §47%g 92 E40%; 1 moldlﬁed Fisher grade of.23, the second
Dyslipidemia (No.) (%) 84 (21%) 36 (22%) 48 (21%) 6 period was associated with a lower rate
Diabetes mellitus (No.) (%) 19 (5%) 9 (6%) 10 (4%) 3 of postangioplasty DCIn (OR= 0.26;
Modified Fisher grade 95% CI, .09-0.77; P = .015) and new
gzN(NO')/(%) ]gz (]296%;) ;‘7‘ (?3%;) 22 (]27;%/) ; angioplasty (OR= 0.39; 95% CI, 0.21—
O. °0 00 OO 00 . . . .
4 gNo.)) ﬁ%)) % ESS%? 89 §56%)) 7 ESS%)) s 0.72; P = .003)., without any significant
WEFNS association with DCIn (P = .12),
1, 11 (No.) (%) 270 (69%) 105 (65%) 165 (71%) 2 1-month mortality (P = .81), and 6- to
Il (No.) (%) 22 (6%) 1 (7%) 13 (6%) 6 12-month favorable outcome (P =
IV (No.) (%) 56 (14%) 22 (14%) 32 (14%) 1 21).
V (No.) (%) 44 (%) 22 (14%) 22 (9%) 2

After adjustment with intravenous

2 Period 1/period 2 (before/after January 2015) means chemical/balloon angioplasty as a first-line treatment of distal

vasospasm.

Table 2: Intensive therapies of vasospasm in patients with aSAH

milrinone, the second period re-
mained associated with a lower rate of
postangioplasty DCIn and new angio-

Total Period1  Period 2 P plasty and became significantly associ-
(N=392) (n=160)" (n=232)° Value (.4 ywith a lower rate of DCIn (P =
Intensive treatment of vasospasm (No.) (%)  155(40%)  47(29%)  108(46%)  <.001 .001).

Angioplasty (No.) (%) M5(37%)  44(27%)  101(43%) 001 . .
Distal angioplasty (No.) (%)° 109(28%)  35(22%) 74 (32%) 029 By including only patients treated by
Distal balloon angioplasty (No.) (%)° 87(2%)  13(8%) 74(32%) <oo01  angioplasty, the second period remained
Proximal balloon angioplasty (No.) (%) 91(23%) 26 (16%) 65 (28%) 004  associated with a lower rate of postan-
Chemical angioplasty (No.) (%) 36(9%) 31(19%) 5(2%) <.001 gioplasty DCIn and new angioplasty and
Intravenous milrinone (No.) (%) 86 (22%) 15 (9%) 71(31%) <.001 became significantly associated with

2 Period 1/period 2 (see Table ).

b Distal angioplasty means distal balloon angioplasty or chemical angioplasty.

¢ Distal balloon angioplasty was performed alone.

d Chemical and proximal balloon angioplasties were performed alone or combined.

Distal balloon angioplasty was attempted in 187 arterial
segments (90% of them in patients treated after January 2015).
Catheterization failed in 21/187 (11%) because of an excess
angulation between the first and second segments of cerebral
arteries. For these segments or for those without distal vaso-
spasm, only proximal balloon angioplasty was performed.
Distal balloon angioplasty was performed in 166 arterial seg-
ments: M2 = 92, A2 = 69, posterior communicating artery P1
or P2 = 5. An example of distal balloon angioplasty is shown in
Fig 3.

Safety of Distal Balloon Angioplasty

Complications of angioplasty are detailed in the On-line Table.
Cerebral infarction related to embolism or arterial dissection
or vasospasm worsening was observed in 5/87 (6%) patients
after distal balloon angioplasty. This rate was similar after
other angioplasty approaches (P = .75). Symptomatic intra-
cranial hemorrhages were observed in 3/87 (3.4%) after distal
balloon angioplasty. All had a large infarction on imaging be-
fore the procedure. This rate was similar to that in other ap-
proaches (P = .32). No malignant edema or arterial perfora-
tion was observed after distal balloon angioplasty. The
historical comparison of the rate of complications after angio-
plasty is reported in Table 3. Whereas more patients had an-
gioplasty in the second period, the rates of cerebral infarction
or symptomatic intracranial hemorrhage related to angio-
plasty were similar between the 2 periods (P = .64).
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DCIn (OR= 0.25; 95% CI, 0.10—0.59;

P =.002) and 6- to 12-month favorable

outcome (OR= 2.5; 95% CI, 1.1-5.7;

P = .026). Of note, in this population,
patients with a WENS score = IV were less frequent in the second
period (32% versus 50%, P = .02).

When we compared the angioplasty strategy used for each ar-
terial territory rather than at the patient level, the rate of postan-
gioplasty DCIn after distal balloon angioplasty was similar with or
without intravenous milrinone (respectively, 1/56 versus 0/31,
P = 1). It was lower than after other approaches (respectively,
41/87 versus 16/99, P < .001) even by including only patients who
received intravenous milrinone (respectively, 1/56 versus 10/53,
P = .003).

DISCUSSION

Our study suggests that distal balloon angioplasty is more ef-
fective than and has the same safety as conventional angio-
plasty to prevent DCIn and vasospasm. It failed to give evi-
dence of a clinical benefit of this new angioplasty strategy in
patients with aSAH.

Angioplasty for vasospasm is broadly used in many centers,
but its benefit is still unproven.'> Conventional angioplasty
combines balloon angioplasty for proximal vasospasm and
chemical angioplasty for distal vasospasm.” Chemical angio-
plasty is effective for treating distal vasospasm, but its effect is
not lasting, even with daily sessions because vasospasm fre-
quently reappears after a few hours.””>'* Continuous chemical
angioplasty for several days may have a more lasting effect but
is associated, in our experience, with a very high rate of cere-



FIG3. Anexample of distal transluminal balloon angioplasty of the anterior and posterior M2 branches of the right middle cerebral artery (same
patient as in Fig 1). Front (A—C) and lateral (D—F) angiograms of the right internal carotid artery. DSA before angioplasty (B and E) shows a severe
vasospasm (60%) of M1 (double star) and the anterior (double arrowhead) and posterior (triple arrowhead) M2 branches, with distal delayed
enhancement compared with DSA before vasospasm (A and D), which is cured after a distal balloon angioplasty procedure (C and F).

Table 3: Outcome of patients with aSAH

showed that symptomatic vasospasm is

Total Period 1 Period 2 P due, in 30% of patients, to isolated vaso-
(N=392) (n=160) (n =232)° Value  spasm of the second segment of the ce-
Complications of angioplasty rebral arteries. The vasospasm of these
Cerebral infarction (No.) (%) 10 (2.5%) 4(2.5%) 6(2.6%) 1 seaments cannot be treated by proximal
Intracranial hemorrhage (No.) (%) 4(0.7%) 1(0.6%) 3(1.3%) 64 & : vPp
Malignant edema (No.) (%) 4(1%) 4(25%) 0(0) 02 balloon angioplasty. The recent use of an
DCIn extracompliant balloon for distal bal-
DClIn (No.) (%) 38(9.6%) 20 (12.5%) 18(7.7%) al loon angioplasty probably explains the
Postangioplasty DCIn (No.) (%) 17 (4.3%) 12(7.5%) 5(2.2%) .01 excellent safety of this approach in our
DClIn without angioplasty (No.) (%) 26 (6.6%) 12 (7.5%) 14 (6.0%) 27 . . s
New angioplasty (No) (%) 49(2%)  30(19%) 19 (8%) 00y Seriesand that of Santillan et al.” Extra-
1-Month death (No.) (%) 42 (%) 18 (11%) 24 (10%) 45 compliant balloons navigate better than
6- to 12-Month mRS = 2 (No.) (%) 300 (76%) N7 (73%) 183 (79%) 2 noncompliant balloons. When the bal-

2 Period 1/period 2 (see Table 1).

bral embolism.* However, arterial ruptures have been reported
using a compliant balloon, especially in small and distal arter-
ies.'” In that setting, most interventional neuroradiologists do
not perform balloon angioplasty beyond the first segments of
the cerebral arteries. Balloon angioplasty using noncompliant
rather than compliant balloons has been suggested to prevent
any overdilation and injury of the artery.'® However, in our
experience, this technique was associated with a higher rate of
recurrent vasospasm or failure of angioplasty or dissection be-
cause of the difficulty of choosing the right diameter of the
balloon and navigating with a more rigid balloon catheter.
The feasibility of distal balloon angioplasty using an extracom-
pliant balloon has been recently reported. Our study is the first, to
our knowledge, to report a better efficacy with the same safety of
this approach compared with conventional angioplasty to prevent
DCln. Its efficacy may be explained by both the lasting and distal
effects of distal balloon angioplasty on vasospasm. Kohama et al'”

loon is inflated over the nominal diam-

eter of the artery, it first tends to increase
its length rather than its diameter as shown in Fig 2. Thus, extra-
compliant balloons are commonly used for a remodeling tech-
nique to treat distal aneurysms.

Our study failed to prove the clinical benefit of distal balloon
angioplasty in the aSAH population compared with the conven-
tional approach, despite a lower rate of postangioplasty DCIn. We
hypothesize that our study may have lacked power using the mRS
scale, which underestimates cognitive impairment'® or by includ-
ing, in the analysis, patients with aSAH rather than only those
with angioplasty (see Limitations below). We also speculate that
the higher rate of patients treated by intravenous milrinone in the
second period may have had adverse confounding effects on clin-
ical outcome.'® Comparison of our results with recent control
groups of randomized trials is shown in Table 4.*'**° Our cohort
of patients during the second period tended to have a lower rate of
DClIn and a better rate of favorable outcome, with quite similar
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Table 4: Comparative outcome with recent studies®

Fisher = 3 WENS < IV DCIn Angioplasty/Approach mRS = 4 Death
Our study (N = 232) 83% 77% 8% 42%/Distal balloon angioplasty 7% 10%
Matsuda et al 2016%° (N = 74) NA 92% 1% 18%/Conventional 18% NA
Macdonald et al 2012" (N = 189) >85% 84% 13% 21%,/Conventional 24% 6%
Santillan et al 20118 (N = 32)® 65% 60% NA 100%/Distal balloon angioplasty 7% 0%

Note:—NA indicates not applicable.

2 Qur results during the second period (with distal balloon angioplasty) were compared with those in the series of Santillan et al® and control groups of recent randomized aSAH

trials.
5Only patients who had an angioplasty of vasospasm were included.

baseline characteristics and a 2-times higher rate of angioplasty
using a distal balloon rather than conventional angioplasty.
Santillan et al® reported a similar rate of new angioplasty (7.5%),
a lower rate of procedure-related symptomatic complications
(0%), and a higher rate of mRS < 2 outcome in a series of 32
patients treated by distal balloon angioplasty (82%). Better base-
line characteristics may explain such differences in outcome com-
pared with our series.

Our study reports complications with distal balloon angio-
plasty. The possible occurrence of arterial dissection, even if most
are asymptomatic, underlines the importance of a careful tech-
nique of navigation and balloon inflation as described in the Ma-
terials and Methods. In our experience, arterial dissections oc-
curred more often during catheterization of angulated arteries
rather than during balloon inflation. No arterial rupture was ob-
served in our study. Santillan et al® reported 1 rupture of a rem-
nant clipped communicating aneurysm during navigation. A full
dose of heparin should be given during the procedure to prevent
embolism (except in the presence of a large infarction). Angio-
plasty should not be performed in territories with an extensive
infarct, given the high risk of reperfusion injury. Navigation may
fail in angled or distal branches. Finally, our study shows that
most of DCIns occur before any angioplasty. Further studies are
needed to better determine indications of angioplasty as a preven-
tive approach.

Limitations

Our study was retrospective and may have introduced interpreta-
tion biases. Safety and efficacy were assessed by 2 observers, in-
cluding 1 independent of the treatment, to limit these biases.
DClIn determination and angioplasty data were blinded, and clin-
ical outcome was assessed by 1 independent observer.

The historical comparison may have introduced confounding
factors. The higher rate of patients treated by intravenous vasodi-
lators and angioplasty in the second period may have affected the
DCln rate (the higher the number of patients treated, the more
likely it is that DCIn had been prevented). Some intravenous va-
sodilators such as clazosentan in the Conscious-3 (Clazosentan in
Aneurysmal Subarachnoid Hemorrhage) trial are associated with
a lower rate of DCIn.'” However, there is still no evidence of the
efficacy effect of intravenous milrinone in the literature. Some
authors even question intravenous vasodilators possibly being as-
sociated with a higher risk of adverse effects.'>>>*' We also ana-
lysed ‘postangioplasty DCIn’ and compared angioplasty strategy
and subgroup of patient with and without intravenous milrinone.
Actually, the rate of patient treated by angioplasty is more prone
to have a bad confounding effect on ‘postangioplasty DCIn’ since
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the higher the number of patients treated the more likely it is that
DCIn had occurred rather after that without angioplasty.

The subgroup analysis of patients with high-grade vasospasm
was not possible in the current study. Transcranial Doppler data
were not available retrospectively for all the patients or for all the
territories (including distal arteries). CTA and DSA data were
available only in patients with high suspicion or high risk of de-
layed cerebral ischemia. By including only patients with angio-
plasty, we have shown a lower rate of DCIn and a higher rate of
favorable outcome during the second period. However, these re-
sults are questionable because the higher rate of angioplasty dur-
ing the second period, probably due to larger indication criteria,
artificially decreases the ratio between DCIn or favorable out-
come and angioplasty. Thus, all patients with aSAH (rather than
only those with angioplasty or distal angioplasty) were included in
the main analysis, even if this inclusion reduces the power of the
study to show a benefit of distal balloon angioplasty.

CONCLUSIONS

Our study suggests that distal balloon angioplasty decreases the
risk of DCIn and recurrence of vasospasm after angioplasty com-
pared with the conventional approach of angioplasty. Random-
ization of distal balloon angioplasty versus no angioplasty in pa-
tients with a high risk of DCIn is warranted to provide evidence of
its clinical benefit.
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