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Letters

Safety of Angioplasty for Intracranial Artery

We read with interest the article ‘‘Intracranial
Angioplasty: Experience and Complication’’ by
Takis et al (1) in the October 1997 issue of the
American Journal of Neuroradiology. The authors
performed angioplasty in intracranial arteries in 10
patients with TIA or minor stroke and reported a
relatively high rate of intraprocedural complica-
tions, including vasospasm (63%), dissection
(25%), and compromise of perforating vessels
(25%). We speculate that perhaps technical differ-
ences in their procedures may have contributed to
their unfavorable results. In our previous study of
angioplasty for the basilar artery (2), we suggested
less invasive techniques, such as lowering inflation
pressure (,3 atm), dilating fewer times (once or
twice), and using a smaller balloon catheter (2.0
mm). It is also important to inflate the balloon cath-
eter slowly. These techniques could minimize the
intimal damage and prevent occlusion of the per-
forating artery and excessive dissection. In addi-
tion, significant hemodynamic disturbance is re-
ported to occur only with more than 70% stenosis;
further dilatation of less than 50% stenosis may not
always be necessary to achieve adequate cerebral
blood flow. The purpose of angioplasty should be
to provide sufficient perfusion to reduce ischemic
symptoms, not to achieve an angiographic cure,
which is often associated with an unacceptable
complication rate. Nevertheless, the restenosis rate
of our techniques is to be determined by a larger
number of patients and long-term follow-up data.
In our limited experience with 25 cases that have
been followed up more than one year, the restenosis
rate has been less than 10% (two cases). This is
relatively low when compared with the reported
data regarding angioplasty for the intracranial ar-
tery (30% [3]) and angioplasty for the coronary
artery. Most important, our complication rate,
based on our 30 cases, is much lower (6%, unpub-
lished data) than that reported by Takis et al.

In general, mechanical vasospasm is temporary
and responsive to vasodilators, as suggested by the
authors. Persistent vasospasm is mostly related to
arterial dissection, particularly the dissection of
small vessels, such as intracranial arteries, and may
not always be apparent on cerebral angiograms. Be-
cause silent dissection does not commonly cause
stroke, systemic heparinization administrated for 3
days after angioplasty is the preferred treatment of
patients with potential arterial dissection in our
institution.

Toshihiro Ueda, MD, PhD
William T. C. Yuh, MD

Division of Neuroradiology and MRI Center
Department of Radiology

The University of Iowa College of Medicine
Iowa City, IA

References
1. Takis C, Kwan E, Pessin M, Jacobs D, Caplan L. Intracranial

angioplasty: experience and complication. AJNR Am J Neuro-
radiol 1997;18:1661–1668

2. Nakatsuka H, Ueda T, Ohta S, Sakaki S. Successful percutaneous
transluminal angioplasty for basilar artery stenosis: technical
case report. Neurosurgery 1996;39:161–164

3. Mori T, Mori K, Fukuoka M, et al. Percutaneous transluminal
angioplasty for total occlusion of middle cerebral arteries. Neu-
roradiology 1997;39:111–116

Reply
We appreciate the interest of Drs Ueda and Yuh

in our article Intracranial Angioplasty: Experience
and Complication. We agree that submaximal per-
cutaneous transluminal angioplasty (PTA) of intra-
cranial arteries with balloons inflated slowly and at
low pressure is probably a safer technique, because
it is less traumatic to the intima and media of treated
arteries. Nevertheless, only careful long-term fol-
low-up in a larger series of patients can determine
the efficacy and restenosis rate with this approach.

Eddie Kwan, MD
New England Medical Center

Boston, MA

Direct Angioplasty for Acute Occlusion of
Intracranial Artery

We have read with interest the article Direct Per-
cutaneous Transluminal Angioplasty for Acute
Middle Cerebral Artery Occlusion by Nakano and
colleagues (1). The authors report their experience
using direct percutaneous angioplasty (PTA) as the
sole means of treating 10 patients with acute mid-
dle cerebral artery (MCA) occlusion when the ini-
tial CT scans demonstrate early ischemic changes
or involvement of lenticulostriate arteries or both.
The authors’ rationale for choosing direct PTA
alone to establish blood flow without using throm-
bolysis is based on the high risk of hemorrhagic
complications in this group of patients. The authors
believe that avoiding thrombolytic therapy can re-
duce such a risk. The angiographic success rate in
their patients was relatively high (80%), and there
were no hemorrhagic complications; however, only
two patients had full recovery. With 20% clinical
recovery and 20% distal embolization, the rationale
for their method becomes debatable despite a high
rate of angiographic success without hemorrhagic
complications.

We wonder whether the authors may have over-
looked the fundamental pathophysiology that caus-
es hemorrhagic complications during acute isch-
emic stroke. Patients with early ischemic findings
on initial CT scans have a high risk of hemorrhage
after re-established blood flow primarily because of
the high incidence of reperfusion of irreversibly
damaged ischemic tissue. The thrombolytic agent
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can contribute to but is not the primary cause of
hemorrhagic complications (ie, reperfusion of dead
tissue). The most effective way to prevent such
complications is either to avoid reperfusion of ir-
reversibly damaged tissue or to recanalize the oc-
cluded vessel as early as possible. In some patients,
the blood flow of the cortex in the distal MCA
territory can be rescued by recanalization of the
occluded M1 segment by using direct angioplasty.
Angioplasty alone, however, will not dissolve the
clot nor re-establish the blood flow effectively, par-
ticularly in the perforators, but will further propa-
gate the clot distally. Therefore, the relatively low
rates of hemorrhage and clinical recovery suggest
that their technique of performing angioplasty
alone may not be as effective in re-establishing the
blood flow. If the authors believe that early isch-
emic findings on the initial CT scan suggest irre-
versibly damaged tissue and a high risk of hem-
orrhage, then early interventional treatment,
including PTA, should not be performed in patients
who have such findings.

One important question in the treatment of acute
stroke is whether we are treating reversible isch-
emia. Our previous reports suggest that reversibil-
ity of ischemic tissue can be assessed by single-
photon-emission CT of pretreatment CBF, which
can help in the selection of appropriate patients for
thrombolysis by reducing hemorrhagic complica-
tions and improving outcome (2, 3). Our previous
experience also suggests that a combination of
thrombolysis and angioplasty is effective in failed
thrombolysis cases or reocclusion cases (4). We
strongly believe that angioplasty is an effective op-
tion in reperfusion therapy for acute ischemic
stroke and can shorten the duration of ischemia and
improve the success rate of recanalization. Most
importantly, the purpose of angioplasty should be
to improve the neurologic systems of stroke pa-
tients by increasing CBF, not to improve angio-
graphic results.

Toshihiro Ueda, M.D., Ph.D.
William T.C. Yuh, M.D.

Division of Neuroradiology and MRI Center
Department of Radiology

The University of Iowa College of Medicine
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Reply
We appreciate the interest of Ueda and Yuh in

our report about direct percutaneous transluminal
angioplasty (PTA) for acute middle cerebral artery
(MCA) occlusion. To our regret, however, they
misinterpreted our thesis and results. We reported
that four (57%) of seven patients with embolic
MCA trunk occlusion showed marked clinical im-
provement. All patients had early ischemic findings
on the initial CT scan, however, and lenticulostriate
artery (LSA) involvement, both of which have been
reported to be predictive signs of hemorrhagic
complications after thrombolytic therapy (1, 2).
This good result indicates that early ischemic find-
ings on the initial CT don’t always suggest irre-
versibly damaged tissue.

In patients with these findings, urgent recanali-
zation should be undertaken prior to the onset of
irreversible brain damage. In patients with embolic
MCA trunk occlusion, the embolus is often so large
that it is resistant to thrombolysis and mechanical
crushing of the embolus by direct PTA is preferred
to time-consuming thrombolytic therapy. Our ra-
tionale for choosing direct PTA for these patients
is based on the high risk of hemorrhagic compli-
cation when time-consuming high-dose thrombol-
ytic therapy is performed. We chose direct PTA in
order to achieve rapid recanalization, not to avoid
using thrombolytic agents. We agree with Ueda and
Yuh that angioplasty is an effective option in re-
perfusion therapy for acute ischemic stroke and it
can achieve rapid recanalization (3).

In patients with embolic MCA trunk occlusion,
conservative treatment often leads to extended
space-occupying cerebral edema or massive intra-
cerebral hemorrhage owing to late spontaneous re-
canalization after complete damage of the vessel
wall (4). Even if most of the ischemic tissue cannot
escape cerebral infarction, therapeutic recanaliza-
tion might be effective if recanalization could be
performed without hemorrhagic complications and
the goal of rehabilitation could be improved. The
purpose of recanalization therapy should be to im-
prove clinical outcome, not solely to achieve an
excellent full recovery. We have never aimed to
improve angiographic results. We do aim to im-
prove clinical outcome.

In our study, three (43%) of seven patients with
embolic MCA occlusion had cerebral infarctions in
spite of rapid recanalization, suggesting irreversible
ischemic damage. In these three patients, however,
neither space-occupying cerebral edema nor mas-
sive intracerebral hemorrhage was found in the
course of treatment because of the rapid recanali-
zation prior to the damage of the vessel wall. Re-
habilitation of these three patients went well and
we believe that their clinical outcome was im-
proved by the urgent recanalization therapy.
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We have also demonstrated that direct PTA alone
could achieve complete recanalization in five
(71%) of seven patients with embolic MCA occlu-
sion. Crushed fragments of the embolus migrate
distally and often lyse spontaneously, resulting in
complete recanalization without thrombolysis. In
the other two patients, additional thrombolysis was
required because of the distal embolization. Al-
though distal embolization by crushed fragments is
a noteworthy problem of direct PTA for cerebral
embolism, thrombolysis of these fragments is likely
to be easy with small amounts of thrombolytic
agents. We agree with Ueda and Yuh that a com-
bination of angioplasty and thrombolysis is effec-
tive in some patients. In order to recanalize the oc-
cluded vessel as early as possible, direct PTA and
subsequent thrombolysis of crushed thrombi should
be effective.

Angioplasty is effective in patients with ather-
othrombotic stroke, particularly in failed thrombo-
lysis or reocclusion cases; however, in patients with
atherothrombotic MCA branch occlusion, sufficient
arterial patency was not achieved with the mini-
mum dilatation force of 2 to 3 atm because of the
small diameter of the vessel.

In summary, angioplasty is an effective option
in reperfusion therapy for acute MCA occlusion,
particularly in patients with atherothrombotic
stroke. Even in patients with embolic MCA occlu-
sion, when early ischemic findings and LSA in-
volvement is present, urgent recanalization by di-
rect PTA should be performed and additional
thrombolysis may be required in some patients.

Shinichi Nakano
Department of Neurosurgery
Junwakai Memorial Hospital

Miyazaki, Japan
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In Re: Reversible Ischemia Determined by
Xenon-Enhanced CT after 90 Minutes of

Complete Basilar Artery Occlusion
In their case report, Reversible ischemia deter-

mined by xenon-enhanced CT after 90 minutes of

complete basilar artery occlusion, Levy et al de-
scribe a patient with acute basilar artery occlusion
whose right occipital lobe remained viable after re-
perfusion, despite 90 minutes with blood flow to
this region reduced to 6 mL /100 g per minute (1).
This finding—the rationale for their report—sug-
gests a lower threshold for reversible ischemia at
90 minutes (at least in the posterior circulation)
than the 10–12 mL /100 g per minute that is gen-
erally accepted.

The basis for their diagnosis of reversible isch-
emia, however, is the finding of resolution of hy-
poattenuation in the medial right occipital lobe on
a CT scan done 12 days after stroke, as compared
with a scan obtained 2 days after stroke. The au-
thors do not provide a late CT scan (2 to 3 months
after ictus), an MR scan, or an autopsy report that
documents that cavitation has not subsequently
evolved. Such documentation is necessary to prove
that the normal attenuation coefficients found at 12
days were because of preservation of normal tissue
rather than the result of a more likely phenome-
non—fogging of an evolving infarction (2–4).

Infarct fogging, the apparent normalization of
the CT scan hypodensity associated with an acute
stroke, typically occurs between the second and
third weeks after infarction. It is believed to be
caused by the capillary proliferation and macro-
phage invasion into infarcted brain parenchyma
that occurs after the resolution of acute edema but
before the development of tissue cavitation.

Michael H Lev, MD
Director of Emergency Neuroradiology

Department of Radiology
Massachusetts General Hospital

Robert H Ackerman, MD
Director of the Neurovascular Laboratory
Departments of Radiology and Neurology

Massachusetts General Hospital
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Reply
In regard to the comment by Lev and Ackerman

concerning our article, Reversible Ischemia Deter-
mined by Xenon-Enhanced CT After 90 Minutes of
Complete Basilar Artery Occlusion, we agree that
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the fogging effect may have initially introduced er-
ror into our ability to define infarction. Nonethe-
less, subsequent studies not cited in this article
demonstrated retained tissue volume. Additionally,
it must be noted that hemorrhage transformation of
infarcted tissue occurred only on the left, where the
PCA territory remained occluded despite attempted
thrombolysis. The fact that hemorrhagic transfor-
mation was absent on the right, with Xe/CT and
angiographic evidence of normal parenchymal
blood flow, leads us to believe that this tissue was
viable with intact perfusion regulatory mechanisms.

It should be clarified that the region with flow
values less than 6 cc/100 g/min were primarily
within the deep white matter of the occipital lobe.
These therefore did not represent the more tradi-
tional mixed cortical flow values for the threshold
of infarction that are more commonly referred to in
the physiologic literature.

Howard Yonas, M.D.
Peter J. Jannetta, M.D.

Elad Levy, M.D.
Department of Neurological Surgery

University of Pittsburgh
School of Medicine

Pathogenesis of Syringomyelia

I read with great interest the article, The Presy-
rinx State: A Reversible Myelopathic Condition
that May Precede Syringomyelia, by Nancy J.
Fischbein et al (1). Although their theory of patho-
genesis for the formation of the presyrinx state and
syringomyelia is provocative, several areas need
further clarification. The authors propose, as have
others, that increased pressure in the subarachnoid
space of the spinal canal in patients with Chiari
malformation or other causes of relative blockage
of CSF flow at the foramen magnum would cause
the CSF to flow along the perivascular spaces and
accumulate either in the central canal, causing sy-
ringomyelia, or in the cord substance itself, causing
a ‘‘presyrinx’’ state. Nonetheless, as has been
pointed out by others, increased pressure applied to
a fluid (CSF) surrounding a distensible semisolid
structure (the spinal cord) would have a tendency
to compress that structure rather than force fluid
into it (2). The only way there can be net flow of
fluid into the spinal cord from the CSF surrounding
it is if there is a pressure differential from the sub-
arachnoid space to the central canal or to the spinal
cord substance.

The authors state it has been proved that CSF
flows from the subarachnoid space into the peri-
vascular spaces of the spinal cord and from there
along the interstitial spaces toward the central ca-
nal. For support of this, the authors reference
Stoodley et al, among others (3). To summarize the
experiment of Stoodley et al briefly, they injected

horseradish peroxidase into the subarachnoid space
of sheep and, by reducing arterial pulsations by li-
gating the brachiocephalic trunk, they demonstrated
a reduction in the distribution of the horseradish
peroxidase tracer through the perivascular spaces
and central canal. They felt this experiment sup-
ported the hypothesis of arterial-driven flow of flu-
id from the subarachnoid space into the perivas-
cular spaces across the interstitial space and into
the central canal. In my opinion, however, this does
not prove that there is bulk flow of fluid in that
direction. It only proves that the cerebrospinal fluid
is anatomically continuous with the central canal
through a series of perivascular and interstitial
spaces (4) and that when you impart energy (arte-
rial pulsations) to a solid (horseradish peroxidase
tracer) in solution (CSF) that solid will be distrib-
uted more rapidly and over a greater volume than
if no energy is imparted to the mixture.

Liquids flow along the path of least resistance
and from regions of high pressure to regions of low
pressure. In order for there to be a net flow of fluid
from the subarachnoid space through the very
small (high resistance) perivascular and interstitial
spaces into the very small (high resistance) central
canal of the cord, and then possibly out the central
canal at the level of the obex, there must be a sig-
nificant pressure differential between the cerebro-
spinal fluid surrounding the spinal cord and the
pressure in the central canal. Or, the resistance to
flow from the subarachnoid space surrounding the
spinal cord to the cisterna magna or basilar sub-
arachnoid space must be greater than the combined
resistances of the perivascular spaces, interstitial
spaces, and central canal. This seems unlikely.

As we have previously proposed, we believe that
the spinal cord is a net producer of extracellular
fluid (5), and that this fluid normally flows along
the perivascular spaces either into the subarachnoid
space or possibly even into the central canal and is
ultimately absorbed at the arachnoid villi with the
rest of the CSF (6). We feel that increased resis-
tance to flow at the foramen magnum by either
Chiari I malformations or other causes prevents this
extracellular fluid from exiting, and it accumulates
in the spinal cord. This explanation appears more
reasonable to us than the hypothesis that cerebro-
spinal fluid is somehow forced from the subarach-
noid space through channels of very high resistance
into the spinal cord and accumulates there.

William C. Olivero, M.D.
Associate Professor of

Neurological Surgery and Pediatrics
University of Illinois

College of Medicine at Peoria
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Reply

We appreciate Dr. Olivero’s letter and his interest
in our article. In their paper (1), Drs. Olivero and
Dinh describe a patient with post-traumatic ac-
quired Chiari I malformation and syringomyelia
that spontaneously resolved without intervention.
They review multiple theories of the pathogenesis
of syringomyelia and hypothesize that head trauma
in this 28-year-old woman resulted in elevated in-
tracranial pressure and secondary tonsillar hernia-
tion that then led to obstruction of CSF flow at the
level of the foramen magnum. They hypothesize
that this resulted in elevated pressure in the spinal
subarachnoid space, preventing egress of fluid nor-
mally produced in the spinal cord and resulting in
syrinx formation. When the elevated intracranial
pressure resolved, normal CSF flow across the fo-
ramen magnum was reestablished, and the syrinx
resolved.

We appreciate Dr. Olivero’s emphasizing that the
source of CSF within hydromyelic cavities associ-
ated with the Chiari I malformation is controversial
and by no means firmly established. He reviews the
evidence that, in the context of a Chiari I malfor-
mation and accentuation of systolic pressure waves
within the spinal subarachnoid space, CSF may not
be driven into the spinal cord parenchyma along
the perivascular spaces. Rather, the CSF produced
within the cord substance may be prevented from
exiting because of elevated pressure in the spinal

subarachnoid space. We failed to mention this the-
ory in our report (2). Nonetheless, if true, this the-
ory regarding the directionality of CSF flow is not
inconsistent with our hypothesis that a presyrinx
state may depend upon the patency of the central
canal and, more importantly, is associated with
CSF obstruction which, if relieved, may reverse the
condition.

Nancy J. Fischbein, M.D.
William P. Dillon, M.D.

Department of Radiology
University of California, San Francisco

San Francisco, CA
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Erratum:
The correct references for the letter to the edi-

tor—Hawley RJ, Payne JM, Giannola LS. The Use
of Hyperventilation in Contrast-Enhanced MR
Imaging of Brain Tumors. AJNR Am J Neurora-
diol 1999;20:1184–1185—are:

1. Pronin IN, Holodny AI, Kornienkio VA, Petraikin AV, Golovanov
AV, Lee HJ. The use of hyperventilation in contrast-enhanced
MR of brain tumors. AJNR Am J Neuroradiol 1997;18:1705–1708

2. Ross RT. Transient tumor attacks. Arch Neurol1983;40:633–636
3. UK TIA Study Group. Intracranial tumors that mimic transient
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4. Cameron EW. Transient ischemic attacks due to meningioma:
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Transcranial Doppler monitoring during induction of anesthe-
sia: effects of propofol, thiopental, and hyperventilation in pa-
tients with large malignant brain tumors. J Neurosurg1993;5:
86–93
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hyperventilation for improving the visualization of glial tumors
of the brain in magnetic resonance tomography using the con-
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ko1995;3:10–13
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