
L E T T E R
The Proper Study of Fibrinolysis Is . . .
The commentary by del Zoppo et al (1) misrepresents

key issues raised in our article (2). Corrigenda are numer-
ous and therefore, we will focus on several examples of
misinterpretation, inconsistency, inaccuracy, and omis-
sion.

Del Zoppo et al misinterpreted the thesis of our manu-
script. We reiterate that we “regard randomized controlled
studies as the reference standard for assessing therapeutic
effectiveness” and that “appropriately timed randomized
controlled trials are needed to evaluate the relative clinical
effectiveness of intraarterial fibrinolysis” (2). Our article
does not suggest that registries, even those that incorpo-
rate features of the experimental paradigm (3), should
replace properly conducted double-blind, placebo-con-
trolled trials in the investigation of therapeutic efficacy.
Their statement that “the result of the last patient’s therapy
is no way to base future care” is a non sequitur. We did not
state, or imply, that clinicians should base therapeutic
decisions on the “last patient treated.” Nor is this an ac-
curate characterization of properly used registries. The
quotation concerning databases from Byar, on page 1220
of the commentary, was taken out of context (1). Byar
speaks to the specific use of databases in making treat-
ment comparisons. However, we do not propose using
registries instead of phase III randomized controlled trials
to arrive at definitive conclusions about treatment differ-
ences. Byar himself declared: “Nobody can oppose data-
bases. I am enthusiastic about databases. I just want to see
that they do not replace randomized trials in settings where
randomized trials are essential for avoiding bias and get-
ting clear answers” (4).

We further question the scientific value of their com-
mentary for several reasons. They ignore the very rules of
evidence to which they ascribe (1, 5). They state, based on
references 32, 33, 35, 36, 41, and 42 (1), that the “safety
and efficacy of microcatheter devices and the access tech-
niques” have been “demonstrated.” However, the studies
cited were uncontrolled and, therefore, constitute what del
Zoppo et al refer to as “experience” and “anecdotal” evi-
dence. Not one of them meets the evidentiary criteria that
the authors enunciated for establishing safety and efficacy
(5). Moreover, the only two prospective protocols referred
to by del Zoppo et al were suspended by the Food and
Drug Administration.

Similar criticisms apply to the authors’ statement that
the “safety and efficacy” of cerebral angiography is “un-
disputed.” What evidence do del Zoppo et al offer to sup-
port this assertion? An uncontrolled retrospective case
series reported by Mani et al in 1978 (6–8). Because
cerebral angiography was the primary vascular imaging
modality at that time, it was frequently used to evaluate
young patients, as well as other groups with a low preva-
lence of cerebral atherosclerotic disease. Consequently,
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the 1978 series pertains to conventional cerebral angiog-
raphy in patients who, in general, were not experiencing an
acute stroke. We maintain that superselective angiogra-
phy, with intracranial catheter placement during an evolv-
ing stroke, may result in a significantly higher complica-
tion rate, particularly when it is combined with fibrinolytic
therapy.

In an overview of cerebral angiography complications,
Hankey et al (9) selected studies “that used consistent and
sound methodology and analysis.” They identified eight
prospective and seven retrospective studies with a com-
bined total enrollment of 8312 patients, and concluded:
“For patients with mild cerebrovascular disease undergo-
ing cerebral angiography, the risks of suffering a neuro-
logic complication (TIA [transient ischemic attack] or
stroke) are about 4%, and the deficit may be permanent in
1%.” More recently, Davies and Humphries (10) observed
a much higher complication rate than that quoted by del
Zoppo et al, in a patient sample that is more likely to be
representative of candidates for an acute stroke interven-
tion trial. In this largely prospective study (91% of the
data were collected prospectively), the permanent neu-
rologic complication rate was 4%, including 1% mortal-
ity, in patients with symptomatic carotid territory isch-
emia undergoing cerebral arteriography. Similarly, the
prospective study by Heiserman et al (11) demonstrated
a 3.1% incidence of transient or persistent neurologic
deficit and a 1.6% incidence of persistent neurologic def-
icit in 322 cerebral angiograms performed circa 1992, in
a subgroup of patients with a history of stroke, transient
ischemic attack, endarterectomy, intraparenchymal
hemorrhage, or asymptomatic neck bruit.

Del Zoppo et al also disregard the limits of phase III
studies for establishing safety. They ignore the fact that
the typical efficacy trial does not include enough patients
to detect uncommon, serious adverse events reliably
(12, 13). The bulk of information concerning the safety
of therapeutic maneuvers derives from data acquired us-
ing designs other than the randomized controlled phase
III trial.

Contrary to the perceptions of del Zoppo et al, not all
registries have nonstandard definitions, definitions chang-
ing in time, difficulties with specification of groups com-
pared, missing data, and multiple comparisons. Registries
can be protocol based, use inclusion and exclusion crite-
ria, address a primary research question based on a self-
controlled comparison, use standard definitions, which are
stable over time, implement quality-control procedures,
including site audits to minimize missing and inaccurate
data, and avoid multiple comparisons except for explor-
atory purposes (3).

The statement that the study of local intraarterial cere-
bral fibrinolysis is unique because of the need to evaluate
multiple factors concurrently is of questionable validity.
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First, evaluation of multiple factors in efficacy research
is not new (14); is not rare (15–17), and, therefore, is
not unique (18). In fact, there are several examples of
multifactor randomized controlled trials in coronary fi-
brinolysis (19–21). Second, evaluation of an intraarterial
treatment strategy does not, de facto, demand separa-
tion of the procedural component from the drug compo-
nent. It would be desirable to separate these elements for
explanatory purposes, but it is not essential from the sci-
entific and pragmatic points of view; for example, it
would be useful to establish an intraarterial treatment
strategy for stroke-reduced mortality and improved qual-
ity of life, compared with an alternative treatment strat-
egy, even if the procedural and drug components of the
strategy were inseparable.

The authors’ perspective concerning the separation and
estimation of procedural and pharmaceutical effects ig-
nores cost. Estimating these effects requires a more com-
plex study design that could impact the feasibility of a
phase III intraarterial trial. First, the control maneuver
needed to separate the effects may be unethical; for ex-
ample, impaling the arterial obstruction with the drug de-
livery device, to effect blinding, is an unproved, potentially
active, and dangerous control (2). Second, estimating the
separate procedural and drug effects requires additional
study arms and patients. For example, estimating the iso-
lated procedural effect requires two nondrug study arms in
addition to the fibrinolytic arm(s); that is, procedure and
no fibrinolytic versus no procedure and no fibrinolytic.
There are too few experienced operators, at the present
time, to enroll the number of patients required to estimate
the combined procedure-drug effect with adequate statis-
tical power, let alone separate these effects.

The comment on evaluation of technical variables is
also inaccurate. Del Zoppo et al state that “one of the
principle weaknesses of the registry approach . . . is that it
is simply not feasible to evaluate all the technical variables
related to thrombolysis . . .” (1). However, this is an even
greater problem in randomized controlled phase III studies,
because of their narrower focus and relative inflexibility.
Moreover, it is beside the point. We did not suggest that all
of the technical variables should be evaluated in an effi-
cacy study.

Omissions from the commentary are disturbing. Del
Zoppo et al avoided confronting several scientific and
pragmatic issues raised in our manuscript. These include:

1. Difficulties associated with selection of appropriate
controls;

2. Practical and ethical concerns regarding the control
maneuver;

3. The need for more centers than there are experienced
operators;

4. The potential impact of changing technology on trial
results;

5. The lack of a consensus regarding the details of the
experimental maneuver; and

6. Feasibility.

806 LETTER
To avoid redundancy, we will not revisit each of these
issues. However, regarding items 3 and 6, del Zoppo et al
state the obvious: “Randomized trials are not the proper
forum for learning a new technical skill” (1); however, they
do not reconcile this tenet with the paucity of operators,
skilled or otherwise, in this field.We submit that a contem-
porary phase III study of intraarterial cerebral fibrinolysis
requires participation of inexperienced operators who
would, in effect, learn “a new technical skill” (read, in-
traarterial fibrinolysis) by doing it in the trial.

In summary, the debate is not whether to supplant a
phase III trial of intraarterial fibrinolysis with a registry. It is
whether a sophisticated, expensive, and relatively inflexi-
ble phase III randomized controlled trial is justified at this
time. The commentary by del Zoppo et al obscures the
issues and does little to advance the debate.

Robert D. G. Ferguson
John G. Ferguson

Memphis Vascular Research Foundation
Memphis, Tenn
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Editor’s note: The original article by Ferguson and Fer-
guson, which appeared in AJNR, was commented on in
that issue by del Zoppo et al. For this reason, the preceding
letter has been accepted for publication without any further
comment from del Zoppo et al. Both parties had ample
opportunity to present their views, and further discussion
of this issue in the Journal would be repetitive and would
probably best be handled at a national meeting in an
open-debate forum. In the following comment, Drs Wolp-
ert and Caplan were asked to provide some independent
closing comments on the issues involved.

Comment

Debates help all parties focus on the key issues and the
major areas of agreement and dispute. Optimally, the pro-
cess of interchange leads to cooperation, compromise,
and ingenuity at solving the problems and agreeing on a
plan of action. Not surprisingly, there are many points of
agreement between Ferguson and Ferguson and del
Zoppo et al. Both sets of authors recognize the devastating
and costly impact of stroke, the inadequacy of present
treatments, and the need to develop alternative therapies
such as thrombolysis, particularly because preliminary
data suggest an association between thrombolysois, reca-
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nalization, and recovery. Also, both groups of authors be-
lieve that randomized controlled trials are needed to es-
tablish the clinical value of local intraarterial thrombolysis.

The main questions at issue are when and how to plan
such a trial. Del Zoppo et al believe that that time is now.
The Fergusons urge a delay during which time registries
will accrue data, technology will advance, and interven-
tionalists will gain experience. They also believe it will be
impossible to achieve sufficient statistical significance be-
cause of the slow accrual of patients aggravated by chang-
ing techniques, the paucity of experienced operators, and
the length of operator learning curves. Furthermore, they
dispute del Zoppo et al’s claims that microcatheter tech-
niques have been proved to be safe, and that cerebral
angiography in patients with acute stroke is safe.

Del Zoppo et al acknowledge the slow accrual problem
but believe it can be overcome by having an appropriate
number of centers so that the data can be acquired in a
reasonable period of time. For a study on intraarterial
thrombolysis to succeed, it is the responsibility of the
primary investigator to maintain patient accrual so that the
data are released in a timely manner and particularly be-
fore the technologies change.

Ferguson and Ferguson are correct in stating that cur-
rent reports indicate that arteriography in patients with
acute stroke has a permanent neurologic complication
rate of approximately 3% to 4% as shown by recent stud-
ies. The problem, however, with such a statistic is that
again it is not controlled—what would be the complication
rate of “no angiography” in patients with acute stroke?
Angiography can be used to guide the use of anticoagu-
lants and other treatment even in patients not undergoing
thrombolysis. In our hands, the complication rate is lower
than that reported by others, and we believe that the ben-
efits of angiography outweigh the risks. Although there is
indeed an inherent risk in microcatheter techniques, pa-
tients at the greatest risk may have the most to gain by
undergoing cerebral angiography and intraarterial throm-
bolysis.

The ethics of performing angiography in patients with
acute stroke and then possibly treating them with a pla-
cebo is a major concern and essentially has no simple
solution. If the patients are clearly told what the chances of
receiving a placebo are, and are also told about the risks of
“no arteriography” and the benefits of best current medical
treatment, they will at least be in a position to give an
informed consent. As has happened many times in the
past, medical advances cannot always be achieved in a
tightly controlled environment of perfectly controlled trials
in an expeditious time frame. Other trials such as the North
American Symptomatic Carotid Endarterectomy Trial and
the extracranial-intracranial bypass study faced similar
issues. The Fergusons acknowledge that, had randomized
clinical trials been mandatory, many surgical therapies
currently used would not have ensued. The proposed par-
ticipants of an intraarterial thrombolytic trial should meet
in a cooperative spirit and attempt to create the best pro-
tocol and plan for a pilot study. No one always gets it right
the first time. If we delay, the natural history of stroke
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will remain as devastating as it has been, and furthermore,
possible benefits to our patients will not materialize. Any
cerebral intraarterial trial must be performed only by ex-
perienced angiographers—neuroradiologists who are
trained and skilled in the use of the new microcatheters.
We agree with the Fergusons that the limited number of
centers that have experience with intraarterial thromboly-
sis for cerebrovascular disease is a problem. We also agree
with del Zoppo et al that the time for a trial is now or at least

808 LETTER
very soon. That the Fergusons have legitimate concerns,
which should translate into a well-conceived and thought-
out protocol, should not halt the process.

Samuel M. Wolpert
Louis Caplan

New England Medical Center
Boston, Mass
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Errata

In the January 1995 article “Proton MR Spectroscopy in Patients with Neurofibromatosis Type 1: Evaluation of
Hamartomas and Clinical Correlation” (Castillo et al, 16:141–147), Figures 2 and 5 were switched. The correct
Figures 2 and 5 appear below.

In the March 1994 article “Digital Angiotomosynthesis for Preoperative Evaluation of Cerebral Arteriovenous
Malformations and Giant Aneurysms” (Shigeta et al, 15:543–549), part of the legend to Figure 1F was deleted in a
printer’s error. The legend should have read:

F, Superficial sagittal angiotomogram reconstructed 50 mm to the right of the midsagittal plane showing
middle cerebral artery branches and feeders on the brain surface.

Fig. 2. Proton MR spectra obtained from the basal ganglia of
a healthy volunteer. Note similarities with spectra obtained
from hamartomas (Figs 3 and 5). 1 indicates taurine; 2, cho-
line; 3, creatine; and 4, N-acetyl-aspartate.

Fig. 5. Proton MR spectra obtained from a basal ganglia
hamartoma. 1, indicates choline; 2, creatine; and 3, N-acetyl-
aspartate.


