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Treatment of acute stroke: a misconception
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“Stroke” is a translation from the Greek term “apoplexy”
that first appeared in the writings of Hippocrates (460 to
370 BC) meaning “struck down with violence”. It took
about 2,000 years until first concepts appeared about the
causes of stroke. Johann Jakob Wepfer, a Swiss physician,
was the first who differentiated between ischemic and
hemorrhagic strokes and described a case of carotid artery
disease in 1658, a few years before Thomas Willis, in 1664,
published a description of the cerebral vascular anatomy
[1]. It is evident now that “stroke” is a quite common
clinical syndrome associated with a variety of conditions
and diseases. We observe a rapid loss of brain function
mainly after the disturbance of cerebral blood supply but as
well after all types of intracranial hemorrhages—cerebral,
subarachnoidal, sub- and epidural-, in migraine, in enceph-
alitis, in intracranial tumors, after epileptic seizures and
hypoglycemia— and we know that all these conditions
have a variety of etiologies. In some of these diseases, other
factors than impaired blood circulation cause rapid brain
dysfunction. Nevertheless, “stroke” became the diagnosis
for disturbances of blood supply to the brain due to
ischemia or hemorrhage into brain tissue or subarachnoid
space and became, thus, more than just a syndrome by
implementing a specific pathogenesis caused by a wide
variety of diseases. It is evident, however, that “disturban-
ces of blood supply” in brain ischemia and hemorrhage do
not represent a useful concept in order to develop effective

treatment, like the diagnosis of “acute dyspnea” does not
give directions for specific and effective treatment.

We can learn from medical history that effective
treatment requires the visualization and subsequent under-
standing of pathology and pathogenesis. In the living
human, E. Moniz visualized the cerebral vessels about
50 years before images of the brain itself were obtained
with computed tomography (CT) and magnetic resonance
imaging [2]. The carotid artery is the section of the cerebral
circulation that is best accessible for palpation, auscultation,
and treatment. It is, therefore, of no surprise, that first
concepts of “stroke” treatment and prevention were based
on insights into carotid artery pathology and its consequen-
ces for the brain [3–5]. For the first time in the seventies of
the last century, CT visualized the brain and enabled the
differentiation between “ischemic stroke” and “hemorrhagic
stroke” in patients. Since then, a couple of randomized
trials studied the effect of tissue plasminogen activator
(TPA) in patients with the CT confirmed diagnosis of
“ischemic stroke” [6–10]. One of the first trials showed that
I.V. infusion of TPA within 3 h of the onset of ischemic
stroke reduces the proportion of patients with disability and
death by 7.4% [6]. The pivotal part 2 of this trial studied
whether treatment with TPA resulted in sustained clinical
benefit at 3 months after the CT-based diagnosis of
ischemic stroke. Among 165 placebo-treated patients, 26
patients (15.8%, 95% confidence interval (CI) 11% to 22%)
had an excellent clinical outcome with a modified Rankin
score (mRS) of 0 and 1. After TPA treatment, 39 out of 168
patients (23.2%, 95% CI 17% to 30%) had an excellent
clinical outcome (p=0.019) [6]. Despite this small treat-
ment effect—no beneficial effect in 92.6% of the patients
treated—I.V. infusions with TPA became the treatment of
choice for all patients with “ischemic stroke” for the first
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3 h after symptom onset. Moreover, treatment with TPA
after 3 h—although not tested—was regarded as risky and
strictly contra-indicated. In ECASS 3, the other positive
trial with TPA, patients were treated between 3 and 4.5 h
after stroke onset. In the placebo group, 182 out of 403
patients (45.2%, 95% CI 40% to 50%) had a favorable
clinical outcome (mRS: 0–1) at 3 months after stroke, and
219 out of 418 TPA-treated patients (52.4%, 48% to 57%;
intent-to-treat analysis). This means that 7.2% of patients
had a benefit from the treatment, but 92.8% of the patients
had no benefit. Both positive trials showed a relative small
effect with a number needed to treat of 14 with early or late
treatment. If TPA is given based on the diagnosis of
“ischemic stroke”, 13 out of 14 “ischemic stroke” patients
have no benefit. Nevertheless, this treatment is now widely
regarded as standard of care.

A combined analysis of all major randomized TPA trials
in acute ischemic stroke revealed a decrease in the
proportion of patients with favorable clinical outcomes
(mRS:0–1) with increasing time to treatment from 41%
within the first 90 min 37% in patients being treated
between 271 to 360 minutes after stroke [11]. During this
time period, the proportion of patients with spontaneous
favorable clinical outcome increased from 29% to 36%
resulting in a decline of “TPA response” with increasing
time from stroke onset to treatment (Fig. 1.) The impression
of a decline in TPA response with the delay of treatment
initiation in “ischemic stroke” stimulated the hypothesis
that infarct growth is the cause for the failure of treatment.
It is not considered so far that a selection-bias with less
diseased patients in later time groups is mainly responsible
for the smaller response to TPA.

As stated recently, we are confronted with the problem,
that all these randomized trials included patients just with
the diagnosis of “ischemic stroke” and did not care whether
these patients had an arterial occlusion with a thrombus that
could be solved with TPA [12]. The type and site of arterial

obstruction was not assessed, neither the underlying vessel
disease. Moreover, there was no check whether the
treatment resulted in recanalization and reperfusion. In
consequence, we have no idea why TPA works in one
patient, but not in the other. For everybody, who has used
TPA intra-arterially, there is no doubt that TPA can
recanalize arteries. We should, therefore, not blame the
drug for ineffectiveness, but our approach to identify
patients who will benefit from this special treatment.

As already mentioned [12], ischemic stroke patients do
not benefit from thrombolytics because of three main
reasons:

1. Thrombolysis is not required because of spontaneous
recanalization with subsequent recovery.

2. The treatment with I.V. rt-PA does not recanalize the
obstructed artery, or recanalization does not result in
reperfusion.

3. Recanalization and reperfusion of ischemic brain tissue
is achieved, but too late to enable the recovery of brain
functions.

It can be presumed that spontaneous restoration of
cerebral blood flow is the main reason for spontaneous
clinical recovery. We should study then whether patients
without arterial obstruction on CTA or MRA have any
benefit from I.V. thrombolytics. It can further be presumed
that failure of recanalization or prompt re-occlusion is a
main reason for the failure of I.V. thrombolytics. The
CLOTBUST-investigators observed that persistent occlu-
sion and reocclusion are the main reasons for clinical
deterioration after TPA treatment [13]. The same group
confirmed earlier observations that an occlusion of the
distal internal carotid artery can hardly recanalized with I.V.
TPA [14, 15]. Another group showed that the effect of I.V.
TPA is minimal in arterial tandem obstructions [16]. From
these observations, it is clear that patients should be
differentiated based on angiographic findings and moni-
tored during and after TPA infusion in order to identify
those who do not recanalize.

It is possible that patients do not recover and even
deteriorate clinically despite successful arterial recanaliza-
tion [17]. It is a matter of debate which image modality and
which image information can best predict a favorable
response to reperfusion therapy [18]. There is wide
agreement, however, that an effective treatment and
secondary prophylaxis after stroke requires detailed infor-
mation about cerebral vessels and tissue.

I have the strong suspicion that the ancient diagnosis
“stroke” is influencing the thinking of stroke physicians and
hinder from exact diagnosis. We should abandon this term
and replace it by individual diagnosis with description of
pathology for all patients who had suffered from a stroke
syndrome.
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Fig. 1 Proportion (%) of patients with favorable clinical outcome
(mRS, 0–1) after ischemic stroke after treatment with TPA (whole
columns) and placebo (blue columns) at different time periods (min)
after stroke onset according to [11]
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