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Abstract
Cerebral vasospasm (CV) and delayed cerebral ischemia (DCI) are major factors that limit good outcome in patients with
spontaneous subarachnoid hemorrhage (SAH). Continuous therapy with intra-arterial calcium channel blockers has been intro-
duced as a new step in the invasive treatment cascade of CV and DCI. Sedation is routinely necessary for this procedure. We
report about the feasibility to apply this therapy in awake compliant patients without intubation and sedation. Out of 67 patients
with invasive endovascular treatment of cerebral vasospasm due to spontaneous SAH, 5 patients underwent continuous
superselective intracarotid nimodipine therapy without intubation and sedation. Complications, neurological improvement,
and outcome at discharge were summarized. Very good outcome was achieved in all 5 patients. The Barthel scale was 100
and the modified Rankin scale 0–1 in all cases at discharge. We found no severe complications and excellent neurological
monitoring was possible in all cases due to patients’ alert status. Symptoms of DCI resolved within 24 h in all 5 cases. We could
demonstrate the feasibility and safety of selective intracarotid arterial nimodipine treatment in awake, compliant patients with
spontaneous SAH and symptomatic CVand DCI. Using this method, an excellent monitoring of neurological function as well as
early detection of other complications is possible. It might be an important step in the risk reduction of invasive CV therapy to
improve the outcome with CVand DCI after SAH in selected patients.
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Introduction

Despite the fact that the mortality of spontaneous subarachnoid
hemorrhage (SAH) decreased within the last century, vasospasm
still seems to be one of the most relevant factors which influence
patients’ outcome [1]. Delayed cerebral ischemia (DCI) after
SAH accounts for up to 30% of new neurological deficits [2,
3]. The detection of cerebral vasospasm (CV) as a possible cause
of DCI and its further treatment is crucial in the treatment path of

SAH patients [2]. As a calcium channel blocker, nimodipine is
the only pharmacological agent that has been shown to have a
positive effect on outcome in CV [1]. In patients with refractory
CV, invasive endovascular methods, such as balloon angioplasty,
temporary deployment of retrievable intracranial stents, as well
as repeatedly or continuous selective intra-arterial injection of
calcium channel blockers could be considered [4–7]. Because
of relatively short half-life of nimodipine, repeated superselective
intra-arterial injections are often needed. Therefore, continuous
selective intracarotid application of calcium channel blockers
(nimodipine) has been introduced as a treatment option [8–11].
A microcatheter is deployed into each internal carotid artery via
transfemoral access. This necessitates leaving an introducer
sheath and a large-bore catheter in the groin and aorta. In order
to avoid unintentional dislocation of microcatheters from the
internal carotid arteries, intubation and sedation of these patients
has been generally accepted.
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Consequently, direct monitoring of neurological function is
not possible under these circumstances. Multimodal monitor-
ing including transcranial Doppler sonography as well as par-
tial oxygen brain tissue pressure (ptO2) monitor the treatment
effect and the course of the disease only indirectly. To improve
the invasive vasospasm therapy monitoring and its effect on
neurological deficits, continuous selective intracarotid
nimodipine application without general anesthesia was pro-
posed in compliant patients with refractory cerebral vaso-
spasm and DCI after SAH, if all other less invasive treatment
options did not result in improvement of neurological deficits.

To our knowledge, this is the first report describing the
feasibility of continuous intra-arterial vasodilator therapy in
awake patients.

Methods

This study comprises a cohort of 67 patients with SAH who
underwent endovascular treatment of CV with continuous se-
lective intracarotid calcium channel blocker infusion. All pa-
tients sustained spontaneous SAH. Initial head CT and CT
angiography were performed for detection of hydrocephalus
and bleeding source. In the case of hydrocephalus, a ventric-
ular drain was implanted and if an aneurysm responsible for
bleeding had been identified, it was treated with either clip-
ping or coiling within 24 h after admission to our hospital. The
neurovascular team consisting of neurosurgeons and neurora-
diologists was involved in the decision-making process
throughout the whole treatment. In all symptomatic patients,
induced hypertension and either oral or intravenous
nimodipine were applied depending on the severity of CV
identified with CT angiography and transcranial Doppler so-
nography (TCD). According to our protocol, induced hyper-
tension (MAP ≥ 100mmHg) and continuous intravenous ther-
apy with nimodipine are indicated in the case of symptomatic
CV and DCI. Except for neurological deterioration, relevant
increase in TCD (> 120 cm/s or 30 cm/s/day) is used as a
condition for CV definition. The increase of 30 cm/s/day is
the most relevant parameter in this concern. The blood veloc-
ity of 120 cm/s without rapid progression or new focal neuro-
logical deficits results in closer observation and higher fre-
quency of TCD. According to our local protocol, CT with
CT-angiography and CT-perfusion is performed after initia-
tion of the conservative measures. If CT-perfusion revealed
perfusion delay and CTA confirmed CV despite maximal con-
servative management, DSA and intra-arterial continuous in-
fusion of nimodipine via indwelling microcatheters in both
internal carotid arteries were indicated. Awake patients with
SAH and progressive CVand symptomatic DCI were eligible
for the treatment without general anesthesia. This is a new
therapy concept which has been started at our department
since the end of 2017. Patients’ neurological status and

compliance were the main aspects that made the awake spas-
molytic nimodipine therapy feasible. After severe CV was
confirmed by digital subtractive angiography (DSA), a 6F
guiding catheter (Envoy; Codman Neurovascular, Raynham,
MA, USA) was inserted through a 6F introducer sheath
(Terumo; Tokyo, Japan). Following that, bilateral
microcatheters (Echelon 10; Covidien, Mansfield, MA,
USA) were placed in the petrous part of the internal carotid
artery. These were left in place, while the guiding catheter was
pulled down to the aortic arch. The 6F introducer sheath was
then fixated to the skin with two sutures. The extracorporal
part of the guiding catheter was placed with a loop in that way,
that its hemostatic valve pointed cranially, so that the
microcatheters could be placed on the abdomen. It was padded
with gauze swabs to prevent ulcers and secured with standard
OPSITE® films which enabled a waterproof and transparent
dressing enabling regular checks from outside.

Up to 2 mg nimodipine per hour were given continuously
through the microcatheters and simultaneously, anticoagulation
with full dose of low molecular heparin and daily oral 100 mg
acetylsalicylic acid was administered during the intra-arterial
therapy.

TCD was performed daily. Difference between blood flow
velocity in TCD 24 h before intra-arterial therapy and directly
before the procedure as well as before the procedure and 24–48 h
after the beginning of the therapy was calculated. Duplex sonog-
raphy and assessment of the microcatheter in the ICA to rule out
dislocation or apposition thrombus or signs of vessel wall injury
were performed routinely. Anti-factor Xa was measured for dose
adjustment of low molecular weights heparins. Neurological ex-
amination was assessed at least 3 times daily. Nimodipine dose
was adjusted according to the clinical findings and Doppler
values. In the case of obvious neurological and sonographic im-
provement, intra-arterial nimodipine was stopped with overlap-
ping intravenous administration of nimodipine. A CT scan with
CT-angiography and -perfusion was performed 6 h later. If no
relevant CV or significant improvement with no DCI in CT-
perfusion was found, DSAwas initiated and intra-arterial cathe-
ters were removed. The detailed monitoring of neurological sta-
tus was documented. Nimodipine therapy was continued either
intravenously or orally.

Results

Five patients who developed symptomatic CV were treated
with continuous nimodipine infusion without sedation. In 2
cases, the continuous intra-arterial nimodipine infusion lasted
for 7 days, in 1 for 10 days and in 2 cases even 15 days of intra-
arterial nimodipine therapy were necessary. Demographic data
as well as the aneurysm characteristics are summarized in Table
1. The initial symptoms of DCI in our patient group were new
onset of speech disturbances in two patients, new onset of
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progressive hemiparesis in two patients, and confusion follow-
ed by reduced state of consciousness in one patient. TCD con-
firmed significant increase in blood flow velocity. CT-perfusion
confirmed significant perfusion delay in all patients.

Overall blood flow velocity in TCD showed direct re-
sponse on intra-arterial nimodipine therapy, 24 to 48 h after
initiation of treatment (Table 1).

One patient removed the intra-arterial catheter unintendedly
after 7 days of treatment. In 1 case, a small local thrombus was
found in the femoral artery after a treatment period of 15 days.
Follow-up with daily Duplex sonography showed regression of
thrombus without causing significant occlusion or
thromboemboli. All patients achieved an excellent outcome at
discharge without focal neurological deficit. No heparin- or
nimodipine-related complications were documented. New neu-
rological deficits induced by DCI resolved within 24 h in all
cases. TheModified Rankin scale was 0–1 and the Barthel scale
100 at the discharge from the hospital.

Illustrative case

A 46-year-old female patient was admitted to our hospital with
severe headache and nausea. She had a history of nicotine abuse
and arterial hypertension. CT scan revealed SAH. According to
Hunt & Hess scale, SAH was graded as I. According to the
Fisher scale, it was graded as III. Initially, CSF drainage was
renounced due to her good clinical status and missing signs of
hydrocephalus in CT. Multiple aneurysms (left MCA, distal
ICA and PCA; right ACA) were detected on CTA. Due to
distribution pattern of SAH and greater size of aneurysms, the
left-sidedMCA and ICA aneurysms were identified as possible
sources of bleeding. Both aneurysms were treated
endovascularly (Fig. 1). No intraprocedural complications were
documented. The patient was admitted to the ICU for further
observation. Nimodipine therapy was initiated with starting
dose of 6 × 60mg orally. Four days after onset of SAH, bilateral
increase of blood velocity in MCA and ICA was detected.
Induced hypertension with mean arterial pressure of
100 mmHg was initiated. Simultaneously, according to our
institutional protocol, nimodipine therapy was escalated from
oral nimodipine to i.v. nimodipine, 2 mg/h. Despite these mea-
sures, a rapid clinical deterioration and progressive global apha-
sia occurred. Perfusion CT revealed perfusion delay within the
left MCA and ACA territory (Fig. 2a). Furthermore, progres-
sive macrovasospasm was detected on CTA and DSA (Figs. 2b
and 3). The patient was considered being eligible for awake
implantation of intracarotid microcatheters transfemorally
(Fig. 4). The procedure was performed in local anesthesia. No
complications occurred. Continuous intracarotid nimodipine
therapy with up to 2 mg of nimodipine per hour was started.
After few hours, the speech disturbance resolved completely.
Transcranial Doppler sonography showed normal flow

velocities in ICA and MCA on both sides during the next days.
After 7 days of treatment, improvement of radiological
macrovasospasm was found. New cerebral infarctions could
be excluded. The intra-arterial nimodipine therapywas stopped,
instead intravenous nimodipine was administered. The patient
was discharged from hospital after 23 days without neurologi-
cal deficit. Oral nimodipine was administered till 2 weeks after
discharge and slowly reduced to none.

Discussion

We present a new option for invasive treatment of DCI and
CV in patients with SAH. According to our knowledge, this is
the first report on invasive treatment of DCI with continuous
intra-arterial calcium channel blockers in awake patients with-
out sedation.

DCI has a tremendous impact on the outcome of patients
with SAH [3]. Intra-arterial application of calcium channel
blockers may reverse the cerebral macrospasm [4, 12, 13].
Furthermore, it has been reported that a significant improve-
ment of clinical outcome may be achieved even after single
intra-arterial nimodipine application [13]. However, the vaso-
dilation induced by nimodipine lasts for a short period, while
severe vasospasmsmay last longer than 14 days. Additionally,
repeated transfers to the angiography suite increase the risk for
other complications. Furthermore, the typical side-effect of
high-dose systemic nimodopine is arterial hypotension and
hemodynamic instability. Different vasodilators have been
used against CV so far, Kerz et al. compared the local intra-
arterial application of nimodipine with papaverine in patients
with symptomatic CVand found out that papaverine has better
vasodilatory effect on vessels but without significant differ-
ence on capillary blood flow and patients’ outcome at dis-
charge [14]. In contrary to our study, local single intra-
arterial application of nimodipine or papaverine was used.
Negative effects of papaverine were reported by some authors
[15]. Nevertheless, the role of papaverine as well as for
milrinone as a treatment agent for CV and DCI remains un-
clear [10, 16]. Other endovascular methods offered in patients
with refractory CV are balloon angioplasty and temporary
deployment of retrievable intracranial stents [17–21].
However, they both require superselective catheterization of
spastic small-caliber intracranial proximal arteries, which
could easily cause vessel dissection and perforation and pro-
vide only treatment of proximal intracranial vasospasm.
Besides, it is not clear yet, whether treating angiographic prox-
imal vasospasm has an effect on distal vasospasm or total
outcome. Studies showed that nimodipine could be effective
even without causing angiographically proven regression of
vasospasm, and delayed infarcts following SAH can occur in
territories without angiographic vasospasm [22–24]. Based on
these facts, continuous intra-arterial nimodipine application
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has been introduced in order to improve the treatment of CV
and DCI. The feasibility and effect of this method were re-
ported in some studies [8–11, 25]. In all reports, sedation and
strong supine position sometimes even with rigid neck collar
were described. This regimen hinders neurological evaluation
of the patients and transforms beforehand awake patients to
sedated patients without effective monitoring despite all
methods of invasive neuromonitoring in the ICU.
Furthermore, thromboembolic or bleeding complications

may be difficult to reveal early in sedated patients. We have
proposed to treat compliant patients with progressive neuro-
logical deficits as a consequence of DCI and CV awake with
continuous intra-arterial nimodipine therapy. In all patients,
excellent results could be achieved. The new DCI-induced
neurological deficit was resolved within 24 h without excep-
tion. Furthermore, no severe complication related to the intra-
arterial treatment occurred. Nimodipine dose given intra-
arterially in the dose up to 2 mg/h is surely related not only
to higher local vasodilatory effect but also could result in
higher complications and side effects. Except for arterial hy-
potension mentioned before, other complications such as
blurred vision or dizziness and pronounced sweating were
reported. We found none of these complications in our small
patients’ cohort. Even patients with slight orientation distur-
bance improved after the start of the therapy. Similarly, we
found no profound bleeding or local complications of
prolonged catheter position. However, surely, larger studies
must confirm this experience as well as superior effect of
continuous intra-arterial nimodipine effect to for instance frac-
tionated nimodipine therapy or the application of other
vasodilatory agents. Nevertheless, continuous intra-arterial
nimodipine application results in less transports and unneces-
sary manipulation as well as in prolonged nimodipine effect
which might influence macrospasm and microspasm or pre-
vent infarction resulting from DCI. Based on the same reason,
microcatheters are positioned in the osseous part of both
ICAs, so that macrocirculation and microcirculation of all
supratentorial arterial territories may be achieved. This seg-
ment of ICA shows less vulnerability to the endovascular
catheter. Moreover, that way, superselective catheterization
of small spastic intracranial vessels and potentially their
catheter-related occlusion may be avoided. Excellent monitor-
ing of neurological function and monitoring of the treatment
effectiveness was achieved. Only 1 patient removed the cath-
eter unintendedly on day 7 of treatment due to a short period

Table 1 Patients’ and treatments’ characteristics (f—female, m—male, ACOM—anterior communicating artery, ICA - internal carotid artery, MCA—
medial cerebral artery, PICA—posterior inferior cerebellar artery, WEB - woven endobridge device)

Age
and
gender

Hunt and
Hess
grade

Ruptured aneurysm
vessel

Length of intra-arterial
nimodipine therapy
(days)

Treatment of
ruptured
aneurysm

Neurological deficit
during vasospasm
phase

ΔTCD 24 h before
intra-arterial
nimodipine
(cm/s)

ΔTCD 24–48 h after
intra-arterial
nimodipine
(cm/s)

47, f 1 MCA left and
ACIICA instead
of ACI left

7 WEB device
and coiling

Aphasia + 91 − 70

49, f 2 MCA right 15 Coiling Hemiparesis + 37 − 12
56, f 3 PICA left 7 WEB device Aphasia + 64 − 49
52, m 5 ACOM 6 Coiling Hemiparesis and

orientation
disorder

+ 44 − 34

50, f 4 MCA right 10 Clipping Disturbance of
consciousness and
hemiparesis

+ 77 − 85
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Fig. 1 Digital subtraction angiography in anteroposterior projection
showing complete occlusion of the left ICA-aneurysm with coils (black
arrow) and the left MCA-bifurcation-aneurysm with WEB device (white
arrow). No significant vasospasm of the intracranial arteries (ICA—inter-
nal carotid artery, MCA—middle cerebral artery, WEB—Woven
endoBridge embolization device)



of disorientation and disquiet state. No further invasive CV
therapy was initiated and the patient remained stable. In one
case, a local thrombus was found in the femoral artery after
15 days of intra-arterial nimodipine therapy which showed
regression in daily follow-up with Duplex sonography. The
thrombus remained asymptomatic and since the patient was
treated prophylactically with aspirin due to cardiovascular co-
morbidities, no additional treatment regimen was necessary.

Another important issue is that vasopressor dosage may be
reduced in patients without additional sedation and ventila-
tion, so that intra-arterial nimodipine therapy may be better
tolerated. Larger studies with detailed evaluation of vasopres-
sor dosage must clarify this statement.

CT-angiogram and perfusion as well as DSA are surely
related to higher radiation exposure. MRA may be an alterna-
tive in this patient group, but it requires a careful preselection
because in restless patient, motion artifacts sometimes make
the examination useless. We think that MRA seldom reaches
the spatial resolution of a multi-detector CT. Thus, CTA
proves itself as a reliable diagnostic tool. However, routine
screening with TCD and escalation of conservative treatment
steps as described before prevent unnecessary radiation dose.
Nevertheless, sufficient neurological monitoring and TCD
may contribute to less number of additional diagnostic

procedures. Similarly, if we compare single local nimodipine
intra-arterial administration to continuous intra-arterial
nimodipine treatment, it could be beneficial for patients even
in regard to radiation exposure, since mostly repetitive local
nimodipine infusions and angiograms are necessary.

The main aim of our study was to show the feasibility of
this new treatment concept of CVor even DCI. Surely, based
on 5 patients, it is not possible to generalize our recommen-
dation and large prospective clinical series are necessary to
confirm the effectiveness and reliability of this treatment.
Even if we had no major complications, due to small number
of patients, we cannot generalize our statement. Full-dose
heparinization might potentially result in severe complica-
tions, even if according to our experience, it is beneficial to
have the opportunity assess the clinical and neurological ex-
amination immediately, so that such a potential complication
can be detected very fast. None of our patients had DCI-
associated infarction on CT images at the discharge; however,
no diffusion-weighed images were performed, so that detailed
analysis of possible small infarction is not possible with our
data. Small emboli coming from microcatheters may remain
undetected even in the case of sufficient anticoagulation.
However, there were no thromboembolic complications de-
tectable according to the patients’ clinical condition.
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Fig. 2 a CT perfusion (CTP)
presenting mismatch between
mean transit time (MTT) and
cerebral blood volume (CBV) in
the left hemisphere suggesting
impending infarction. b CT
angiogram-MIP (maximum
intensity projection) axial view
demonstrating severe vasospasm
of the left proximal anterior and
medial cerebral artery (white
arrows)



At the present study, we could show the effectiveness of intra-
arterial calcium channel blockers’ vasodilation in awake patients
without the need for sedation and immobilization. This point is
surely simultaneously the weak spot, since it is difficult to esti-
mate how well the individual patient will tolerate this rather
uncomfortable treatment. However, thus an excellent neurologi-
cal monitoring is possible and after detailed explanation, the
advantages may be discussed directly with the patient. The fast
improvement of neurological deficits was impressive in all 5
cases. Even patients with orientation disturbances seem to profit
from this treatment method very fast and tolerate it surprisingly
well. Aggressive and non-cooperative patients are not appropri-
ate for this treatment. However, detailed patients’ characteristics
that help to identify appropriate candidates for this therapy re-
main to be elucidated in larger studies. The pathogenesis of CVis
still not completely understood. However, it seems to be a com-
plex process not only consisting of macrovasospasm but also
probably involving small vessels as well [2, 26]. For this reason,
intra-arterial calcium channel blocker therapy might be much
more effective and should be considered in patients with progres-
sive neurological deficit due toDCI, even if they did not sustain a
severe SAH. Those patients could benefit from continuous intra-
arterial treatment, while waving of sedation allows for an excel-
lent neuromonitoring with early detection of possible complica-
tions while eliminating its side effects.

Conclusion

We have demonstrated the feasibility and safety of the contin-
uous intra-arterial calcium channel blockers treatment without
sedation in conscious patients with DCI and CV after SAH.
Excellent monitoring of the neurological function and moni-
toring of potential complications is possible with this method.
We found no severe complications related to the awake state
of patients receiving this therapy and all patients achieved
excellent neurological outcome.
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