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Abstract
Botulinum toxin type A (BoNT-A) is considered the gold standard for the treatment of focal post-stroke spasticity (PSS). 
However, a recently published study estimated that a significant percentage of patients affected by PSS could benefit from 
higher doses of BoNT-A than those permitted by current directives in the countries studied. Several studies have reported 
the use of high doses of BoNT-A in the management of patients affected by severe PSS; however, the most important adverse 
effect of this drug might be systemic diffusion of the toxin, which could potentially be related to its dose. Even if systemic 
toxicity is a rare event, fear of systemic toxicity is still the most relevant concern regarding use of high doses. The aim of our 
narrative review was to show the state of the art on the use of high doses of BoNT-A in patients affected by PSS in order to 
define the safety profile, focusing on both clinical and instrumental assessment of systemic effects. Current evidence from 
the literature suggests that higher doses of BoNT-A are effective in reducing spasticity of upper and lower limbs after stroke, 
with rare occurrence of mild adverse effects. The use of high doses seems to be an effective and safe therapeutic option to 
reduce multifocal or generalized PSS in selected patients. In particular, the potential role of higher doses in order to improve 
the functional outcome of these patients should be noted.

Key Points 

Botulinum toxin type A (BoNT-A) is currently consid-
ered the gold standard for the treatment of focal post-
stroke spasticity (PSS). However, it has been suggested 
that a significant percentage of affected patients could 
benefit from doses higher than those permitted by cur-
rent directives in the countries studied.

Several studies have reported the results of use of higher 
doses of BoNT-A in PSS and clinical and instrumental 
evaluations suggest that this could be an effective and 
safe treatment in selected patients affected by severe 
PSS.

Further research should focus on the potential role of 
high doses of BoNT-A in improving the functional out-
come of the affected patients.
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1  Introduction

Post-stroke spasticity (PSS) occurs in approximately 30% 
of stroke survivors; it has a negative impact on activities 
of daily living (ADLs) and involves a significant burden on 
the caregivers of these patients [1–3]. Spasticity can vary 
from a subtle neurological sign to a high increase in tone, 
causing joint immobility, and its management requires a 
balanced approach.

Botulinum toxin type A (BoNT-A) is an effective, safe, 
and reversible treatment for focal spasticity in stroke sur-
vivors [4], and it has been approved by the US Food and 
Drug Administration (FDA) and European regulatory 
agencies for this indication. However, at the present time, 
there is no consensus on the maximum dose of BoNT-A 
in terms of safety and clinical interchangeability among 
the three commercially approved products: onabotulinum-
toxinA (Botox®, Allergan, Inc., Irvine, CA, USA), abo-
botulinumtoxinA (Dysport®, Ipsen, Paris, France), and 
incobotulinumtoxinA (Xeomin®, Merz Pharmaceuticals 
GmbH, Frankfurt, Germany).

In fact, currently approved doses indicate a maximum 
dose of 400 units (U) for onabotulinumtoxinA and inco-
botulinumtoxinA and 1500 U for abobotulinumtoxinA [5], 
whereas current guidelines suggest doses of up to 600 U 
of onabotulinumtoxinA or up to 1500 U of abobotulinum-
toxinA per session [6].

A recent survey suggested the necessity to reconsider 
the maximum dose administered per single treatment of 
BoNT-A in order to improve clinical outcomes of treated 
patients [7]. In fact, the use of high doses of BoNT-A is 
a common practice in the management of patients with 
PSS [8], although the most important adverse effect of 
BoNT-A might be systemic diffusion of the toxin, which 
is potentially related to its dose [9].

Therefore, in light of these considerations, the aim of 
this narrative review was to investigate the safety profile 
of high doses of BoNT-A in the rehabilitation treatment 
of PSS, focusing on both clinical and instrumental assess-
ment of systemic effects of BoNT-A.

2 � Literature Search

For this review, we considered clinical reports published 
from December 1989 to February 2018 that provided a 
description of higher doses of BoNT-A (at least 600 U 
of onabotulinumtoxinA and incobotulinumtoxinA and 
1800 U of abobotulinumtoxinA per injection visit) for 
treatment of PSS and which also considered the safety 
profile of the treatment. Searches were conducted in the 

Cochrane Central Register of Controlled Trials, Scopus, 
Web of Science, and PubMed databases using the terms 
“Botulinum Toxin” and “high doses” combined with 
“spasticity”, “stroke”, and “adverse effects”. Search fil-
ters were applied in order to include English language and 
human studies only. Subsequently, we carefully reviewed 
the references of selected studies in order to identify other 
potentially relevant studies.

At the end of the screening process, we obtained the 
13 studies included in this review (see Table 1 for further 
details).

3 � Botulinum Toxin Type A (BoNT‑A) 
and Post‑Stroke Spasticity (PSS)

PSS is velocity-dependent increased muscle tone with exag-
gerated tendon jerks subsequent to stroke, resulting from 
hyperexcitability of the stretch reflex [10]. Its prevalence 
ranges from 4% to 27% in the early time course (1–4 weeks 
post-stroke), 19–26.7% in the post-acute phase (1–3 months 
post-stroke), and 17–42.6% in the chronic phase (> 3 months 
post-stroke) [2]. In the upper limbs, the most frequently 
observed pattern is internal rotation and adduction of the 
shoulder combined with flexion of elbow, wrist, and fingers; 
the combination of adduction and extension of the knee with 
equinovarus foot is a typical manifestation in the lower limbs 
[11, 12].

BoNT-A is an enzyme acting in the cytosol of nerve end-
ings that cleaves synaptosomal-associated protein (SNAP)-
25, resulting in blocked acetylcholine release at neuromus-
cular junctions [13, 14].

Intramuscular injections of BoNT-A are currently con-
sidered the gold standard for treatment of PSS [4, 8, 15] and 
have been shown to be effective in reducing spastic hyperto-
nia, with reversibility and a low prevalence of complications 
[16, 17]. Therefore, BoNT-A, which reduces disability in 
patients affected by PSS, might improve patients’ participa-
tion in ADLs and health-related quality of life (HRQoL) 
[18–20].

To date, three preparations of BoNT-A are approved by 
the FDA: onabotulinumtoxinA and abobotulinumtoxinA 
are composed of active neurotoxin (150 kD) and non-toxic 
accessory proteins (NAPs), whereas incobotulinumtoxinA 
contains only the 150 kD neurotoxin [21].

It should be noted that the potency of BoNT-A depends 
on the quantity of active neurotoxin required to achieve the 
median lethal dose (LD50) [22, 23]. However, due to the lack 
of LD50 bioassay harmonization, units of BoNT formula-
tions are not easy to compare. Considering these aspects, 
physicians must consider that different preparations might 
show different therapeutic profiles.
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3.1 � Dose Equivalence

Each BoNT-A formulation contains different amounts of 
active 150 kD neurotoxin/NAPs, showing a different LD50: 
for this reason, it is mandatory to identify a conversion fac-
tor for different preparations [24, 25]; however, it must be 
pointed out that there are no validated conversion ratios, 
and regulatory authorities’ labels clearly state that units of 
each BoNT-A product are specific and not interchangeable.

IncobotulinumtoxinA showed a similar clinical efficacy 
and adverse event profile as onabotulinumtoxinA with a clin-
ical conversion ratio of 1:1 or 1:1.2 [26–32]. On the other 
hand, the conversion ratio between onabotulinumtoxinA 
(or incobotulinumtoxinA) and abobotulinumtoxinA is still 
under discussion, and ranges from 1:1 [33] to as high as 1:11 
[34]. However, a conversion ratio for onabotulinumtoxinA/
abobotulinumtoxinA of 1:3 or lower has been observed 
both in preclinical and clinical settings, suggesting that it 
is appropriate for treating spasticity [35–39]. Moreover, a 
higher conversion ratio could lead to an abobotulinumtoxinA 
overdosing or, conversely, underdosing when switching from 
abobotulinumtoxinA to onabotulinumtoxinA [40–43].

3.2 � BoNT‑A and Systemic Diffusion

After administration, BoNT-A remains mainly localized at 
the injection site, and it is of note that this aspect is probably 
related to its safety profile [44]. However, spread to contigu-
ous areas could increase the risk of adverse effects and, even 
if uncommon, distant spread can also occur; this phenom-
enon might cause unintended neuromuscular blockade away 
from the local injection site with clinical symptoms such 
as generalized weakness [45] and flu-like syndrome [46]. 
With regard to this issue, no clear differences were reported 
among the various BoNT-A preparations [32]. In addition, 
several factors other than the pharmaceutical preparation 
could affect the local and distal spread of BoNT-A, such as 
dose, dilution, injection technique, target site, location of 
injection within the muscle belly, depth of injection, level of 
muscle hyperactivity, and post-injection rehabilitation treat-
ment [8, 47–49].

4 � BoNT‑A Doses, Spread, and Adverse 
Events in PSS Treatment

As reported earlier, BoNT-A injection is the gold standard 
therapy for focal PSS, showing a low prevalence of compli-
cations and reversibility [17].

In recent years, use of doses higher than those currently 
approved (maximum dose of 400 U for onabotulinumtoxinA 
and incobotulinumtoxinA and 1500 U for abobotulinumtox-
inA [5]) has been reported for treatment of patients affected 

by severe, multilevel PSS [50]. On the other hand, many 
clinicians hypothesized that higher doses of BoNT-A may 
cause generalized, adverse effects [51–55]. In particular, 
Lange et al. hypothesized a possible relationship between 
the BoNT-A dose and systemic effects, although this was 
not observed in their study [9].

In light of these considerations, the assessment of patients 
treated with high doses of BoNT-A should include a system-
atic evaluation of the presence of undesired, adverse events; 
moreover, in association with clinical assessment, a non-
invasive, instrumental evaluation should also be considered 
in order to detect subclinical diffusion of BoNT-A.

4.1 � Clinical Assessment

In 1995, Hesse et al. [51] published one of the first stud-
ies focused on high doses of BoNT-A. All patients in the 
group treated with 2000 U of abobotulinumtoxinA (n = 5) 
completed the study; 4 weeks after injection they reported a 
reduction in muscle tone and improved gait velocity, stride 
length, stance, and swing symmetry. In a randomized, dou-
ble-blind, dose-ranging study, Mancini and colleagues [52] 
treated 45 patients with three different doses of onabotuli-
numtoxinA. All groups showed significant improvements 
after treatment: Group II (mean BoNT-A total dose: 322 U) 
and Group III (mean dose: 540 U) showed a greater and 
more prolonged response than Group I (mean dose: 167 U).

In 2009, Varghese-Kroll and Elovic [53] reported the first 
known case of repeated, contralateral weakness and fatigue 
after high-dose BoNT-A injection. A 53-year-old woman 
developed contralateral weakness and fatigue, without auto-
nomic symptoms, 2 weeks after receiving an injection of 
800 U of onabotulinumtoxinA for management of PSS, and 
she reported resolution 4 weeks later. Interestingly, three 
previous injections of onabotulinumtoxinA 700, 500, and 
600 U, spaced 3 months apart, were well-tolerated.

In 2012, Thomas and Simpson [54] also described con-
tralateral weakness following repetitive onabotulinumtoxinA 
administrations in two patients affected by PSS. In the first 
case report, a 43-year-old woman treated for more than 
1 year with 575–700 U of onabotulinumtoxinA into the upper 
and lower limb muscles without adverse effects developed 
contralateral weakness after a re-injection of a total dose 
of 700 U. In the second case report, a 21-year-old woman 
with post-stroke spasticity and dystonia reported weakness 
of her non-treated right arm starting within days after the 
last injection of a new BoNT-A treatment with a total dose of 
700 U of onabotulinumtoxinA; interestingly, during previous 
injection visits she did not report any adverse effects with 
doses ranging from 550 to 700 U into the proximal upper 
limb muscles. However, she described the same symptoms 
after the injection of 600 U, whereas no adverse effects were 
described with 500 U of onabotulinumtoxinA administrated 
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in upper limb distal muscles. The authors hypothesized the 
development of contralateral limb weakness as a conse-
quence of the diffusion of BoNT-A through tissue planes 
from proximal upper extremity muscles, across the midline, 
to contralateral muscles. They also posited that the risk of 
systemic effects is related to the total injection dose and 
injection frequency of BoNT-A.

In recent years, the effects of higher BoNT-A doses in 
PSS have been widely investigated [4, 6, 7]. In an interest-
ing report on a recent survey conducted by Bensmail et al. 
[55], it was estimated that 24.6% of the patients in their 
study could benefit from higher doses than those permitted 
by current directives in the countries studied.

As a consequence of these considerations, several recent 
papers have focused on this issue in order to clarify the pos-
sible clinical implications of higher doses of BoNT-A.

In a prospective, non-randomized, open-label study, San-
tamato and colleagues [56] described the safety and efficacy 
of higher doses (ranging from 750 to 840 U) of incobotuli-
numtoxinA in 25 subjects with upper- and lower-limb PSS. 
Patients were treated in several muscles of the upper and 
lower limbs under ultrasound guidance, reporting a substan-
tial improvement in functional disability, spasticity-related 
pain, and muscle tone after 30 days of follow-up.

Intiso and colleagues [57] reported the effectiveness of 
high doses of incobotulinumtoxinA (up to 840 U) in 14 
hemiparetic patients with spasticity of the upper and lower 
limbs due to brain injury or cerebral palsy. The authors 
observed a significant reduction in muscle tone and pain, 
even if global function was unchanged. Adverse events were 
reported in three subjects: two patients showed local hema-
toma at the injection site, and one subject showed weak-
ness and reduction of active motility in the injected arm for 
2 weeks.

Recently, Dressler et al. [18] demonstrated that high doses 
of incobotulinumtoxinA (minimum 400 U and maximum 
1200 U) injected into 54 patients suffering from spasticity of 
several etiologies, including stroke, did not cause any gener-
alized effects that could be related to BoNT administration.

In a retrospective analysis, Baricich et al. [8] evaluated 
the efficacy and safety of high doses of onabotulinumtoxinA 
(from 600 to 800 U) in 26 patients affected by upper- and/
or lower-limb PSS; they were assessed before treatment and 
at 30 and 90 days after treatment. The authors observed a 
significant muscle tone reduction and functional improve-
ment, with no adverse events reported.

In 2017, Wissel and colleagues [58] evaluated the safety 
and efficacy of increasing doses (400 U up to 800 U) of 
incobotulinumtoxinA for patients with limb spasticity. 
They received three consecutive injection cycles with 400, 
600, and 800 U of incobotulinumtoxinA, each followed 
by observation at 12–16 weeks. The authors concluded 
that escalating incobotulinumtoxinA doses (400 U up to 

800 U) increased treatment efficacy but did not compro-
mise safety or tolerability.

However, the available evidence mainly referred to a 
single set of injections evaluating the efficacy and safety 
of BoNT-A. Interestingly, in a recent prospective, non-
randomized, open-label study, Santamato et al. [59] ana-
lyzed the long-term safety of repeated higher doses (up 
to 840 U) of incobotulinumtoxinA in 20 stroke survivors 
affected by post-stroke upper- and lower-limb spasticity. In 
a 2-year follow-up, a total of eight sets of BoNT-A injec-
tion appeared to be safe, with no general adverse effects 
reported.

4.2 � Instrumental Assessment

As previously stated, various studies have investigated the 
remote effects of systemic spread of BoNT-A, using several 
methods [44–60].

In 1993, Garner et al. [61] analyzed eight patients treated 
with BoNT-A for focal dystonias in the head/neck region 
with repeated single-fiber electromyography (EMG) in the 
extensor digitorum brevis muscle, detecting an increase of 
jitter and blocking in six of those patients. In addition, quan-
titative EMG was proposed in order to detect the remote 
effects of BoNT. Erdal and colleagues [62] analyzed 27 
patients affected by cervical dystonia after repeated, uni-
lateral BoNT-A injections in the sternocleidomastoid mus-
cle. By measuring quantitative EMG at rest and at maximal 
contraction, the authors demonstrated no cumulative effect 
provoked by repeated BoNT injections.

Interestingly, since a frequent target of BoNT-A during 
botulism is the autonomic nervous system, several research-
ers have investigated autonomic function in patients with 
cervical dystonia receiving BoNT-A, showing controversial 
evidence about the development of signs of subclinical dif-
fusion [63].

In particular, heart rate variability (HRV), a simple and 
non-invasive electrocardiographic (ECG)-derived measure, 
can provide detailed information about the control exerted 
by the autonomic nervous system on cardiovascular activi-
ties [64–68]. HRV has been categorized into high frequency 
(HF), equivalent to the respiratory sinus arrhythmia, low fre-
quency (LF), jointly contributed by both vagal and sympa-
thetic, and very low frequency (VLF) power ranges accord-
ing to its frequency [69].

In the previously published literature, there are few works 
investigating HRV modifications after BoNT-A injection; 
these studies have contrasting results, and all of them 
describe HRV modification in patients affected by cervical 
dystonia [70–74]. However, it must be pointed out that in 
cervical dystonia the BoNT-A doses are largely inferior to 
those utilized in spasticity.
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In recent years, the possible effect of high doses of BoNT-
A on the autonomic nervous system has also been deeply 
investigated in PSS patients.

In a case-control study, Invernizzi et al. [75] evaluated 
the changes in autonomic heart drive induced by high doses 
(higher than 600 U) of incobotulinumtoxinA injection in 
patients affected by PSS. Each patient underwent an ECG 
recording before injection and 10 days after treatment, and 
none of the variables considered showed statistically sig-
nificant changes.

More recently, in order to confirm these results, Baricich 
et al. [76] evaluated the changes in HRV induced by high 
doses (> 600  U) of incobotulinumtoxinA or onabotuli-
numtoxinA, recruiting patients affected by PSS in a sin-
gle-blind, randomized controlled crossover study [76]. 
In the initial part of the study, patients in the first group 
were injected with incobotulinumtoxinA while patients in 
the second group were injected with onabotulinumtoxinA; 
after 6 months, a crossover intervention was performed. All 
patients were blinded to BoNT-A type, and an ECG registra-
tion was performed in the 24 h before and 10 days after the 
treatment injection, both in the first and in the second part 
of the study. HRV analysis showed no significant changes 
after each BoNT-A injection in either group at any evalua-
tion time.

5 � Discussion

Current evidence in the published literature suggests that 
higher doses of BoNT-A are effective in reducing spastic-
ity of the upper and lower limbs after stroke, with only rare 
occurrences of mild adverse effects. However, even if sys-
temic BoNT-A toxicity is a rare event, this is still the most 
vigorous concern against application of increased BoNT-A 
doses.

In addition, as previously affirmed, cumulative data sug-
gest that high doses (> 600 U) of incobotulinumtoxinA and 
onabotulinumtoxinA do not influence the cardiovascular 
activity of the autonomic nervous system in chronic hemi-
plegic spastic stroke survivors. Furthermore, it must be 
pointed out that generalized weakness can also occur with 
recommended doses of BoNT-A [51, 77].

A possible explanation is that local and systemic diffu-
sion of BoNT could depend on several factors such as injec-
tion technique, volume, dilution, needle size, hematogenous 
transport, and other physical factors [78]. Current guidelines 
regarding dosing of BoNT-A in adults recommend a maxi-
mum of 1 mL per site, except in specific situations [79]. It 
has been hypothesized that higher BoNT-A doses or volumes 
might saturate local cholinergic nerve terminals, allowing 
unbound BoNT-A to spread to the bloodstream or to the 
structures adjacent to the target muscles [54].

On the other hand, it should be pointed out that, despite 
the observed reduction of muscle tone, there is limited 
evidence that treating patients with higher BoNT-A doses 
in the upper and lower limbs is related to a significant 
functional improvement, although this might be related to 
several other possibilities.

First of all, it is well-known that in severe spasticity, 
a meaningful improvement in active performance might 
be difficult to obtain even with BoNT-A treatment. Con-
versely, high doses should be considered in several neuro-
logical conditions in order to obtain a reduction of muscle 
tone with significant improvement in hygiene, gait, and 
balance [80, 81].

In addition, it should be pointed out that the impact of 
spasticity treatment on well-being and life satisfaction may 
not be clearly detected by quantitative score results, and 
may only be demonstrated by patient-reported outcome 
measures [82–86]. In fact, it should be considered that PSS 
also has an afferent, sensory component, which might be 
related to some differences in the sensations described by 
patients [85, 87].

In a recent study, for example, Turner-Stokes and col-
leagues [88] reported a significant effect on goal attainment 
for the real-life management of upper-limb spasticity follow-
ing stroke in both patients treated with currently approved 
doses and those treated with high doses of BoNT-A (e.g., 
abobotulinumtoxinA dose range 40–1900 U; incobotuli-
numtoxinA dose range 100–600 U). Interestingly, this study 
confirmed the feasibility of using the Goal Attainment Scale 
in order to capture person-centered outcomes relating to pas-
sive and active functions and pain.

Finally, another critical issue that should be investigated 
is the possible impact of higher doses on inter-injection 
intervals: in fact, if demonstrated, a reduction in the number 
of sessions per year for each patient could have a possible 
beneficial impact on health and social costs.

Future studies focusing on the clinical effect of higher 
doses of BoNT-A should consider these critical aspects.

6 � Conclusions

Current evidence suggests that the use of doses of BoNT-A 
higher than those reported in product labels might be con-
sidered a safe therapeutic option to reduce multifocal or gen-
eralized PSS in selected patients.

However, it must be pointed out that clinicians have to 
carefully define the clinical goal before starting BoNT-A 
treatment. Further evidence is mandatory to confirm our 
findings and the potential role of higher doses of BoNT-A in 
order to improve the functional outcome of patients affected 
by PSS should be noted.
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