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 Introduction 

 Botulinum toxins are among the most toxic poisons 
known to humans, with a lethal dose of approximately 1 
ng per kilogram body weight. There are seven serologi-
cally distinct botulinum toxins. Botulinum toxin A is the 
most potent serotype, with a toxicity one million-fold 
higher than cobra toxin and far higher than cyanide  [1] .

  The therapeutic use of botulinum toxin was introduced 
about two centuries ago, when Justinus Andreas Christian 
Kerner recognized the effect of botulinum toxin on skel-
etal muscles and the parasympathetic function. Nowa-
days, the indications of botulinum toxin are constantly 
expanding. In 1979, botulinum toxin was approved for the 
treatment of strabismus, while, almost two decades ago, 
the therapeutic use of botulinum toxin for the treatment 
of hemifacial spasm, strabismus, and blepharospasm was 
introduced in clinical practice. The National Institutes of 
Health Consensus Conference in 1990 included botuli-
num toxin as safe and effective therapy for the treatment 
of adductor spasmodic dysphonia, oromandibular dysto-
nia, and cervical dystonia. In the meantime, botulinum 
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shock. In conclusion, botulinum toxin may cause serious ad-
verse events, which are more common after its therapeutic 
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toxin was approved for the treatment of achalasia and pri-
mary axillary hyperhidrosis. Furthermore, since the ap-
proval of botulinum toxin type A for glabellar frown lines 
by the US Food and Drug Administration (FDA) in 2002, 
injections of botulinum toxin type A have become the 
most common cosmetic procedure. The treatment of fa-
cial lines other than glabellar wrinkles is considered an 
off-label use. Other off-label uses of botulinum toxin in-
clude Meige’s syndrome, sphincter dysfunction, and mi-
graine headaches, as well as tremor disorders, juvenile ce-
rebral palsy, and other spasticity disorders  [2] .

  Although botulinum toxin is generally considered 
safe, its widespread use and the constantly expanded in-
dications raise safety issues. This paper aimed to review 
the serious and long-term adverse events of the therapeu-
tic and cosmetic use of botulinum toxin.

  Pharmacovigilance 

 Most data come from spontaneous reporting systems, 
retrospective studies, and case reports. In February 2008 
and April 2009, the FDA published an early communica-
tion regarding botulinum toxin type A and botulinum 
toxin type B, informing physicians that these drugs have 
been associated with systemic adverse reactions including 
respiratory compromise and death resembling those seen 
with botulism, in which botulinum toxin spreads to the 
body beyond the injection site  [3] . In 2005, the FDA 
raised safety issues of botulinum toxin in a published 
analysis of adverse events covering the period from 1989 
to 2003  [4] . According to that publication, there were 407 
adverse event reports related to the therapeutic use of bot-
ulinum toxin (median dose of 100 units), 217 of which 
met the FDA’s definition of serious adverse events. It 
should be emphasized that in the majority of these pa-
tients, significant comorbidities could have contributed 
to the fatal outcome. There were also 36 reports related to 
the cosmetic use, with the majority concerning dyspha-
gia. Thirty of them were characterized as possible compli-
cations of botulinum toxin, while the other 6 did not dis-
play a pattern, suggesting a causal relationship between 
the adverse event and botulinum toxin type A.

  In 2008, the National Consumer Advisory Group ana-
lyzed FDA data that included 658 adverse events, of which 
180 were aspiration, dysphagia or pneumonia. There 
were 16 deaths, 4 of which occurred in children under the 
age of 18  [5] .

  The Danish Medicines Agency has received 9 reports 
of serious adverse events related to the therapeutic use of 

botulinum toxin, including dyspnea with speech and eat-
ing disturbance, general muscle weakness (3 cases), mus-
cle atrophy, spasms and neck pain, significant loss of 
strength in the arms/hands with hand drop, muscle weak-
ness in the arms, and weakening of respiratory muscles 
necessitating respiratory treatment. The therapeutic indi-
cations in the above cases were overactive bladder (2 cas-
es), dystonia of the shoulder muscles, cervical dystonia (2 
cases), urinary incontinence, neurological bladder, and 
undisclosed (3 cases)  [6] .

  The serious adverse events identified in case reports 
varied from idiosyncratic adverse reactions like anaphy-
lactic shock to dose-dependent adverse reactions like cer-
vical kyphosis and botulism  [7–38] . They were attributed 
to various types and preparations of botulinum toxin. 
However, in most cases, a causality with botulinum toxin 
was not established. Serious adverse events related to the 
cosmetic use of botulinum toxin include thyroid eye dis-
ease in a patient with Graves hyperthyroidism, sarcoidal 
granuloma, pseudoaneurysm of the frontal branch of the 
superior temporal artery, and severe respiratory failure 
 [8–11] . In addition, botulism-like generalized weakness 
has been reported in a patient treated for axillary and pal-
mar hyperhidrosis  [12] . Serious adverse events related to 
the therapeutic use of botulinum toxin include severe ve-
lopharyngeal insufficiency, brachial plexopathy, remote 
muscle weakness, botulism-like generalized muscle weak-
ness, necrotizing fasciitis, crisis of myasthenia, general-
ized paralysis, marked bilateral blepharoptosis, impair-
ment of speech and chewing, Guillain-Barré syndrome, 
severe dysphagia, iatrogenic botulism, generalized skin 
rash, aspiration pneumonia, unilateral facial madarosis 
and alopecia, and palatal palsy  [13–38] . It is interesting 
that one of the patients presented with generalized weak-
ness 5 years after continued use of botulinum toxin  [19] . 
Furthermore, death due to anaphylactic shock has been 
reported in a patient treated with a botulinum toxin-lido-
caine mixture for chronic neck and back pain, cervical 
kyphosis in a patient treated for chronic cervical pain, and 
Fournier gangrene in a diabetic patient treated for anal 
fissure  [36–38] .

  Epidemiological Studies 
 A limited number of epidemiological studies have 

been published. The first one investigated the effect of 
distant diffusion of botulinum toxin in a cohort of 187 
patients that received 266 botulinum toxin injections for 
spasticity treatment. Patients were followed up for 1 
month after the injection. Five patients presented with 
adverse events attributed to systematic diffusion of botu-
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linum toxin A. Two of these adverse events were severe, 
since the patients complained of diffuse muscle weaken-
ing with inability to walk. One of them was hospitalized 
for a prolonged time  [39] .

  The other epidemiological study reported symptoms 
of mild systemic botulism (fatigue, ptosis, diplopia, and 
dysarthria) in a 13-year-old child suffering from cerebral 
palsy, who received 23 U/kg of Botox into the lower ex-
tremity musculature. She had no dysphagia or respiratory 
compromise, and the symptoms resolved within 6 weeks 
 [40] . In a retrospective study of 758 patients suffering 
from cerebral palsy treated with Dysport, the authors re-
ported 2 cases of mild ptosis and 6 cases of generalized 
weakness  [41] .

  Few data on the long-term adverse events of botuli-
num toxin were identified. Most of them concern the 
therapeutic use of botulinum toxin. Long-term safety 
data indicate that toxic effects of botulinum toxin can ap-
pear at the 10th or 11th injection, after prior uncompli-
cated injections. The longest follow-up study of 45 pa-
tients continuously treated with botulinum toxin for 12 
years identified 20 adverse events in 16 patients including 
dysphagia, ptosis, neck weakness, nausea/vomiting, 
blurred vision, marked weakness, chewing difficulties, 
hoarseness, edema, dysarthria, palpitations, and general 
weakness  [42] .

  Kessler et al.  [43]  analyzed data from 303 cervical dys-
tonia patients who received at least 6 botulinum toxin in-
jections within a period of at least 2 years. According to 
the authors, only 25% of the patients did not experience 
any side effects during the course of the treatment. The 
most frequent adverse event was dysphagia, which oc-
curred on average 9.7 days after the injection and lasted 
on average 3.5 weeks. Dysphagia was severe in 24 pa-
tients, but hospitalization or insertion of a nasogastric 
tube was not necessary  [43] .

  Resistance to botulinum toxin due to the development 
of antibodies to the toxin has also been reported as long-
term adverse event of the therapeutic use of botulinum 
toxin. According to a case report, one patient experienced 
madarosis and facial alopecia after 18 months of treat-
ment with botulinum toxin for oromandibular dystonia 
 [28] . No data were identified for adverse events appearing 
a long time after cessation of exposure to the drug.

  Concerning repeated injections of botulinum toxin for 
cosmetic use, data were quite scarce. A retrospective 
study of 4,103 injections for the treatment of lines of the 
upper face for 943 patients was identified. The patients 
received a minimum of 3 consecutive documented treat-
ment cycles. The authors concluded that there was no ev-

idence of cumulative adverse events. On the contrary, the 
event rate decreased in later treatment cycles  [44] . In a 
case report of a patient who regularly received botulinum 
toxin type A for frontal and glabellar lines for a period of 
13 years, no adverse events were reported  [45] .

  Discussion 

 Botulinum neurotoxins represent some of the most 
toxic naturally occurring substances. Their mechanism of 
action is based on the inhibition of acetylcholine release 
at the neuromuscular junction of striated muscles, thus 
resulting in chemical denervation and muscle paralysis. 
Given that the indications of botulinum toxin are con-
stantly expanding, knowledge of the serious adverse 
events and long-term safety of botulinum toxin is imper-
ative.

  Although randomized controlled trials could contrib-
ute data on the safety of botulinum toxin, they actually do 
not report serious or long-term adverse events of botuli-
num toxin. Most serious adverse events of botulinum tox-
in come from spontaneous reporting systems and case 
reports  [46, 47] . However, spontaneous reporting sys-
tems cannot be used to determine the incidence of ad-
verse events, as adverse events are underreported and nei-
ther patient exposure nor the amount of time the drug 
was in the market has been taken into consideration. Yet, 
an assessment of causality is difficult in the context of 
spontaneous reporting systems. However, case series and 
case reports are a cornerstone of drug safety research  [48] . 
Moreover, statistical modelling suggests that more than 
1–3 spontaneously reported cases of rare adverse events 
are very unlikely to be coincidental  [49] . Yet, it is difficult 
to estimate the incidence of serious adverse events due
to significant underreporting worldwide. Furthermore, 
there are no studies of the prevalence of the use of botu-
linum toxin. However, statistical data from the American 
Society for Aesthetic and Plastic Surgery indicate that 
2,557,068 procedures were performed in 2009  [50] .

  Pharmacovigilance data and case reports imply that 
botulinum toxin may be associated with serious adverse 
events such as botulism, generalized paralysis, dysphagia, 
respiratory depression, and even death. These adverse 
events are attributed either to the mode of action of botu-
linum toxin, i.e. muscle paralysis of the wrong muscle, or 
to the chemical structure of the drug (protein) resulting 
in hypersensitivity reactions. Serious adverse events may 
be dose dependent and attributed to local diffusion of 
botulinum toxin in adjacent areas, such as neck extensor 
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myopathy and dysphagia  [51] . Indeed, diffusion of botu-
linum toxin in the injected muscle and adjacent muscles 
has been well documented  [52] , even if these muscles are 
separated by fasciae. Diffusion of botulinum toxin to con-
tralateral muscles has also been reported. Animal studies 
have shown that botulinum toxin can spread to a distance 
of 30–45 mm from the injection site. However, general-
ized diffusion of botulinum toxin is possible especially 
after long-term therapeutic or cosmetic use. The effects 
of generalized diffusion are not well studied. The mecha-
nism responsible for the generalized diffusion of botuli-
num toxin is not known. Proposed hypotheses concern 
either a systemic spread or a retrograde axonal spread of 
toxin. Systemic toxin spread can lead to adverse events 
suggesting botulism, including muscle weakness or pa-
ralysis, dysarthria, dysphonia, dysphagia, and respiratory 
arrest. These adverse events may be fatal if left untreated. 
Additionally, experimental studies in rodents have shown 
that botulinum toxin receptors exist in the central ner-
vous system and a small amount of botulinum toxin 
crosses the blood-brain barrier  [53] . This raises the pos-
sibility that botulinum toxin is transported retrogradely, 
similar to tetanus toxin, and may cause centrally medi-
ated side effects.

  An interesting issue is how we could avoid the adverse 
events of botulinum toxin. First of all, physicians admin-
istering botulinum toxin should be familiar with the anat-
omy of the muscles involved and with any alterations to 
the anatomy due to prior surgical procedures. Proper 
storage of the product, selection of the correct dose, and 
proper reconstitution and administration techniques 
should be applied. Several warnings should be taken into 
account. Patients with diseases of the neuromuscular 
junction such as myasthenia gravis and Lambert-Eaton 
syndrome are particularly susceptible to adverse events of 
botulinum toxin. Patients with anterior horn disorders 
are also reported to have a hypersensitivity to botulinum 
toxin. In general, botulinum toxin is contraindicated in 
patients with a known hypersensitivity to the compo-
nents of the formulation or with disorders of the neuro-
muscular junction, in coadministration with aminogly-
coside antibiotics or streptomycin, when there is a bleed-
ing disorder or anticoagulant therapy, and during 
pregnancy. Yet, it is recommended that patients with sus-
pected latent subclinical neuromuscular junction disor-
der should be systemically tested prior to botulinum tox-
in administration and then be treated with caution even 
if botulinum toxin is to be used in small doses.

  Further research is needed on the proper dosage of 
botulinum toxin. For example, although the maximum 

dose per treatment session for glabellar lines is 20 U for 
all sessions combined, the upper dosing limit for the ther-
apeutic use of botulinum toxin has not been specified. 
Studies in adults suggest that 3 U of Dysport is equivalent 
to 1 U of Botox. There are no data to provide dosing guid-
ance for the botulinum toxin B formulation Myobloc. In 
general, there is a great variation in the total doses of bot-
ulinum toxin administered across studies, as well as in the 
dilution, the number of muscles injected, and whether 
dosing should be based on fat-free mass or on body 
weight.

  Conclusion 

 Adverse events are more common after the therapeu-
tic use of botulinum toxin, but can also be noticed after 
its cosmetic use. There are not enough data on the long-
term safety of this drug, especially when used for cosmet-
ic reasons. Thorough knowledge of the anatomy of the 
treated muscles and of the pharmacology of the drug is 
imperative to avoid serious adverse events.
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