
Background: Botulinum chemodenervation has been increasingly used for treating condi-
tions characterized by muscular pain and dystonia. Complication rates commonly exceed 10 
percent in published accounts due to an inadvertent spread of toxin. Various techniques of 
precision targeting have been described to minimize undesirable toxin effects. The present 
study reports on a clinical experience combining ultrasonography and electromyography in 
order to demonstrate how favorably this approach compares to previously described tech-
niques in terms of minimizing complications while maintaining efficacy. 

Design: Retrospective case series

Methods: The present study is a retrospective clinical analysis of patients treated with 
botulinum toxin using 2 different combined targeting techniques; one using ultrasonogra-
phy and electromyography and the other using fluoroscopy and electromyography. 

Results: Combined ultrasonography and electromyography was used in 77 of 245 pro-
cedures; in 168 procedures, fluoroscopy and electromyography was used. There were 
no complications with ultrasonography guided procedures; the complication rate for 
combined fluoroscopy and electromyography was 1.8 percent (3/168; Fisher exact p = 
0.3206). For combined ultrasonography and electromyography, after 70 out of 77 pro-
cedures (91%) there was a good outcome compared to 136 out of 168 (81%) after pro-
cedures utilizing a combination of fluoroscopy and electromyography (Fisher exact p= 
0.331). 

Conclusions: There was no significant difference in complication rate or successful out-
comes comparing the 2 forms of imaging guidance when targeting muscles for botulinum 
injection. Since outcomes are comparable, other factors such as cost and radiation expo-
sure may be considered in choosing which imaging modality to use. 
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The diagnosis and treatment of Thoracic 
Outlet Syndrome remains a controversial 
subject. Nevertheless, patients present in pain 

medicine practices with cervical brachial pain and no 
convincing evidence of cervical radiculopathy, ulnar 
neuropathy, or Carpal Tunnel Syndrome. For those 
patients with cervical brachial pain who fail to improve 
with physical therapy and ergonomic adjustments, 
offering a minimally invasive treatment option would, 
hopefully, avoid the drawbacks associated with the 
polar extremes of the interventional axis, from doing 
nothing to performing invasive surgery. The present 
paper was designed to outline the evolution of 
minimally invasive techniques for the application of 
botulinum chemodenervation that have been utilized 
in a referral practice that specializes in treating 
Thoracic Outlet Syndrome.

In recent years, botulinum toxin injections have 
been used for treating conditions characterized by 
muscle pain and dystonia (1-15). When botulinum 
toxin is injected into certain regions, targeting proce-
dures using only surface landmarks may be sufficiently 
accurate and safe. However, for deeper targets with 
subjacent non-boney endpoints, where vulnerable soft 
tissue structures reside, and in regions where the inad-
vertent spread of toxin may pose increased risk, com-
plementary targeting technologies have been used to 
improve accuracy and safety including electromyogra-
phy, fluoroscopy and ultrasonography (13,15-20). For 
botulinum chemodenervation in patients with Tho-
racic Outlet Syndrome and in other patients requiring 
the targeting of cervical muscles, specific risks include 
inadvertent chemodenervation of subjacent swallow-
ing muscles with resultant dysphagia and excessive 
weakening of adjacent neck and shoulder muscles 
with undesirable consequences for posture and move-
ment. More uncommon complications would include 
dysphonia, pneumothorax, vascular penetration with 
resultant hematoma, and brachial plexus injury. Pub-
lished accounts of side effects such as dysphagia has 
varied from as low as 7 percent to over 30 percent 
(1-11, 16). 

Although some of the side effects such as dyspha-
gia may result from diffusion across tissue planes or 
from the systemic effects of toxin, inadvertent direct 
injection or bulk flow of toxin within tissue planes 
are additional mechanisms causing excessive toxin to 
reach undesired targets. Furthermore, precise target-
ing at the sites of toxin action closer to the innervation 
zones of muscle rather than in muscle tendon or distal 

muscle locations is likely to allow the use of very low 
doses, further reducing the chances of significant dif-
fusion to subjacent tissues. The present study reports 
on a clinical experience using a technique that was 
designed to address the above considerations by com-
bining electromyography with either ultrasonography 
or fluoroscopy, used within the controlled conditions 
of an outpatient surgical center. The clinical protocol 
was designed to minimize complications without sac-
rificing efficacy by using a precise targeting technique 
and minimal doses of botulinum toxin type A (Botox). 

In recent years, the availability of portable ultra-
sound devices with unobtrusive probes has facilitated 
the application of ultrasound technology for guidance 
in injection procedures in and around the brachial 
plexus (21,22). Based on these previously published 
applications of ultrasonography, it was expected, in 
the present study, that an ultrasound based protocol 
would compare favorably to a fluoroscopically based 
approach that had been the subject of a previously 
reported experience. It was also expected that, after 
demonstrating the equivalency of outcomes with the 
two different imaging techniques, fluoroscopy could 
be replaced by ultrasonography in order to reduce 
costs and potential radiation exposure hazards.

Methods

All patients had cervical brachial pain and limb 
paresthesias worsened with overhead arm exercise. 
Subjects demonstrated temporary relief of symptoms 
with a selective block of the innervation to scalenes, 
pectorals, and subclavius muscles (15,23). Cervical MRI 
scans, electromyography, and nerve conduction stud-
ies were used to exclude cases of cervical radiculopathy 
or other peripheral nerve compression syndromes. 
Patients were given the diagnosis of Thoracic Outlet 
Syndrome based on the above clinical findings. All of 
these patients had evidence of excessive muscle activ-
ity resulting in tight, tender muscles, cervical dystonia, 
and electromyographic evidence of excessive motor 
unit activity during attempted muscle relaxation in 
scalene, subclavius, or pectoralis minor muscles. All pa-
tients had failed a course of physical therapy including 
postural training, active stretching exercises and ergo-
nomic adjustments. All subjects had a stable clinical 
syndrome for at least 2 years.

Botulinum toxin type A (Botox) was used for all 
subjects. Informed consent was obtained in all pa-
tients including the use of a document that included 
detailed information about possible botulinum side 
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effects including dysphagia, dysphonia, pneumotho-
rax, and inadvertent muscle weakness. The study was 
reviewed by the institutional review board and was in 
compliance with applicable IRB regulations as well as 
HIPAA requirements. 

Patients were examined pre-operatively, at one 
month post-operatively, and 6 months post-opera-
tively; patients responded to a numerical pain scale on 
each occasion. A good outcome was noted if there was 
a 50 percent or greater reduction in numerical pain 
scores as well as a decrease in the use of analgesics and 
a self-reported improvement in tasks requiring repeti-
tive grasping, reaching and fingering. Self-reported 
improvements included specific examples which were 
individually meaningful such as the ability to blow 
dry or brush hair without help, the ability to type lon-
ger periods of time or the ability to carry groceries. 
A structured interview, using questions contained in 
a validated questionnaire, was administered to each 
patient post-operatively to detect possible dysphagia 
(24). Dysphonia or inadvertent muscle weakness was 
evaluated by interview and physical examination.

For the injection procedure, the patients were 
admitted to an outpatient surgical facility, an intra-
venous line was started, and patients were given light 
sedation with small doses of midazolam and fentanyl, 
if necessary, to maintain a fully awake, relaxed, and 
cooperative state. The patients were placed supine on 
a surgical table with the entire body tilted head up 
30 degrees and the body was supported on a wedge 
to raise the targeted side. The head was stabilized 
with towel rolls and, if necessary to reduce movement 
in a particularly restless patient, 2-inch silk tape was 
used for head fixation. The targeted shoulder was de-
pressed and stabilized by a surgical technician. Sterile 
technique was used throughout but the face was kept 
partially uncovered by the drapes to lessen any claus-
trophobic reactions. 

In the earlier group of patients, fluoroscopic tar-
geting was performed with routine C-arm equipment 
and final placement was confirmed with injection of ½ 
cc of iodinated contrast media (Isovue 200). After No-
vember 2003, fluoroscopy was replaced with intraop-
erative ultrasound using a 7.5 megahertz ultrasound 
probe attached to a portable ultrasound device. Be-
fore injection, a preliminary ultrasound examination 
was performed to look for evidence of subclavian 
artery aneurism, subclavian vein clot, positional com-
pression of the subclavian artery, abnormal blebs of 

the lung, anomalous positions of the vertebral artery 
or other vessels, or anomalous positions and sizes of 
the scalene muscles and their location with respect to 
the brachial plexus. 

After initial imaging and using sterile technique, 
a standard 25 gauge Teflon coated needle, modified 
by curving the tip, was advanced under imaging guid-
ance to the muscle targets with simultaneous electro-
myographic monitoring. Prior to November 2001, the 
anterior scalene and middle scalene muscles were tar-
geted with this technique. After November 2001, ad-
ditional targets were added, including the subclavius 
and pectoralis minor muscles. 

To minimize radiation exposure, fluoroscopic 
guidance was performed with repeated brief pulses so 
that total fluoroscopic times were kept below 15 sec-
onds in all cases. For ultrasound guidance, there was 
continuous imaging until the needle tip was seen en-
tering the mid belly of each muscle. The needle tip was 
kept in view at all times; small rotatory movements of 
the needle allowed for constant relocalization of the 
tip as it was moved into deeper structures. With both 
imaging modalities, constant electromyography moni-
toring was performed with visual and auditory output; 
this allowed for instantaneous confirmation of muscu-
lar penetration and for detection of inadvertent tip 
movement during release of the downward pressure 
from the ultrasound probe, patient movement, con-
nection of syringes, and depression of syringe plung-
ers. Syringes were not connected to the needles during 
the initial targeting to avoid potential levering action 
of the attached syringe and to allow a floating action 
of the needle so that it would not become displaced 
easily with deep breaths, coughs, or hiccups or other 
patient movements. To avoid increased dead space, 
there was no interposed tubing between the needle 
hub and syringe.

For the anterior scalene muscle 12 units of Botox 
were injected, for the middle scalene muscle 12 to 15 
units were injected. Twenty-five units were injected 
into the subclavius and 35 units were injected into the 
pectoralis minor. All patients received an additional 
75 to 100 units into painful and dystonic neck and 
shoulder muscles including the trapezius and levator 
scapula; the latter sites were targeted with surface 
landmarks and 27-gauge needles. For both ultraso-
nography targeted procedures and fluoroscopy guid-
ed procedures, total operative times were kept to be-
low 20 minutes.
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Results

A total of 245 procedures were performed in 109 
patients. Seventy-three of the procedures, prior to No-
vember of 2001, included targeting of the anterior and 
middle scalene muscles but not into the subclavius and 
pectoralis minor muscles. Subsequently, all procedures 
included the pectoralis minor and subclavius muscles. 
In 168 procedures, guidance utilized combined fluoros-
copy and electromyography, whereas, after November 
of 2003, 77 procedures were targeted using combined 
ultrasonography and electromyography. All patients 
were analyzed in sequence without any drop outs. 
Although the different groups were derived from dif-
ferent time periods, the patients had been entered in 
sequence and there was no apparent difference in the 
treatment or evaluation of these patients according to 
the clinic routine. 

After combined ultrasonography and electromy-
ography there were no instances of dysphagia, unde-
sired muscle weakness, dysphonia, pneumothorax, or 
any other side effects that might be attributed to miss-
ing targeted muscles or to inadvertent diffusion of tox-
in. After 2 procedures with combined fluoroscopy and 
electromyography, patients experienced dysphagia 
lasting several weeks. After 1 fluoroscopically guided 
procedure, a patient developed undesired weakness 
of an underlying shoulder muscle. The complication 
rate was 1.2% for dysphagia and 0.6% for undesired 
muscle weakness with an overall complication rate of 
1.8%. Comparing outcomes after fluoroscopic guid-
ance with outcomes after ultrasonic guidance, there 
was no statistically significant difference in complica-
tion rates (Fisher exact p=0.3206). Although no system-
atic effort was made to document the development of 
paresthesias during needle placement with combined 
fluoroscopy and electromyography, the latter was not 
unusual in the experience of the authors. There were 
no instances of parethesias using ultrasonic guidance; 
the brachial plexus could be easily visualized in all cas-
es so that the nerve elements could be avoided during 
needle penetrations.

For combined ultrasonography and electromyog-
raphy, after 70 out of 77 procedures (91%), there was 
a good outcome as defined in the methods section 
compared to 136 out of 168 after procedures (81%) 
utilizing a combination of ultrasonography and elec-
tromyography (Fisher exact p= 0.331). Procedures with-
out targeting of the subclavius and pectoralis minor 
muscles had a good outcome in 50 out of 73 instances 
(68%) which was significantly less than the 156 out of 

172 (91%) with a good outcome when the subclavi-
us and pectoralis minor sites were added (one tailed 
Fisher exact p equals .0201). Overall, the duration of 
benefit was an average of 4.7 +/- 1.7 months.

Discussion

Compared to previously published accounts (15), 
the present study demonstrates that, in a controlled 
environment, targeting techniques combining imag-
ing guidance and electromyography can minimize 
complications while maintaining efficacy. The pres-
ent study also demonstrated that ultrasonography is 
comparable to a technique utilizing fluoroscopy in re-
ducing side effects due to inadvertent spread of botu-
linum toxin. These findings would suggest that ultra-
sonography may be considered as a replacement for 
fluoroscopy in performing selective muscle injections. 
Replacement of fluoroscopy may be considered desir-
able because of reduced radiation exposure to physi-
cian and patient. In addition, the relative cost of the 2 
modalities favors ultrasound; ultrasonography based 
approaches avoid the additional personnel and equip-
ment costs of fluoroscopy and the expense of contrast 
dye. Ultrasound in this study was entirely physician 
operated without any need for a fluoroscopy techni-
cian. Acquisition and leasing costs favor ultrasonogra-
phy over fluoroscopy by a substantial margin; in this 
study, the ultrasound equipment costs approximately 
$40,000 compared to more than 10 times that amount 
for the fluoroscopy machine. The ultrasound machine 
can also be operated in a small room, the fluoroscopy 
equipment has a much larger footprint.

It is apparent from this study that the compli-
cations of dysphagia and other undesired effects 
of inadvertent toxin spread are not inevitable con-
sequences of chemodenervation procedures, even 
when toxin is injected in the scalene muscles, adja-
cent to muscles involved in swallowing and phona-
tion. Precise targeting and the use of low doses are 
likely to be important factors in reducing undesired 
toxin effects. A controlled environment with proto-
cols designed to reduce patient movement is likely to 
reduce the chances of needle tip displacement after 
targeting and during toxin injection. In the presently 
reported protocols, electromyography was used for 
confirming initial muscle penetration as well as for 
the detection of inadvertent needle tip displacement 
during the procedure. Although we did not systemati-
cally document the frequency of electromyographi-
cally detected inadvertent tip displacement, it was 
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not uncommon for electromyography to detect such 
displacements. Whether or not electromyography 
contributes significantly to the low rates of dyspha-
gia in this study, may not be the only justification for 
using this modality. Another potential factor justify-
ing the use of electromyography includes the ability 
of this modality to show characteristic excessive mo-
tor unit activity that would confirm proper selection 
of clinical relevant dystonic muscles (15,19). In certain 
patients, tight, tender muscles and a clinical condi-
tion of Thoracic Outlet Syndrome may be associated 
with excessive fibrosis of a muscle or with a cervical 
band (25); electromyography can distinguish excessive 
muscle contraction characteristic of dystonic muscles 
from passively contracted fibrotic muscles or fibrotic 
bands, avoiding unnecessary botulinum injection into 
such sites. Furthermore, in patients with repeat pro-
cedures, the presence of electromyographic patterns 
of reinnervation in targeted muscles confirms the ac-
curacy and chemodenervation efficacy of prior botuli-
num injections.

Imaging data from the ultrasound examination 
performed at the time of the procedure is able to re-
veal additional findings that may be of clinical value, 
including whether targeted muscles are excessively 
atrophic, displaced or anomalous in location or depth, 
and how these muscles are juxtaposed with respect to 
normal or anomalous neural and vascular elements. 
In this study, rapid and accurate targeting was per-
formed using ultrasound without inadvertent pen-
etration of lungs, nerves or major blood vessels in any 
of the 77 procedures; this experience would support 
the concept that this modality can provide valuable 
targeting information in soft tissues in that cannot be 
easily obtained with other technologies. Although, 

after the presently reported fluoroscopically guided 
procedures, there were no instances of pneumotho-
rax and no neurovascular injury was encountered, it is 
anticipated that such complications would be encoun-
tered on occasion because of the inability of the latter 
modality to visualize lung tissue or arterial structures, 
respectively. In contrast to the ultrasonography expe-
rience, fluoroscopy cannot image neural structures 
during needle insertion so that it was not unexpected 
for parethesias to occur during use of the latter mo-
dality.

Improvement in outcomes after adding the sub-
clavius and pectoralis minor muscles to the target 
set could be explained on the basis of providing ad-
ditional decompression at the costoclavicular space 
in patients with Thoracic Outlet Syndrome. Although 
scalene muscle relaxation may allow the first rib 
“floor” of the costoclavicular space to fall away from 
the overlying clavicle, it would be expected that fur-
ther relaxation of muscles pulling down the clavicular 
“roof” of the costoclavicular space would provide ad-
ditional decompression of the distal thoracic outlet. 
Toxin induced atrophy of the subclavius muscle may 
further decompress the costoclavicular space.

Conclusion

Compared to reports in the literature, the present 
study demonstrates that in a controlled setting, the 
use of combined imaging and electromyographic tar-
geting techniques can minimize complications caused 
by inadvertent spread of toxin without sacrificing ef-
ficacy. Furthermore, the present study demonstrates 
that ultrasound may be considered a replacement for 
fluoroscopy when choosing an imaging modality for 
the guidance of deep muscle injections.
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