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Successful Use of Spinal Cord Stimulation in the Treatment of
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David M. Sibell, M.D., D.A.B.A., A.C.P.M.,* Anthony J. Colantonio, M.D., D.A.B.A.,†
Brett R. Stacey, M.D., D.A.B.A., A.C.P.M.*

RAYNAUD’S Disease is a vasospastic disorder affecting
primarily the distal resistance vessels. The disease is
typically characterized by the abrupt onset of digital
pallor or cyanosis in response to cold exposure or stress.
Raynaud’s Disease may occur independently or be asso-
ciated with other conditions (systemic lupus erythema-
tosus and scleroderma) and connective tissue diseases.
Initial symptoms may include a burning sensation in the
affected area accompanied by allodynia and painful par-
esthesias with vasomotor (cold, cyanotic) changes. Ulti-
mately, as the ischemia becomes more chronic, this
condition may progress to amputation of the affected
digits.

The most common indication for spinal cord stimula-
tion in the United States is for chronic painful neuropa-
thies. However, in Europe, spinal cord stimulation is
frequently used to treat ischemic conditions, such as
peripheral vascular disease and coronary occlusive dis-
ease.1 Although technically an off-label indication in the
United States, this practice is supported by many pub-
lished studies. There have also been case reports of its
use in other diseases resulting in arterial insufficiency to
the extremities, such as thromboangiitis obliterans
(Buerger’s Disease),2 but its use in Raynaud’s Disease is
relatively underreported.3

This case describes the use of cervical spinal cord
stimulation to treat refractory digital ischemia in a pa-
tient with advanced Raynaud’s Disease.

Case Report

The Vascular Surgery Service consulted the inpatient Acute Pain
Service in April, 2003 to evaluate and treat a 51-yr-old female with a
long history of Raynaud’s Disease. She complained principally of bilat-
eral hand pain (described as 8 of 10 on a verbal analog numeric rating
scale) and symptoms of ischemia. Her disease had progressed to the
point that she had already had an amputation at the distal phalanx of
her left index finger. She had distal ulcerations of several of the digits
and had dystrophic nails.

She complained of cold intolerance, allodynia, and hyperalgesia of
the fingers but also had similar symptoms, to a lesser extent, in the
lower extremities. She had been a long-time smoker but had discon-
tinued smoking several months before this consultation. Her pain was
poorly controlled with high-dose opioids (methadone 80 mg by mouth
every 8 h), as well as gabapentin. She had not responded to tricyclic
antidepressants, nonsteroidal antiinflammatory drugs, anticoagulants,
or antihypertensive agents. In addition, she had a history of sclero-
derma, fibromyalgia, and bilateral carpal tunnel syndrome.

Examination of the patient’s hands revealed multiple nonhealing
ulcers, dystrophic nails, and extreme pallor of all digits. She had severe
allodynia, hyperalgesia, and hyperpathia of these digits without exten-
sion to the hand or arms. Radial artery pulses were normal (fig. 1).

Therapeutic considerations included recurrent amputation, sympa-
thetic nerve block, surgical sympathectomy, and spinal cord stimula-
tion. The goal of our consultation was to find a treatment plan that
would avoid amputation. Sympathetic nerve blocks have a short dura-
tion of action and would not have addressed the long-term problem.
Furthermore, both sympathetic nerve blocks and surgical sympathec-
tomy lack long-term studies indicating positive long-term outcomes.4

Therefore, we elected a trial of cervical spinal cord stimulation.
This procedure was performed in two phases. In phase I, a single

spinal cord stimulator lead (Pisces Quad; Medtronic®, Minneapolis,
MN) was placed in the midline. Immediately, the patient noticed a
dramatic improvement in circulation and pain in her hands along with
paresthesia from the stimulator in the lateral aspects of both arms and
forearms and in the entire hand bilaterally. Her allodynia was im-
proved, and her pallor was eliminated.

Because of the substantial improvement in subjective pain, func-
tional capacity, and objective signs of perfusion, bilateral spinal cord
stimulator leads (Pisces Quad; Medtronic®) were placed in the poste-
rior epidural space, with the zero electrodes positioned at the C4 level
(fig. 2). This resulted in a larger area of paresthesia in both hands. The
spinal cord stimulator implanted pulse generator (Synergy;
Medtronic®) was subsequently placed in the abdominal subcutaneous
tissue. The patient developed a mild cellulitis postoperatively, which
responded well to oral antibiotic (cephalexin). She had an uneventful
further recovery.

Six weeks after the completion of implantation the patient had a
completion amputation of the two distal phalanges of the left index
finger as a result of a nonhealing ulcer of the remnant of this digit.
Aside from that preexisting ulcer, there was substantial improvement
in the objective signs of perfusion and healing of other ulcers and nail
dystrophy in the subsequent months.

Five months after the implantation, the patient rated her pain at 2 of
10 and was able to use her hands. She had had no subsequent surgical
care or complications associated with her spinal cord stimulator. She
was very satisfied with her pain control and functional ability with her
hands (fig. 3). She continued on her other medications (with a slight
reduction in methadone to 70 mg by mouth every 8 h) because of pain
from her other conditions; however, she did not have further hospi-
talizations for this condition.

At 10 months after implantation, she had some recurrence of isch-
emia in the right distal index finger, which was previously her most
serious area of ischemia. One year after implantation, this finger was
amputated at the distal phalanx of this digit. She has had no subsequent
digital ischemia, nor has she had recurrent pain outside of this area.
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Subsequent to this surgery, she has decreased her oral analgesic med-
ications and continues to be active.

Before spinal cord stimulator implantation, this patient had increas-
ingly severe pain and signs of ischemia for approximately 8 yr. Subse-
quent to implantation, with the exception of her most severely dis-
eased digit, both the subjective complaints of pain and objective signs
of ischemia have resolved and have maintained their resolution for
more than 1 yr. She has had no other significant changes in medical
therapy over that time aside from her surgical treatment.

Spinal cord stimulator settings from her most recent reprogramming
session are available for review in the Appendix.

Discussion

The patient’s previous history of her history of ciga-
rette smoking predisposed her to vascular disease. How-
ever, treatment of the underlying scleroderma and smok-
ing cessation had not improved her symptoms of digital
pallor and pain. Her disease progressed to the point of
having serial amputation. Introduction of spinal cord
stimulation improved her pain control and objective
signs of microvascular circulation to the extent that no
further amputations have been required except for a
completion amputation of a digit already beyond salvage.

There has been substantial controversy regarding the
use of spinal cord stimulation in ischemic extremity
disease. However, current information favors the use of
this treatment in inoperable ischemic extremity disease.
There have been a large number of prospective studies,
as well as a systematic Cochrane Review, indicating the
appropriateness of spinal cord stimulation in this scenar-
io.5 However, the studies focus primarily on atheroscle-
rotic vascular disease. Although the exact mechanism of
action of spinal cord stimulation in ischemic extremity
disease is still uncertain, it most certainly affects periph-
eral vasoconstriction and therefore should be effective in
vasospastic disease, such as Raynaud’s Disease.

The present case demonstrates effective use of cervical
spinal cord simulation in a case of severe ischemic ex-
tremity disease and represents an opportunity for an area
of further study.

Fig. 1. Photograph of patient’s hands preoperatively.

Fig. 2. Cervical spinal cord stimulator electrode placement.

Fig. 3. Photograph of patient’s hands 5 months postoperatively.
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Tramadol and Vocal Cord Closure
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TRAMADOL is an analgesic acting as both a weak opioid
agonist and an inhibitor of monoamine neurotransmitter
reuptake. It also provides effective postoperative analge-
sia.1 Unlike other opioids, it is well tolerated and has no
clinically relevant effects on cardiovascular parameters;
therefore, it is widely administered and may prove par-
ticularly useful in patients with poor cardiopulmonary
function, including the elderly, and in patients with
nonsteroidal antiinflammatory drug contraindications.2

The most common side-effects of tramadol (incidence
1.6% to 6.1%) are nausea, dizziness, drowsiness, sweat-
ing, vomiting, and dry mouth.2

Effects of tramadol on control of breathing have been
reported but with divergent points of view. Several clin-
ical studies have reported the absence of a significant
respiratory depression by an analgesic dose of tram-
adol.3–7 The reputation of tramadol as an analgesic lack-
ing respiratory depression has contributed to its in-
creased clinical use in intraoperative and postoperative
periods.8 Other studies, however, indicate that under
some circumstances, tramadol may cause respiratory de-
pression.9–12 Nieuwenhuijs et al.10 reported that in
healthy volunteers tramadol depresses respiration, prob-
ably mediated by an effect on �-opioid receptors. How-
ever, the affinity of tramadol at �-opioid receptors is
much lower (�6,000 times) than that of morphine, and
this makes it a potentially interesting analgesic with
minimal respiratory depression.9

There are no reports of tramadol effects on vocal
cords, such as closure or adduction. This is a report of a

Appendix.

Spinal Cord Stimulator Settings: Dual Lead Pisces
Quad/Synergy System

Program 1
Amp (V): 0.9
PW (�s): 450
Rate (Hz): 50
Electrodes
Designation Polarity (N � Neutral)
0 N
1 �
2 �
3 �
4 N
5 N
6 �
7 �
Program 2
Amp (V): 0.8
PW (�s): 450
Rate (Hz): 50
Electrodes
Designation Polarity (N � Neutral)
0 N
1 N
2 �
3 �
4 N
5 �
6 �
7 �
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hitherto unknown and potential life-threatening adverse
event.

Case Report

In January 2004, a 76-yr-old, 65 kg, male nonsmoker with a history
of diabetes and ischemic heart disease, taking glibenclamide (an oral
hypoglycemic medicine) and acenocoumarol (an oral anticoagulant),
underwent open vascular surgery for open abdominal aneurysm with
insertion of a Dacron prosthesis. After general anesthesia, postopera-
tive pain control was managed administrating an induction dose of
tramadol 2 mg/kg followed by a suggested continuous infusion of
0.20 mg ·kg�1·h�1 (plus supplementary bolus if required). The aim was
to obtain a pain level of 3 or less as measured with the Verbal Pain Scale
(ranging from 0 to 10). To obtain this goal, the infusion rate of tramadol
was adjusted to 0.4 mg ·kg�1·h�1. Other drugs administered were
heparin for prophylaxis of thromboembolism, ondansetron to prevent
nausea and vomiting, and antibiotics.

Twenty-eight hours after surgery the patient was calm, pain free
(Verbal Pain Scale was 0), and responsive to verbal commands. Respi-
ratory rate was 11 breaths/min, and peripheral oxygen saturation 98%.
Approximately 720 mg of tramadol were administered via continuous
infusion throughout the postoperative period. No other drugs had
recently been given with the exception of the continuous heparin
infusion. Hemodynamic parameters were well maintained, but the
patient exhibited nausea, sweating, weariness, and chest wall rigidity.
Mild dyspnea in association with stridor also occurred. Tramadol infu-
sion was stopped, and corticosteroids and oxygen administration were
ineffective. Nevertheless, dyspnea with stridor persisted, breathing
effort increased, and peripheral oxygen saturation decreased from 98%
to 73%. Clinically, the patient was awake with peripheral and mucosal
cyanosis, and systolic blood pressure increased to 160 mmHg. A fiber-
optic bronchoscope, positioned in the airway, photographed the glot-
tis and documented vocal cord closure without signs of edema (fig.
1a). The ear, nose, and throat specialist diagnosed vocal cord closure
and suggested an emergency tracheotomy. Nevertheless, before per-
forming any invasive procedure in a patient with therapeutic reduction
of coagulative parameters, the possibility that vocal cord closure could
be iatrogenic as a result of opioid assumption was considered. There-
fore, under fiberoptic bronchoscope vision, naloxone 1 mg was given
intravenously to reverse opioid effects of tramadol. After giving nalox-
one, a progressive opening of the vocal cords was documented (fig.
1b). Clinically, dyspnea and stridor cessation was observed, with a
dramatic improvement of peripheral oxygen saturation up to 95%. As
is normally expected in such cases, the patient complained of severe

pain in the surgical wound. A third photograph was taken minutes
later, showing further improvement in the vocal cord opening (fig. 1c).
All these data suggested an involvement of the opioid effect of tram-
adol in the genesis of vocal cord closure. Therefore, neither tracheot-
omy nor endotracheal tube insertion were performed. Thereafter, the
patient had an uncomplicated postoperative clinical course and was
safely discharged after 7 days.

Discussion

Vocal cord closure is a life-threatening adverse event
causing difficulty in ventilation and hypoxemia.13 Fre-
quently, emergency intubation or tracheotomy is
required.14

Opioid administration is related to vocal cord closure.
Bennet et al.15 documented progressing cord closure in
28 of 30 patients after administration of morphine, given
intramuscularly to provide sedation, and induction with
sufentanil, concluding that closure of vocal cords is the
major cause of difficult ventilation after opioid-induced
anesthesia. Vocal cord closure was also reported in pa-
tients receiving fentanyl.16,17 Lalley et al.18 suggested
that low doses of fentanyl act on vagal postinspiratory
(laryngeal adductor) motoneurons, whereas in vagal la-
ryngeal adductor and pharyngeal constrictor motoneu-
rons, depression of depolarizing synaptic drive poten-
tials led to sparse, very low frequency discharges. Such
effects on three types of vagal motoneurons might ex-
plain tonic vocal fold closure and pharyngeal obstruction
of airflow.18

High-dose opiate administration may be accompanied
by intense and generalized muscle rigidity. Studies in
animal models suggested that opiate-induced muscle ri-
gidity is primarily the result of activation of central �-opi-
oid receptors.19 A negative modulatory role of central
�1-opioid and �1-opioid receptors on systemic microago-
nist mediated muscle rigidity has also been demonstrat-
ed.19 Muscle rigidity induced by tramadol administration
has also been reported.20

It may be surprising that tramadol, a relatively weak

Fig. 1. Fiberoptic bronchoscope vision. Vocal cord closure during inspiratory phase after administration of high doses of tramadol
for postoperative pain control (a), progressive opening 4 min after giving naloxone (b), and ulterior improvement in opening 20
min later (c).
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�-agonist, produced fentanyl-like effects, as tramadol an-
algesia is thought to be mediated both through an action
on �-opioid receptors and through the inhibition of the
reuptake of monoamines or stimulation of their re-
lease.9,21,22 Nevertheless, the opioid effect of tramadol is
mediated via �-receptors because its affinity at �-recep-
tors and �- receptors is even lower than at the �-recep-
tor.9,22,23 Tramadol is a racemic mixture of two enanti-
omers, and the opioid action is exerted by the (�)-
enantiomer and its metabolite O-desmethyltramadol,
which has a greater affinity at the �-receptor than its
parent compound.9,22 Moreover, in elderly subjects
older than 75 yr, tramadol serum concentrations are
slightly increased and the elimination half-life is slightly
prolonged. The aged can also be expected to vary more
widely in their ability to tolerate adverse drug effects.

In our patient, treatment with the opioid antagonist
naloxone led to complete recovery without conse-
quences, confirming that this complication was related
to opioid action of tramadol. It was of primary impor-
tance to correlate the symptoms experienced by the
patient with the opioid drug given, and the consequent
and prompt administration of the antagonist avoided
emergency invasive treatments, such as endotracheal
tube positioning or tracheotomy, high risk solutions in a
patient with alterations in coagulation parameters and
not free of potential complications per se. It is also of
interest because the use of tramadol has recently ex-
panded, and an increasing number of elderly patients are
medicated with this drug for pain control, often outside
the hospital or in the home. Approximately one quarter
of the population older than 75 yr use analgesics regu-
larly, and tramadol is one of the most frequently pre-
scribed analgesics.24

The primary goal of this case report was to describe
the occurrence of vocal cord closure in an aged patient
as a result of a high dose administration of tramadol. But
the more interesting aspect is that therapy with nalox-
one led to prompt and complete resolution of this ad-
verse effect. However, the dose of naloxone required to
reverse the �-receptor-mediated action of tramadol
could be much higher than that usually needed for
morphine.9

Therefore, this potential life-threatening adverse event,
if recognized and related to administration of a high dose
of tramadol, may also be promptly and easily managed
outside the hospital or in the home by administrating the

antagonist naloxone, similarly to other symptoms of opi-
oid overdose.
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