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Abstract
When used appropriately, buprenorphine and oxycodone are safe drugs. They are, however, wide-
ly abused in combination with other drugs. Here we describe a case series of 8 patients with cervi-
cal myelopathy and rhabdomyolysis of the adjacent deep neck muscles after using an opioid in 
combination with other drugs. All patients were young males who had a previous history of poly-
substance abuse. Six of the patients had used buprenorphine in combination with pregabalin and/
or benzodiazepines, and one patient had used oxycodone with pregabalin and/or benzodiaze-
pines. One patient used buprenorphine with amphetamine. After taking the drugs, they all report-
ed feeling drowsy and then falling asleep. On waking, they noticed weakness in their extremities. 
However, only one patient woke with his head in a flexed position. A varying degree of tetrapare-
sis was observed. Cerebrospinal fluid analysis revealed elevated protein levels and white blood cell 
count. Blood creatine kinase was elevated in 7 patients. Spinal cord MRI showed a hyperintense 
spinal lesion at the level of C1 – Th3 vertebrae associated with rhabdomyolysis in the adjacent, 
paravertebral deep neck muscles. We suggest that polysubstance abuse, especially the combina-
tion of an opioid with another drug with GABA-agonistic properties, caused a compartment syn-
drome of the deep paravertebral muscles without excessive head flexion. This subsequently led to 
compression of the external vascular structures, resulting in venous congestive myelopathy.
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Introduction

When used appropriately, buprenorphine and oxycodone are generally safe drugs 
without any serious adverse effects. In Scandinavia, however, they are commonly abused in 
combination with benzodiazepines and pregabalin. Here we describe eight patients with a 
combination of myelopathy and rhabdomyolysis of the adjacent deep muscles of the neck 
after taking an opioid together with other drugs.

Case Presentation

The 8 patients were treated in three Finnish hospitals. The authors evaluated all the medical 
records, MRI data, and laboratory results of the patients. The MRI studies were made using 
1.5–3 T machines, depending on the hospital in question. Imaging results were re-evaluated 
by a neuroradiologist (M.V.).

All patients were men around their 20’s. Six of the patients reported using buprenor-
phine intravenously and one intranasally (Table 1). One patient had presumably used 
oxycodone intravenously. Seven patients had also used several other drugs, particularly 
pregabalin and/or benzodiazepines. One patient used amphetamine together with buprenor-
phine. All patients reported feeling drowsy and then falling asleep after taking the drugs. 
However, none of the patients reported passing out immediately. After waking up, they 
noticed limb weakness and difficulty in walking. One patient recollected waking up with his 
head flexed.

In the emergency department, examination of the patients revealed varying degrees of 
tetraparesis. When examined, the patients had absent or depressed deep tendon reflexes in 
lower limbs and negative Babinski sign apparently due to spinal shock. A common feature 
in lower limb muscle strength was no movement at all or traces of contraction. Except for 
patient #7 (Table 1), the serum creatine kinase levels of the patients were elevated. 
Otherwise, the patients’ blood tests were unremarkable and other organ involvement was 
not observed. One patient was positive for hepatitis C. The cerebrospinal fluid analysis 
showed both an elevated protein level and white blood cell count. Sagittal T2-weighted MRI 
scans of the spinal cords revealed extensive hyperintense lesions of the cervical spinal cord 
(shown in Fig. 1). These lesions consisted of most of the cervical spinal cord which, in some 
cases, extended to the upper thoracic region. Axial T2-weighted images of the spinal cord 
showed peripheral hypointensity. Asymmetric hyperintense lesions in fluid-sensitive 
sequences were usually seen in the paravertebral deep neck muscles, mainly in the multifidus 
and semispinalis cervicis and capitis muscles (shown in Fig. 1). The muscle fasciae were 
thickened and, when investigated, showed contrast enhancement. Limb muscles were not 
investigated.

Patients were treated with steroids, hypertonic saline, acyclovir, and various antibi-
otics without response. None of the patients developed renal failure. Patient #6 was 
operated on 2 days after onset of the symptoms. Laminectomy was performed at the C3 
to C6 levels. The muscle fascia was clearly thickened and, after performing an incision to 
the fascia, the swollen and compressed muscle bulged out. Histological samples taken 
from the fascia and muscle showed myxotic and thickened fibrosis in the soft tissue. Focal 
necrotic fibers and very mild lymphocytic inflammation were seen in the skeletal muscle 
(shown in Fig. 2).

Patients #1, #4, #5, and #6 continued to abuse buprenorphine after being discharged 
from hospital. Patient #3 had oxycodone in his medication after the incident. Patients #1, #4, 
and #7 later died, and no autopsy was performed.
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Fig. 1. Sagittal and axial MRI images of the cervical spinal cord. T2-and T2*-weighted images demonstrating 
hyperintense lesions on the cervical medulla and the adjacent multifidus and splenic cervicis/capitis mus-
cles. A hypointense rim surrounds the central hyperintense lesion in the axial images of the spinal cord of 
patient #7.

a b

Fig. 2. Histological samples obtained from patient #6. a Myxotic fibrosis in soft tissue between thickened 
collagen fibers (arrows; hematoxylin and eosin, ×200). b Necrotic fibers in between small rounded skeletal 
muscle fibers (arrows; hematoxylin and eosin, ×200).
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Discussion

Several striking similarities were observed in the cases presented here. First, the 
patients were all young males around their 20’s. Despite their young age, however, they all 
had a clear history of polysubstance abuse. Second, they all reported feeling drowsy and 
falling asleep after taking the drugs. Third, the myelopathy was always in the cervical 
region, and it was associated with rhabdomyolysis of the adjacent paravertebral deep neck 
muscles. Finally, all patients had taken a combination of a synthetic opioid with other drugs 
before developing the myelopathy.

Midcervical flexion myelopathy resulting in quadriplegia is a well-known complication 
of surgical procedures requiring patients to be in flexed cervical spine position [1–3]. Intoxi-
cation and substance abuse have caused similar complications [4–7]. In previous single case 
reports describing drug-induced myelopathy, the patients had used heroin and oxycodone, 
but not buprenorphine. It has been suggested that heroin-induced myelopathy is a neuroim-
munological process [4]. In our patients, this seems unlikely, as five of the patients presented 
here were treated with either an opioid or continued using them without relapse. Furthermore, 
we found no signs of intrathecal IgG synthesis in the CSF.

Hirayama disease, also known as flexion myelopathy, is a slowly progressing amyotrophy 
in the upper extremities. To separate Hirayama disease from the acute myelopathy following 
neck flexion, it has been proposed that the term subacute flexion myelopathy should be used 
[8]. Because patients have usually had their head in a flexed position [5–13], it has been 
suggested that neck flexion causes focal compression or stretching of the cervical cord, leading 
to spinal cord infarction via compromised microvascular perfusion [3]. In some subacute 
flexion myelopathy cases, the lesions shown in MRI scans were rather small [2, 9] compared 
to the extensive lesions of the patients reported here. In addition, rhabdomyolysis was not 
always reported [2, 9] and when present, it was not necessarily associated with the MRI 
changes in the deep cervical muscles [4, 6].

Myelopathy associated with adjacent deep neck muscle rhabdomyolysis has been 
described in five single case reports after surgery performed in flexed position [8], after 
oxycodone use [10], and after intoxication [5, 11, 12]. Interestingly, only one of the patients 
described here recollected waking up with his head in a flexed position, suggesting that 
excessive head flexion is not essential for developing myelopathy. This is supported by 
previous findings that intoxication and surgery may cause subacute cervical myelopathy 
without extensive hyperflexion of the neck [2, 4, 13].

Both heroin and buprenorphine use have been shown to cause rhabdomyolysis via 
compartment syndrome in the extremities. The hypothesis of a compartment syndrome in 
the neck muscles is supported by MRI findings that show thickened fascia around swollen 
muscles and observations during the operation on patient #6. Opioid-induced compartment 
syndrome in the extremities has several causes, including paravenous injections, direct 
muscle compression, and infections associated with intramuscular injections. The etiology 
of the compartment syndrome reported here is not, however, caused by any of these factors. 
Direct muscle compression is not a causative factor, as neck muscle rhabdomyolysis caused 
by compression affects variable superficial muscles in the face and neck. These muscles 
were, however, spared in all the patients presented here. We suggest therefore that lying 
in the same position for a prolonged period after taking the drugs resulted in in a 
compartment syndrome and rhabdomyolysis of the deep neck muscles without any 
excessive neck flexion.

Since both the myelopathy and rhabdomyolysis were adjacent in the cervical region, we 
suspect a causal relationship between the two. Because swollen muscles are likely to compress 
the adjacent vascular structures, ischemic spinal cord infarction is possible. However, since 
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the anterior and posterior spinal cord arteries originate from the vertebral arteries, they are 
not affected by the compression. Therefore, damage to the arterial circulation of the spinal 
cord would be limited to the compromised circulation via the segmental arteries. A more 
likely reason for the spinal cord damage is impaired venous flow of the spinal cord, leading 
to venous hypertensive myelopathy. This hypothesis is supported by the finding of the 
hypointense peripheral rim surrounding the central hyperintensity in T2-weighted images 
(shown in Fig. 1), which is a specific sign of venous hypertensive myelopathy [14]. Thus, we 
suggest that polysubstance abuse produced a compartment syndrome of the deep paraver-
tebral neck muscles which, in turn, impaired the venous flow of the spinal cord, resulting in 
venous hypertensive myelopathy. Fasciotomy would therefore be the treatment of choice. 
This operation was performed on patient #6 without any response, suggesting that if this 
process develops for long enough, the damage is irreversible.

Buprenorphine is a safe drug for treating opiate addiction. The 2007 background document 
reviewing the safety of buprenorphine, methadone and naltrexone for treating opioid depen-
dence stated that there is no reason to believe that buprenorphine is commonly associated 
with any serious adverse effects [15]. This document formed the basis of the WHO guidelines 
for the psychosocially assisted pharmacological treatment of opioid dependence, where no 
mention of the interaction between buprenorphine and, e.g., pregabalin was made. We 
conclude therefore that physicians treating opioid-dependent patients with buprenorphine 
and those patients using these drugs with a tendency to polysubstance abuse should be aware 
of the interaction between buprenorphine and other drugs and the devastating long-term 
sequelae described here. This diagnosis carries a poor prognosis since three of the eight 
patients presented here died within a few years of the incident.
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