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reducing exposure to radiation and contrast media. Newer multide-
tector scanners now obtain CT studies quickly so that reformations 
in sagittal and coronal planes, equivalent to traditional myelography 
projections, are now routine.

Indications
Myelography has been largely replaced by CT myelography and MRI 
for diagnosis of diseases of the spinal canal and cord (Table 440e-1).  
Remaining indications for conventional plain-film myelography 
include the evaluation of suspected meningeal or arachnoid cysts and 
the localization of CSF fistulas. Conventional myelography and CT 
myelography provide the most precise information in patients with 
prior spinal fusion and spinal fixation hardware.

Contraindications
Myelography is relatively safe; however, it should be performed with 
caution in any patient with elevated intracranial pressure, evidence of 
a spinal block, or a history of allergic reaction to intrathecal contrast 
media. In patients with a suspected spinal block, MR is the preferred 
technique. If myelography is necessary, only a small amount of con-
trast medium should be instilled below the lesion in order to minimize 
the risk of neurologic deterioration. Lumbar puncture is to be avoided 
in patients with bleeding disorders, including patients receiving anti-
coagulant therapy, as well as in those with infections of the overlying 
soft tissues (Chap. 443e).

Complications
Headache is the most frequent complication of myelography and is 
reported to occur in 5–30% of patients. Nausea and vomiting may also 
occur rarely. Postural headache (post–lumbar puncture headache) is 
generally due to leakage of CSF from the puncture site, resulting in 
CSF hypotension. A higher incidence is noted among younger women 
and with the use of larger gauge cutting-type spinal needles. If signifi-
cant headache persists for longer than 48 h, placement of an epidural 
blood patch should be considered. Management of lumbar puncture 
headache is discussed in Chap. 21. Vasovagal syncope may occur 
during lumbar puncture; it is accentuated by the upright position used 
during lumbar myelography. Adequate hydration before and after 
myelography will reduce the incidence of this complication.

Hearing loss is a rare complication of myelography. It may result 
from a direct toxic effect of the contrast medium or from an alteration 
of the pressure equilibrium between CSF and perilymph in the inner 
ear. Puncture of the spinal cord is a rare but serious complication of 
cervical (C1–2) or high lumbar puncture. The risk of cord puncture is 
greatest in patients with spinal stenosis, Chiari malformations, or con-
ditions that reduce CSF volume. In these settings, a low-dose lumbar 
injection followed by thin-section CT or MRI is a safer alternative to 
cervical puncture. Intrathecal contrast reactions are rare, but aseptic 
meningitis and encephalopathy are reported complications. The latter 
is usually dose related and associated with contrast entering the intra-
cranial subarachnoid space. Seizures occur following myelography in 
0.1–0.3% of patients. Risk factors include a preexisting seizure disorder 
and the use of a total iodine dose of >4500 mg. Other reported compli-
cations include hyperthermia, hallucinations, depression, and anxiety 
states. These side effects have been reduced by the development of 
nonionic, water-soluble contrast agents as well as by head elevation 
and generous hydration following myelography.

Spine Interventions

Diskography
The evaluation of back pain and radiculopathy may require diagnostic 
procedures that attempt either to reproduce the patient’s pain or relieve 
it, indicating its correct source prior to lumbar fusion. Diskography is 
performed by fluoroscopic placement of a 22- to 25-gauge needle into 
the intervertebral disk and subsequent injection of 1–3 mL of contrast 
media. The intradiskal pressure is recorded, as is an assessment of the 
patient’s response to the injection of contrast material. Typically little 
or no pain is felt during injection of a normal disk, which does not 

accept much more than 1 mL of contrast material, even at pressures as 
high as 415–690 kPa (60–100 lb/in2). CT and plain films are obtained 
following the procedure. Concerns have been raised that diskography 
may contribute to an accelerated rate of disk degeneration.

Selective Nerve Root and Epidural Spinal Injections
Percutaneous selective nerve root and epidural blocks with glucocorti-
coid and anesthetic mixtures may be both therapeutic and diagnostic, 
especially if a patient’s pain is relieved. Typically, 1–2 mL of an equal 
mixture of a long-acting glucocorticoid such as betamethasone and a 
long-acting anesthetic such as bupivacaine 0.75% is instilled under CT 
or fluoroscopic guidance in the intraspinal epidural space or adjacent 
to an existing nerve root.

Angiography

Catheter angiography is indicated for evaluating intracranial small-
vessel pathology (such as vasculitis), for assessing vascular malforma-
tions and aneurysms, and in endovascular therapeutic procedures 
(Table 440e-1). Angiography has been replaced for many indications 
by CT/CTA or MRI/MRA.

Angiography carries the greatest risk of morbidity of all diagnostic 
imaging procedures, owing to the necessity of inserting a catheter into 
a blood vessel, directing the catheter to the required location, inject-
ing contrast material to visualize the vessel, and removing the catheter 
while maintaining hemostasis. Therapeutic transcatheter procedures 
(see below) have become important options for the treatment of some 
cerebrovascular diseases. The decision to undertake a diagnostic or 
therapeutic angiographic procedure requires careful assessment of the 
goals of the investigation and its attendant risks.

To improve tolerance to contrast agents, patients undergoing 
angiography should be well hydrated before and after the procedure. 
Because the femoral route is used most commonly, the femoral artery 
must be compressed after the procedure to prevent a hematoma from 
developing. The puncture site and distal pulses should be evaluated 
carefully after the procedure; complications can include thigh hema-
toma or lower extremity emboli.

Complications
A common femoral arterial puncture provides retrograde access via 
the aorta to the aortic arch and great vessels. The most feared com-
plication of cerebral angiography is stroke. Thrombus can form on or 
inside the tip of the catheter, and atherosclerotic thrombus or plaque 
can be dislodged by the catheter or guide wire or by the force of injec-
tion and can embolize distally in the cerebral circulation. Risk factors 
for ischemic complications include limited experience on the part 
of the angiographer, atherosclerosis, vasospasm, low cardiac output, 
decreased oxygen-carrying capacity, advanced age, and prior history 
of migraine. The risk of a neurologic complication varies but is ~4% 
for transient ischemic attack and stroke, 1% for permanent deficit, and 
<0.1% for death.

Ionic contrast material injected into the cerebral vasculature can be 
neurotoxic if the BBB is breached, either by an underlying disease or 
by the injection of hyperosmolar contrast agent. Ionic contrast media 
are less well tolerated than nonionic media, probably because they can 
induce changes in cell membrane electrical potentials. Patients with 
dolichoectasia of the basilar artery can suffer reversible brainstem 
dysfunction and acute short-term memory loss during angiogra-
phy, owing to the slow percolation of the contrast material and the 
consequent prolonged exposure of the brain. Rarely, an intracranial 
aneurysm ruptures during an angiographic contrast injection, causing 
subarachnoid hemorrhage, perhaps as a result of injection under high 
pressure.

Spinal Angiography
Spinal angiography may be indicated to evaluate vascular malforma-
tions and tumors and to identify the artery of Adamkiewicz (Chap. 
456) prior to aortic aneurysm repair. The procedure is lengthy and 
requires the use of relatively large volumes of contrast; the incidence 
of serious complications, including paraparesis, subjective visual  


