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Abstract.

Direct injury of the spinal cord has been reported many times, particularly in cases of overexposures with
radiotherapy of neoplasm that occurred outside the Central Nervous System. Permanent damage to the spinal
cord is the most feared complication of radiation therapy treatments and one of the relatively common causes of
litigation for medical malpractice in the context of cancer treatment. We have learned from clinical experience;
data from randomized trials and animal experimentation the dose tolerance as well as the interfraction interval for
hyperfractionation regimes. We are still lacking precious clinical information, in particular the dose tolerance in
combined modality treatments that represent the vast majority of modern treatments.

1. Clinical presentation

The overall functional repercussion of myelopathy depends on the segments of the spinal cord
affected. In general, radiation-induced lesions of the spine have a shorter latent period to the
clinical manifestation than do similar brain lesions [1]. The spinal cord often is unable to
tolerate the absorbed dose levels necessary to eradicate malignant tumors. In many cases, there
is a delayed myelitis. The most radiosensitive portion of the CNS appears to be upper thoracic
segments and the lower lumbar and sacral segments [2].

Radiation myelopathy presents initially as a subtle unilateral or bilateral sensory deficit,
diminished temperature sensation and proprioception, as well as discrete paresis. Pain is not a
prominent feature. These signs and symptoms may progress gradually, to overt sensory deficit,
paralysis, spasticity and incontinence, or may stabilize at any level of partial neurological
deficit. Hyperreflexia, and Babinski, are often found on neurological exam. Often, signs of
Brown-Sequard can be found (ipsilateral paralysis and loss of discriminatory and joint
sensation, and contralateral loss of pain and temperature sensation).

The diagnosis is generally made by exclusion. First, it is essential to rule out other causes of
spinal cord injury like spinal cord compression. Second, the features of neurologic deficit
must correlate with the segment of spinal cord irradiated. Finally, time to expression of injury,
and the dose received must be consistent with the scientific available data. It is important to
keep in mind that there are some predisposing factors that may decrease the latent period and
/or increase the incidence of radiation myelopathy. Such factors are previous CNS damage,
vascular diseases and concurrent chemotherapy. Diagnostic workup usually yields nonspecific
results. MRI may show cord swelling, decrease intensity in Tl and increased in T2, indicative
of edema. The CSF is normal, or it has slightly elevated total protein, elevated myelin basic
protein, and lymphocytes. The prognosis depends primarily upon the degree and level where
the cord is transected. The actuarial mortality from radiation myelopathy at 18 months is 55%
for cervical lesions, and 25% for thoracic lesions. Those patients are usually treated with
steroids to reduce edema, with some improvement. Supportive care and rehabilitation are also
cornerstones.
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2. Pathology

Radiation injury to the spinal cord is limited to the white matter. The dominant features,
although not pathognomonic are demylination and malacia that are accompanied by a variable
degree of gliosis and vascular anomaly. Using morphologic features, the cases of radiation
myelopathy can be divided in 3 categories:

• Type I, with predominant white matter demylination and malacia.
• Type II with mainly vascular changes.
• Type III, where there is a combination of both components.

In general latent periods of 17-18 months are associated with Type I or III lesions. Vascular
changes encounter in Type III lesions are endothelial alterations, teleangiectasia, hyalinosis,
and fibrinoid necrosis. In contrast, longer latencies tend to be associated with the Type II,
where the vascular abnormalities are vascular thrombosis, necrosis and hemorrhage. Type III
is the most frequent in humans. In addition to architectural changes, there are modifications in
the cellular composition within the white matter. Atrocities and microglia are increased in the
irradiated segment, instead of the normal nerve fibers surrounded by myelin.

3. Dose-incidence relationship and physical factors

The dose-response relationship is now well established. Schultheiss and Stephens in 1992 [3]
reviewed the literature, indicating that a total dose of 45 Gy in 22-25 fractions, results in a
myelopathy incidence of 0.3% or less. A realistic estimate of the Estimated Dose to produce
myelitis in 5% of the patients treated with radiation therapy delivered in fractions of 2 Gy is
between 57 and 61Gy (ED 5).

Moreover, there is a 25-50% incidence of thoracic cord myelopathy at dose levels of 60 Gy
with 2 Gy fractions, 40 Gy with 3 Gy fractions and 35 Gy with 4 Gy fractions [1]. In the Costa
Rica radiotherapy accident, there were 3 patients who developed spinal cord complications (2
became quadriplegic and one became paraplegic). These patients had received 50 to 57 Gy in
15 to 17 fractions. Also, the major cause of fatality was the myelitis (5 patients) in the
Zaragoza radiotherapy accident (Spain) [1].

There are no firm clinical data to support the general belief that the radiation tolerance of the
spinal cord of children is much lower than that of adults. However, the few cases of myelitis
that have been observed and reported happened in doses of about 40 Gy in fractions of less
than 2 Gy. It is reasonable to assume a lower tolerance in clinical practice, so the dose should
be reduced by 5-10% in children.

The quality control of the radiotherapy treatment is very important in assessing the risk of
myelopathy. If a radiation field is very long, this risk is greater, particularly when adjacent
field radiotherapy is performed with overlap in the treatment field.

4. Dose fractionation and interfractionation interval

In the linear quadratic model, the endpoint of delayed white matter necrosis has an ct/p ratio
of 2 Gy. This is typical of a late reacting tissue; it means a strong dependency of radiation
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tolerance on fraction size. This fact suggests that hyperfractionation (reduction in the fraction
size) would, in theory, reduce the risk of myelopathy [4].

The importance of intervals between fractions is a recent hot issue, since the high incidence of
radiation myelopathy in CHART, a regime with three daily doses of radiation, where the time
between fractions was kept to a minimum of 6 hr. This was based on the initial results on a
rodent study showing a half time of repair of 1.5 hr. There is a study by Ang at al [5] showing
that cellular repair of sublethal damage proceeds at slower rate of up to 3.8 hr. so the high
incidence of radiation myelopathy in CHART can be attributed to incomplete repair between
fractions. To minimize the risk of myelopathy it is prudent to allow an interval of at least 6
hours, preferably 8, when the schedule is two times a day. In treatments delivered three times
a day, due to compounding incomplete repair, the dose to the spinal cord must be reduced in
10-15%.

There are some studies in rodents carried out by Van der Kogel [5-7], evaluating the
contribution of the overall treatment time in determining the radiation tolerance of the spinal
cord. These data suggest that protracted radiation courses do not appreciably increase the
tolerance of the spinal cord

5. Volume effects

It has been accepted that the dose to the spinal cord should be reduced when the volume
(number of cord segments) is large. This tradition evolved based on the belief that radiation
volume is a strong determinant of cord tolerance. Clinical data are scarce and inconclusive,
but now we have data form large animals (pig, dog, and monkey). Doubling the treatment
volume leads to a reduction of 4% of isoeffective dose at a 1-55 incidence level. This means
that in treatment settings, where the probability of myelopathy is less than 1% (the rule),
changes in treatment volumes have minimal impact on cord tolerance.

Kramer et al have indicated the maximum acceptable dose to the cervical and lumbar spinal
cord to be 50 Gy in 25 fractions over 5 weeks and, to the thoracic cord 45 Gy delivered over
4/4 to 5 weeks [8]. Other works reported tolerance doses range between 35 Gy in 4 weeks and
50 Gy in 5 weeks [9-10]. If these doses are exceeded, transient radiation myelopathy and,
perhaps, paralysis may result.

Fitzgerald et al. indicated that 13% of patients who received 40 Gy in an accelerated
fractionation scheme and survived 11 months developed progressive myelitis [11].

Diche et al. [12] have examined 754 cases of radiation myelitis post-radiotherapy for lung
cancer. They have shown a threshold dose for thoracic radiation myelitis in fractionated
radiotherapy of 33.5 Gy. Georgiou et al. indicated [13] a dose to the lumbosacral plexus of 73
Gy and only 4 patients developed plexopathy in this anatomical zone.

6. Reirradiation (recovery form occult radiation injury)

This is an important issue in head and neck patients, who once they are cured, have a chance
of 25% of developing a second primary. At the present time most radiation oncologist are
reluctant to treat such patients, because of the misconception that previously irradiated tissues
cannot be re-treated, particularly the spinal cord. There is experience on retreatment of
recurrent brain tumors and nasopharyngeal tumors suggesting the existence of long-term
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recovery in the CNS. But in order to developed a rational strategy, and based on previous
rodent model by Van der Kogel [5], Ang [6] developed a monkey model, irradiating monkeys
at 44 Gy in 20 fractions, with re-irradiation 2 yr. later, with cumulative doses of 83.6, 92.4,
101.2, and 110.0 Gy. Only 2/16 animals developed myelopathy. Asymptomatic animals were
observed for at least 2 yr. after the re-treatment. These data indicate that the majority of occult
injuries induced by the initial treatment have recovered within 2 years

7. Relation with chemotherapy

There are clinical data indicating that the risk of myelopathy in children is increased when
intensive chemotherapy (IV and IT MTX and Ara-C) is administered concurrently with XRT.
Quantitative assessment in a rodent model, carried out by Van der Kogel [5], showed that IT
Ara-C reduces the radiation tolerance of the spinal cord by about 20%
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