Spinal Nerve Enhancement with Gd-DTPA: MR Correlation with the

Postoperative Lumbosacral Spine
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PURPOSE: To search for a probable source of the recurrent signs and symptoms associated with
lumbosacral postsurgical syndrome on intravenous gadolinium-enhanced MR. METHODS: A
retrospective study of 120 patients with recurrent symptomatology following lumbar disk surgery
was carried out with spin-echo MR pre- and postenhancement with gadopentetate dimeglumine
(0.1 mmol/kg). In addition, 10 asymptomatic subjects were evaluated at least 6 months postop-
eratively using the same imaging protocol. RESULTS: 21.6% of the symptomatic subjects (N =
26) had enhancement of one or more spinal nerve root. This enhancement was focal or
multisegmental, and involved single or multiple nerve roots. The abnormal neural enhancement
was associated with otherwise isolated epidural fibrosis in 88.5%, and with herniated nucleus
pulposus in the remaining 11.5%. The overall clinical correlation of single root enhancement with
a monoradiculopathy and multiroot enhancement with a polyradiculopathy was 95.7%. However,
21.7% of these same cases also showed additional nerve root enhancement that did not have an
overt clinical correlation. All of these latter patients were imaged relatively early in the postoperative
period (5 days to 8 months). The 10 patients in the asymptomatic group all manifested degrees
of postoperative epidural scarring on MR, but no abnormal radicular enhancement or other
associated pathology. CONCLUSION: In the chronic postoperative phase (more than 6 to 8
months), the presence of radicular enhancement on MR imaging in symptomatic individuals, and
its absence in asymptomatic subjects, suggests that neural enhancement serves as a marker for
active neural pathology that may in certain individuals be related temporally to the signs and
symptoms associated with the lumbosacral postsurgical syndrome.
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Lumbosacral postsurgical syndrome consists
of signs and symptoms occurring following op-
erative treatment for disk disease. The literature
has described in detail the two most important
differential diagnoses in this syndrome originating
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in the postoperative period: 1) recurrent disk
herniation, and 2) epidural scarring (1, 2). The
clinical significance of recurrent disk herniation is
obvious; however, the actual relationship of scar-
ring to the clinical syndrome has never been
elucidated. In fact, past computed tomography
studies in postoperative asymptomatic subjects
have shown that epidural fibrosis is present in
equal or perhaps in even greater amounts in these
individuals (3-5). Magnetic resonance (MR) with
enhancement performed early in the postsurgical
period (4-12 days) supports these observations
(6). Contrast-enhanced MR scans performed up
to 6 months after surgery in asymptomatic pa-
tients have shown a spectrum of findings includ-
ing epidural fibrosis and nerve root enhancement
(7). Changes responsible for failed therapy in the
chronic postoperative phase include osseous for-
aminal or lateral recess stenosis, residual disk
herniation, chronic adhesive arachnoiditis, and



384 JINKINS

finally “indeterminate” phenomena (eg, local ver-
tebrogenic or remote musculoskeletal pathology).
The purpose of this paper is to evaluate MR
enhanced with intravenous (IV) gadopentetate di-
megdlumine (Gd-DTPA) one group of subjects with
lumbosacral postsurgical syndrome, and to com-
pare these findings with a second patient group
without postoperative symptoms in an effort to
search for abnormalities that might be associated
with symptomatology.

Subjects and Methods

One hundred and twenty consecutive patients undergo-
ing MR for the evaluation of persistent or recurrent signs
(ie, pain, paresthesias) and symptoms (ie, weakness, reflex
abnormalities) after lumbosacral spine surgery were eval-
uated retrospectively (symptomatic group). Patients ranged
in age from 23 to 87 years old; the date of the most recent
surgery prior to imaging ranged from 1 week to 9 years
(Table 1).

T1-weighted (600/20/2, TR/TE/excitations), and T2-
weighted (2000-2700/30-90/1) sagittal spin-echo imaging
through the lumbosacral spine, and T1-weighted (600/20/
2) oblique axial spin-echo imaging angled through the lower
three lumbar intervertebral disks was performed. In addi-
tion, the T1-weighted (600/20/2) sagittal and axial spin-
echo imaging was repeated immediately following the IV
administration of Gd-DTPA (0.1 mmol/kg Magnevist). The
thickness of the sections throughout was 5 mm, and the
scan matrix was 2567 or 256 X 192.

Scans were categorized into “normal”’ postoperative
study (eg, evidence for laminectomy/laminotomy with
minimal or no epidural enhancement and no additional
visible abnormalities); isolated epidural fibrosis (eg, mod-
erate to severe, focal or diffuse scarring, encasing the nerve
root sheaths and/or thecal sac); herniated nucleus pulposus
(either at the previously operated level or at a different
vertebral interspace); extradural vertebral disease (eg, facet
arthrosis and end plate osteophytosis with or without liga-
mentum flavum buckling, neural foraminal encroachment,
central spinal or lateral recess stenosis); spinal nerve/nerve
root enhancement (eg, enhancement of one or more neural
radicles following IV Gd-DTPA administration), chronic
adhesive arachnoiditis (eg, matting of intrathecal nerve
roots, thickening of the dural sac, and adhesion of nerve
roots to the thecal walls, with or without constriction of
the thecal sac and enhancement); and miscellaneous le-
sions (eg, pseudomeningocele, conus region neoplasm).

Spinal nerve and nerve root enhancement (eg, an in-
crease in signal on T1-weighted acquisitions of one or more
neural radicles following IV Gd-DTPA administration) was
determined by comparing the study cases to previously
selected reference scans used as standard images. These
showed focal (ie, single level) enhancement of a single root
inside the thecal sac or root sleeve in association with
epidural scar (Fig. 1) or disk herniation (Fig. 2), intrathecal
single root enhancement extending over multiple segments
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(Fig. 3), intrathecal multiple root enhancement at a single
or at multiple levels (Fig. 4), and extradural spinal nerve
enhancement (Fig. 5).

A second group of subjects was composed of a
prospective evaluation of 10 volunteer patients without
signs or symptoms subsequent to surgery for lumbosacral
disk disease (asymptomatic control group). The period at
which these individuals were studied ranged from 6 months
to 6 years after the operative procedure. With the approval
of the Institutional Review Board, the MR examination
carried out was identical to that outlined above for the
symptomatic group.

Results

In the symptomatic group, the most common
abnormality identified was moderate to severe
epidural fibrosis, seen in 56 patients (46.7%).
Anatomic changes limited to the surgical proce-
dure enhancement (eg, laminotomy/laminec-
tomy, minimal or no epidural enhancement) with-
out other visible abnormalities were seen in 19
individuals (15.8%). Herniated nucleus pulposus
was observed in 38 individuals (31.7%). Facet
arthroses and degenerative osseous end plate
spurring with varying degrees of neural foraminal
narrowing, lateral recess encroachment, or gen-
eralized spinal stenosis were seen in 32 cases
(26.7%).

Of the 120 patients in the symptomatic group,
26 (21.6%) had enhancement of one or more
nerve roots following IV Gd-DTPA contrast ad-
ministration. Of the 26 subjects with enhancing
nerve roots, epidural fibrosis was associated in
88.5% of the total, and herniated nucleus pulpo-
sus in 11.5%. Enhancing roots were associated
with isolated surgical change in 0% (N = 0), and
with extradural osseous degenerative disease in
0% (N = 0).

The most commonly identified pattern of
neural enhancement was isolated or single level
focal enhancement of one nerve root, seen in 18
of the 26 patients (69.2%). Six patients had
multiple roots enhancing at a single interspace
(23.1%). Two patients had multilevel enhance-
ment of a single root that extended over several
interspaces, proximally and/or distally (7.7%).
The earliest case of radicular enhancement was
noted at 1 week after surgery and the latest at 9
years.

Sufficient clinical information for correlation of
symptoms with enhancing nerve roots was avail-
able in 23 of the 26 patients. The three other
patients were referred from remote sources and
the clinical syndrome could not be reliably ascer-
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TABLE 1: Summary of clinicoradiologic findings in 23 subjects with postoperative lumbosacral nerve root enhancement
Location of Surgery: Time Elapsed Current Clinical Bt/ Ehdef Live] Additional MR Clinical/MR
Case N Side/Level/Site since Surgery Syndrome Hepys Roist Findings Follow-Up
Enhancement
1 Left L4-L5, L5-S1 2 weeks Left posterior but-  Multiple intrathecal Epidural fibrosis: -
laminotomy, dis- tock, thigh pain root enhancement L4-L5, L5-S1
kectomy L4-L5 at L4-L5, L5-S1;
left L5 root en-
hancement within
root sheath
2 Bilateral decompres- 13 months Low back, left Left L5 root enhance-  Epidural fibrosis: -
sion laminotomy, posterior thigh ment within root L4-L5, L5-S1;
bilateral foraminot- pain sheath left L5 root
omy L4-L5; fusion swelling
L5-S1
3 Right L4-L5, L5-S1 18 months Right posterior Right L4-L5, L5-S1 Epidural/dural fi- -
laminotomies, fu- thigh/calf pain root enhancement brosis: L4-L5,
sion L4-S1 with root sheaths L5-S1
4 Multiple bilateral lam- 2 years Low back pain; Left S1 root enhance-  Epidural/dural fi- -
inectomies, diskec- left antero and ment within root brosis: L4-L5,
tomies L4-L5, L5- posterior leg sheath L5-S1
S1; fusion L4-S1 pain
=) Left L5 laminectomy, 3 years Left posterior leg Left S1 root enhance-  Epidural fibrosis: -
foraminotomy; fu- pain ment within root L5-S1
sion L5-S1 sheath
6 Left laminotomy, dis- 14 months Low back pain; Left S1 root enhance- Epidural fibrosis: -
kectomy L5-S1 left posterior ment within root L5-S1
calf and foot sheath
pain, and dys-
esthesias
7 Bilateral laminec- 2 years Low back pain, Left S1 root enhance- Epidural fibrosis: -
tomy, diskectomy left posterior ment within root L5-S1
L5-S1 leg pain sheath
8 Right laminectomy, 5 years Low back, but- Right S1 root en- Epidural fibrosis: Root enhance-
partial L5-S1 face- tock, posterior hancement within L5-S1 ment un-
tectomy; previous leg pain; numb- root sheath changed since
diskectomy at this ness right foot, MR examina-
level weakness right tion 2 years
leg earlier
9 L4-L5, L5-S1 lamino- 2Ys years Left buttock, left Left L5-S1 root en- Epidural fibrosis: -
tomy, diskectomy anterolateral hancement within L4-L5, L5-S1,
thigh, left lat- root sheath left S1 root
eral foot, right swelling
foot pain
10 Right L5-S1 lamino- 5 days Right buttock, Multiple intrathecal Epidural fibrosis: Repeat MR at 10

tomy, diskectomy

thigh, lateral
foot pain,
numbness right
perineum; right
leg weakness,
bowel and
bladder dys-
function

root enhancement
at L5-S1

L5-S1

weeks showed
only right S1
root enhance-
ment within
root sheath;
right lower ex-
tremity signs
and symptoms
unchanged
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TABLE 1—Continued
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Site/Side/Level of

Location of Surgery: Time Elapsed Current Clinical Additional MR Clinical/MR
Case No: Side/Level/Site since Surgery Syndrome Herve Roat Findings Follow-Up
Enhancement
11 L4-L5 diskectomy, 5 months Left buttock, pos-  Bilateral intrathecal Epidural fibrosis: -
bilateral L5-S1 for- terior thigh, leg root enhancement L4-L5, L5-S1
aminotomies pain to ankle, at L5-S1
groin pain
12 Bilateral L4-L5, L5- 5 years Low back pain, Bilateral intrathecal Epidural fibrosis: -
S1 laminectomies bilateral hip root enhancement L4-L5, L5-S1
and thigh pain at L4-L5
13 Right L5-S1 lamino- 20 months Right buttock, Right S1 root en- Epidural fibrosis: -
tomy, diskectomy posterior thigh hancement within L5-S1
and lateral foot root sheath
pain
14 Right L4-L5 lamino- 14 months Left leg and foot Left L5 root enhance- Recurrent left -
tomy, diskectomy pain ment within root paramedian L4-
sheath L5 herniated
disk
15 Bilateral L4-L5 lami- 8 months Low back pain, Multiple intrathecal Epidural fibrosis: Repeat MR at 9
notomy, diskec- right leg pain enhancement at L4-L5 months dem-
tomy L4-L5 onstrated reso-
lution of en-
hancement;
subtotal resolu-
tion of signs
and symptoms
16 Right L5-S1 laminec- 4 months Low back pain, Multiple intrathecal Epidural fibrosis: -
tomy, diskectomy right leg pain root enhancement L5-S1
at L5-S1; right S1
root enhancement
within root sheath
17 L4-L5 laminectomy, 5 years Low back pain, Left S1 root enhance- Left S1 fusion; -
diskectomy; fusion right posterior ment within root epidural fibro-
L4-S1 calf pain; left sheath sis: L4-L5, L5-
leg paresthesias S1
18 L4-L5, L5-S1 lami- 3 years Left leg pain, Left intrathecal root Recurrent left L4- -
nectomies, diskec- bladder dys- enhancement at L5 herniated
tomies function L4-L5 disk
19 L5-S1 laminectomy, 9 years Low back pain, Left S1 root enhance-  Epidural fibrosis: -
diskectomy dominant left ment within root L5-S1
hip, leg pain sheath
20 Right L5-S1 laminec- 2 months Right posterior Right S1 root en- Epidural fibrosis: -
tomy, diskectomy left pain hancement within L5-S1
root sheath; cran-
iad extension of
enhancement to
conus
21 Bilateral L4-L5, L5- 10 weeks Left buttock, Left L4-L5 root en- Epidural fibrosis: -

S1 laminotomies,
diskectomies

thigh, and calf
pain

hancement within
root sheath

L4-L5, L5-S1
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TABLE 1—Continued
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Site/Side/Level of

Location of Surgery: Time Elapsed Current Clinical Additional MR Clinical/MR
Case No. i - ] Nerve Root .
Side/Level/Site since Surgery Syndrome Findings Follow-Up
Enhancement
22 Bilateral L4-L5, L5- 4 years Left leg pain Left S1 root enhance- Left L3-L4 her- -
S1 laminectomies, ment within root niated disk
diskectomies sheath
23 Bilateral L4-L5, L5- 5 years Dominant left leg  Left S1 root enhance- Recurrent left L5- -
S1 laminectomies, pain ment within root S1 herniated
diskectomies sheath disk
Note.— — = not done or no change.

Fig. 1. Forty-eight-year-old man with right S1 radiculopathy:
single focally enhancing nerve root associated with postoperative
epidural fibrosis.

A, Precontrast T1-weighted (600/20) axial image illustrating
the obliteration of the epidural fat on the right (asterisk).

B, Gd-DTPA-enhanced T1-weighted (600/20) axial image dem-
onstrating perineural enhancement of the epidural scar, but also
enhancement of the right S1 nerve root itself is identified com-
patible with radiculitis (arrow). Compare with normal left S1 nerve
root and A.

Fig. 2. Fifty-one-year-old man with right lower extremity ra-
diculopathy: single focally enhancing nerve root associated with
postoperative recurrent disk herniation.

A, Precontrast T1-weighted (600/20) axial image demonstrates
a focal right-sided mass (asterisk).

B, Gd-DTPA-enhanced T1-weighted (600/20) image shows an
intrathecally enhancing root (arrow) adjacent to the peripherally
enhancing disk herniation. No intrathecal enhancement was iden-
tified extending craniad or caudad from this image.
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Fig. 3. Man with right lower extremity radiculopathy: single, proximal multilevel nerve root enhancement associated with postoper-

ative epidural fibrosis.

A and B, Precontrast T1-weighted (600/20) sagittal and axial images revealing no distinct abnormality.
C and D, Gd-DTPA-enhanced T1-weighted (600/20) sagittal and axial images demonstrating extensive multisegment neural

enhancement (arrows) (case courtesy of T. Burt, MD).

tained. Of the 23 who were reviewed, 20 mani-
fested a clinical monoradiculopathy that corre-
lated with the side and level of origin of the root
enhancement on the MR examination in 19 cases.
The clinical review of the remaining three cases
of polyradiculopathy had good correlation with
the MR evidence of multiple enhancing nerve
roots in all three. The overall correlation of clinical

radiculopathy with root enhancement thus was
95.7% (22 of 23 individuals). However, five of
these same cases (21.7%) also showed additional
nerve root enhancement that did not have an
overt clinical correlation (cases 1, 10, 11, 15, and
16). All of these latter cases represented studies
obtained relatively early in the postoperative
period (5 days to 8 months). No case manifesting
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an enhancing nerve root on MR had a known
past myelogram performed with oil-based con-
trast media.

The remaining abnormalities identified in the
symptomatic group were chronic adhesive arach-
noiditis (N = 2) and pseudomeningocele (N = 1).
Postoperative MR study of one patient revealed
an occult conus neurofibroma that was subse-
quently confirmed surgically.

All 10 patients in the asymptomatic control
group demonstrated varying amounts of epidural
scar tissue (Fig. 6). None, however, revealed any
observable spinal nerve/root enhancement fol-
lowing IV Gd-DTPA administration. In addition,
no recurrent/residual disk herniation or other
structural spinal abnormality could be identified
in the asymptomatic group.

Discussion

The lumbosacral postsurgical syndrome is
composed of signs consisting of dysfunction and

Fig. 4. Forty-one-year-old woman with left lower extremity
radiculopathy: multiple, proximal multisegment nerve root en-
hancement associated with postoperative recurrent disk hernia-
tion.

A, Precontrast T1-weighted (600/20) sagittal image revealing
the surgical defect (arrow) and obliteration of the epidural fat on
the left (asterisk).

B, Gd-DTPA-enhanced T1-weighted (600/20) image at L5-S1
demonstrating enhancement surrounding and within what was
subsequently surgically proved to be a recurrent disk herniation
(curved arrow). Also identified are multiple enhancing intrathecal
nerve roots (straight arrows).

C, An enhanced T1-weighted (600/20) image at L.3-L4 reveal-
ing proximal enhancement of at least two radicles (arrow).

disability as well as symptoms comprising pain
and paresthesia. A so-called failed back may be
responsible for this constellation of findings. A
true biomechanical failure of the spine in regard
to disk disease may encompass: 1) primary disk
herniation, and 2) recurrent disk herniation. Fail-
ure of some aspect of the treatment to cure the
clinical syndrome, on the other hand, may be due
to a wide variety of potential causes such as: 1)
residual disk herniation, 2) spinal, meningeal,
and/or neural inflammation, 3) epidural scar for-
mation, 4) spinal/foraminal stenosis, and 5) re-
mote or indeterminate phenomena that are un-
related to the spine itself (1, 2).

Most recurrent disk herniations are associated
with variable amounts of epidural scar tissue. On
immediate imaging following the IV administra-
tion of Gd-DTPA, the peripheral scar tissue will
enhance variably, while the central, generally hy-
povascular extruded disk material in the majority
of cases should not enhance in its entirety (6, 8,



390 JINKINS

Fig. 5. Forty-year-old woman with left lower extremity radic-
ulopathy: single, distal multisegment enhancing nerve associated
with postoperative epidural fibrosis.

A, Precontrast T1-weighted (600/20) axial image shows no
distinct abnormality. Mild epidural fibrosis was seen at the oper-
ative level (not shown).

B, Gd-DTPA-enhanced T1-weighted (600/20) axial image re-
veals intense enhancement of a left-sided descending extrafora-
minal lumbosacral nerve (arrows). Compare with opposite side
and A.

9). False negatives (ie, totally or subtotally en-
hancing true disk herniations) in this setting are
likely attributable to: 1) delaying the scan time
beyond the immediate postinjection period, so
that Gd-DTPA gradually “seeps” into the center
of the disk thereby masking its presence; 2) a
disk herniation that is sufficiently old that it is
entirely permeated with the neovascularity ac-
companying the granulation tissue associated
with disk extrusion; therefore, the extruded disk
material generally enhances; or 3) actual rapid
diffusion of contrast material into the loose con-
nective tissue of the disk extrusion during the
subacute phase after surgery (8, 9).
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On the other hand, given the preceding stipu-
lations, immediate complete enhancement of ep-
idural tissues with IV Gd-DTPA, in the face of
postoperative obliteration of epidural fat, usually
indicates scarring (8, 9-11). This fibrosis may be
plaque-like and/or mass-like in form, either of
which may be indistinguishable from an actual
disk herniation without the benefit of [V Gd-DTPA
enhancement. Many of the cases in this series
with otherwise unremarkable epidural fibrosis
also demonstrated neural enhancement with [V
Gd-DTPA-enhanced MR. The other association
of nerve root enhancement was with disk hernia-
tion. Presumably, the latter circumstance was
related to direct mechanical trauma which re-
sulted in the observed neural enhancement on
MR.

Some of the cases of multiple enhancing nerve
roots may be due to a different phenomenon.
Although unproved, these cases most probably
represent instances of generalized low-grade
aseptic inflammation. There were no clinical find-
ings to suggest active infection in any of the
individuals in this study, and no responsible agent
could be identified.

It has been observed by others that asympto-
matic neural enhancement on Gd-DTPA-en-
hanced MR may occur during the first 6 months
following surgery, after which it resolves (7).
Seven of the 26 cases of neural enhancement in
the present series were observed relatively early
in the postoperative period, within 8 months of
the surgery. Importantly, five of the seven were
the same five who demonstrated nerve root en-
hancement that did not correlate with clinical
signs and symptoms. This represents clinically
irrelevant early postoperative root enhancement
(7). On the other hand, persistent enhancement
beyond 6 to 8 months had a very high correlation
(95.7%) with the presenting clinical syndrome in
the current study.

Mild temporary pressure per se is of doubtful
direct influence in the generation of symptoms in
the chronic stages of neural compression. Al-
though a sudden mechanical blow may induce
transient paresthesias or even acute pain, such
an insult, if minor, may not incite prolonged pain
(12-14). However, a frank nerve crush or abnor-
mal pressure brought to bear upon a nerve root
chronically does cause pathophysiologic changes
within the nerve that will in all probability result
in extended pain and disability (15, 16).

In certain individuals, simple surgical removal
of the disk herniation that was responsible for the
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Fig. 6. Fifty-eight-year-old asymptomatic woman 6 months
following successful disk surgery: isolated postoperative epidural
fibrosis.

A, Precontrast T1-weighted (600/20) axial image showing
obliteration of the epidural fat on the left (asterisk).

B, Gd-DTPA-enhanced T1-weighted (600/20) axial image dem-
onstrating peripheral epidural enhancement (arrow) compatible
with epidural fibrosis, but absence of detectable enhancement of
intrathecal neural tissue.

initial insult may not halt the pathologic process.
The enhancing nerve roots observed in this study
that were not associated with disk herniations
supported this hypothesis. The chronic pain that
ensued may have its primary origin in continuous
nerve root injury that preceded the operative
procedure (ie, traumatic radiculitis). In other
words, the pathophysiologic mechanism respon-
sible for the observed enhancing nerve root may
have transcended the disk surgery. The asymp-
tomatic neural enhancement observed in the im-
mediate postoperative period favored this conten-
tion (7). In this circumstance, the neural enhance-
ment on MR in some cases was simply lagging
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behind the clinical recovery, but nevertheless
represented an observable phenomenon of on-
going injury/repair.

In the majority of cases, abnormal nerve root
enhancement was seen at the level of the oper-
ated disk and extended for a short distance cau-
dally. The experimental correlation for this pre-
dominant distribution is found in studies of
traumatized sciatic nerves in animal models. The
pathologic vascular permeability of injured nerves
increased both proximally and distally to the
insult, although the increase tended to be signifi-
cantly greater distally. This abnormal vascular
permeability extended only for a relatively short
distance, which was measured in centimeters
(17, 18).

The epineurium and perineurium surrounding
peripheral nerves in experimental animals contain
no endothelial barrier to the passage of even large
macromolecules from the bloodstream into the
peripheral tissues (19-25). Ultrastructurally, both
open junctions and fenestrae are present in the
epineural and perineural vessels, thereby ac-
counting for these findings. Nevertheless, these
neural coverings are biomechanically quite
strong, and structurally provide a measure of
safety from mechanical injury (25). The proximal
spinal roots, however, are somewhat different.
Like the spinal cord, these roots are covered by
arachnoid and pia, and the whole is bathed in
cerebrospinal fluid (CSF). Thus, although sur-
rounded loosely by dura and more closely by pia,
the root does not have the advantage of an
intimate, durable covering of perineurium, and
may therefore be relatively more susceptible to
external trauma (13, 26). In addition, the endo-
thelial vessels traversing the nerve root itself are
fundamentally different from those found in the
epi- and perineurium of peripheral nerves. The
vessles of the endoneurium constitute a true
blood-nerve barrier (BNB) to the free exchange
of water soluble nonelectrolytes, proteins, and
some ions (24). However, this barrier is species-,
individual-, and even nerve-specific (20).

Under normal conditions in humans, the degree
of extravascular extravasation of intravascular
substances (including radiographic contrast me-
dia) into spinal nerve roots is believed to be minor
(19, 27, 28). In MR imaging, enhancement of
spinal and cauda equina nerve roots following [V
Gd-DTPA administration at 0.1 mmol/kg is not
a normal occurrence (28). The distinction should
be noted, on the other hand, that there is little or
no BNB within the spinal dorsal root ganglia,
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which explains their intense enhancement pattern
after IV Gd-DTPA (18, 28). Anatomically, the
dorsal ganglia are aligned longitudinally with the
sacral roots, as opposed to transversely with
dorsal roots elsewhere in the spine. A caveat to
preceding observations concerning abnormal root
enhancement in MR imaging is that, at and below
the S1-S2 level, and within the lumbar neural
foramina, any perceived neural enhancement
may be due to physiologically enhancing dorsal
ganglia. As dorsal root ganglion enhancement is
inseparable visually from the remainder of the
nerve root, this finding should not be misinter-
preted.

With frank compression injury to spinal nerves
and roots, however, this otherwise relatively in-
tact BNB may break down. At surgery for disk
herniation, affected nerve roots occasionally are
noted to be swollen and hyperemic (29). Increased
vascular permeability and accompanying vaso-
dilatation presumably account partly for the ab-
normal neural enhancement identified on Gd-
DTPA-enhanced MR in pathologic situations such
as that observed in the cases in the present series
(17, 18, 30, 31).

In addition to the direct trauma emanating from
the initial disk herniation and subsequent surgery,
other stimuli may be responsible for inducing
epidural and perhaps primary or secondary neural
inflammation. Byproducts of disk nutrition (ie,
lactic acid) or otherwise normal substances ordi-
narily contained within the intact intervertebral
disk (ie, glycoproteins) hypothetically may cause
an inflammatory response following rupture of
the disk into the epidural space (14, 32). Alter-
nately, or in addition to this response to chemical
irritation, an allergic/autoimmune reaction to disk
material may play a part in the epidural patho-
logic process (14, 32). However, it seems unlikely
that the spinal nerve, protected by the barrier
formed by the dura, arachnoid, CSF, and pia,
would be intimately affected in most cases by
such epidural reactions (13). Therefore, while
epidural fibrosis may be a direct manifestation of
these processes, the pathology within the under-
lying nerve itself may not. Some experimental
evidence seems to bear this out (33). Chronic
compressive neural trauma/ischemia is believed
to be the leading cause of the inflammation and
secondary abnormal neurophysiologic change
that may continue long after the initially offending
influence (ie, disk herniation) has been removed
(13, 16, 26, 34). Epidural fibrosis through CSF
nutritional deprivation and a tethering of the root
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causing traction on the nerve during somatic
movements may induce additional aberrant neu-
roelectrical potentials within the already inflamed,
hypermechanosensitive axons (15, 35-37). How-
ever, actual mechanical circumferential constric-
tion of the underlying nerve root could potentially
be amplified by the perineural scar (38).

It has been proven that axon degeneration and
regeneration actually contribute to and prolong
the BNB breakdown and are believed to serve as
an indicator of such activity (31, 39). Almost
certainly, the cases of far proximal (Fig. 4), distal
(Fig. 3), or both proximal and distal (Fig. 5)
multisegmental root enhancement are represent-
ative of ongoing degenerative and regenerative
phenomena within injured neural tissue.

In closing, final consideration should be given
to those individuals in the symptomatic group
who did not demonstrate either recurrent disk
herniation or enhancing nerve roots or spinal
nerves. One explanation for this is that some of
these cases actually do have a low-grade neural
injury but nevertheless do not reveal neural en-
hancement. Therefore, they may represent false
negatives with regard to IV Gd-DTPA-enhanced
MR in this setting. It should be stated that neural
enhancement with Gd-DTPA is a visual MR pa-
rameter of BNB disruption and is not necessarily
a prerequisite for the pathophysiologic changes
linked with clinical signs and symptoms. BNB
disruption and radicular pain are two fundamen-
tally different pathophysiologic processes that
may in certain situations be associated both tem-
porally and spatially. By the same token, it may
be assumed that the two may become dissociated
in some circumstances (11). Nevertheless, the
remote neural enhancement related to axonal
degeneration/regeneration may be coupled to
motor axon dysfunction and therefore clinical
weakness and reflex dysfunction. However, the
presence of neural enhancement with Gd-DTPA
may also indicate a more severely injured nerve
than would be true otherwise. Additional causes
for symptoms in the sciatic distribution that are
not intimately related to the spinal nerve root,
and that might not therefore be visualized on a
lumbosacral MR, include primary musculoskel-
etal pathology (ie, facet arthropathy, myofacial
injury, etc) and peripheral sciatic nerve disease.
Thus, a considerable etiologically indeterminate
group still remains to be understood.

In summary, Gd-DTPA is an important adjunct
to the MR evaluation of the postoperative lum-
bosacral spine with regard to the clarification of
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the clinical, radiologic, physiologic, and prognos-
tic aspects of the postsurgical syndrome. The
three major areas of application are in the eluci-
dation and differentiation of: 1) residual/recurrent
disk herniation with or without associated scar
formation, 2) isolated plaque-like or mass-like
epidural fibrosis, and 3) spinal, leptomeningeal,
and neural inflammation or neural degeneration
of nonspecific etiology. The identification of en-
hancing nerves and/or nerve roots that correlate
with clinical signs and symptoms may warrant
the consideration of therapy specifically aimed at
a neuroelectrical stabilization of the axon mem-
brane. This may reduce the level of spontaneous
pathologic ectopic neuroelectrical activity within
the hypermechanosensitive nerve root that is
believed to be partially responsible for the path-
ologic pain, paresthesias, and neuromuscular dys-
function associated with the postsurgical syn-
drome both in the presence and the absence of
correlative anatomic spinal abnormalities.
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