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Prolonged structural compromise of spinal nerve roots
can lead to chronic changes that surgical decompres-
gion might not be able to revarse. In this study, it was
hypothesized that if there were a revearsible structural
pain component, a steroid injected into the patient's
symptomatic nerve root should provide temporary pain
relief and that these patients should have a favorable
surgical outcome. It also was hypothesized that
duration of radicular symptoms would corralate
inversely with surgical outcome. For postoperative relief
of radicular pain, the results showed that patients with
pain lasting less than 1 year had a positive surgical
result {B9%), regardless of response to steroid. Patients
with pein lesting morea than 1 year and who have had a
positiva response to steroid injectad into the
symptomatic nerve root (roots) had a positive surgical
outcome of 85%., Patients who did not respond to the
gternid and had pain for more than 1 year (95%)
genarally had a poor surgical outcomea, Although the
poor outcome in the last group might be explained in
soma cases by an inadequate structural correction,
inadequata stabllizatlon, or functional reasons, tha
majority of these failures represented irreversible
changes in tha neural structures. [Key words: salective
nerve-root block, selective narve root, narve root,
staroid, spine]

Diagnostic evaluation of patients with complex pain
syndromes requires a multipronged approach.*? Relying
solely on structural abnormalities is inadequate.>* The
correlation of diagnostic selective block procedures can
be useful in discerning symptomatic from nonsymptom-
atic lesions.*3%35 But can selective block procedures help
predict surgical outcome?

Relief of pain after injection of corticosteroid into the
perineural tissue of the spinal neural pathway suggests a
reversible cause of neural symptoms. Persistent mechan-
ical and/or chemical irritation of neural tissue can lead to
a less reversible lesion.

A primary role of inflammation has been postulated
by several authors, and clinical studies show increased
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neural sensitivity to minor mechanical stimulation of
irritated nerve roots.''~'* No experimental information
is available, however, that correlates a loss of nerve
function and hyperexcitability (ie, pain) with duration or
extent of nerve root injury.'* Because steroids inhibit
phospholipase A,, which is the rate-limiting step in the
inflammatory arachidonic pathway,'® and because phos-
pholipase A, can itself cause pain,!” the present study
sought to determine a correlation among prolonged (ie,
greater than 1 week) relief of radicular pain after sus-
tained-release steroid injection, duration of preoperative
radicular pain, and relief of pain after surgical decom-
pression.

® Methods

The study population included 78 consecutively identified
postsurgical patients from September 1989 to December 1990.
The inclusion criteria included the following:

* Leg pain greater than or equal to back pain;

* Three or more months of active conservative care before
surgery;

* A lumbar epidural and/or selective nerve-root injection of
local anesthetic and corticosteroid within 1 month before
surgery;

* A minimum of 80% relief of preinjection leg pain imme-
diately after the injection.

Seventy-eight patients met the above criteria, but seven were
eliminated from the study for one or more of the following
reasons:

* Lumbar arachnoiditis was demonstrated on MRI scan;

* Scar tissue was the only structural diagnosis;

* Patient had preoperative caudal epidural;

+ Patient was unable to remember clearly either the degree
or duration, or both, of leg-pain relief after injection.

The charts were gathered by a research assistant, and the
data were reviewed and categorized by two senior authors (RD
and GK). The following data were obtained from chart review:

* Duration of preoperative leg pain;

* Number and types of previous lumbar surgeries;

* Structural abnormalities present on the computed tomo-
graphic or magnetic resonance imaging scans;
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Figure 1. Two-needle technique with a 22-gauge passer and 18-
gauge needle. The 22-gauge passer is located 2 mm under the L5
pedicle. Nonionic contrast medium (2 ml) is injected and can be
seen surrounding the L5 nerve root and dorsal root ganglion. Some
contrast has spread centrally in the epidural space and around the
L5 pedicle.

* Preoperative electromyographic results;

* Preoperative straight leg raising results;

» Structural findings and diagnosis at the time of surgery;
* Type of surgery and number of surgical levels.

The research assistant called all patients and confirmed the
duration of preoperative leg pain; onset of the pain; degree of
pain relief after steroid injection; and the duration, onset, and
degree of relief of postoperative leg pain. Leg-pain relief was
determined by the patients’ subjective evaluation of the percent-
age of relief after injection or surgery. A positive response to
steroid was defined as greater than 50% relief of leg pain
occurring within 1 week of injection and lasting a minimum of
1 week. A positive surgical outcome was defined as greater than
50% relief of leg pain as compared to the preoperative intensity,
relief occurring within 1 month of surgery and lasting a
minimum of 6 months. The percentage of improvement of leg
pain was obtained from each patient by the research assistant
during a phone interview.

Interlaminar epidural and/or selective nerve-root injections
were performed at a single facility by one of two anesthesiolo-
gists (RD and GK). All injections were performed with fluoro-
scopic localization (Figures 1-3 ). Placement was documented
by the use of the nonionic contrast medium (iohexol, Om-

b

Figure 2. Two-needle technique with a 22-gauge spinal needle
passed under a posterolateral fusion. The tip of the 22-gauge needle
lies under the L5 pedicle adjacent to the existing L5 nerve root.
Nonionic contrast medium (2 ml) is injected and is surrounding the
L5 nerve root.

nipaque, Sanofi Winthrop Pharmaceuticals, New York, New
York). Of 71 patients, 57 had selective nerve root blocks, which
were used for localization of symptomatic root levels. Needles
were placed into the neuroforamens just below the pedicle. The
skin entrance was 1-5 cm lateral and 1-3 cm caudal to the tip of
the transverse process. Slow injection of 1-2 ml iohexol was
used to outline the spinal nerve, dorsal root ganglion (DRG),
and nerve root. The location of contrast at the time of pain
provocation and the concordance of leg-pain referral was
recorded, after which 1-2 ml lidocaine (Xylocaine 2%, Astra
Pharmaceutical Products, Inc.,, Westboro, Massachusetts)
mixed with 1 cc Celestone Soluspan (Schering Corp., Kenil-
worth, New Jersey) was injected. Postanesthesia evaluation was
performed by one of two nurses working full-time in the
injection suite. The degree of relief to active motion testing was
recorded on a computerized form. Local anesthesia relief was
defined as the degree of relief of leg pain occurring within 20
minutes of the injection and lasting 30-60 minutes. Patients
who has less than 80% local anesthetic relief were not included
in the series. Steroid relief was defined as the degree of leg-pain
relief that occurred within 1 week of the injection. Greater than
50% leg-pain relief for more than 1 week was considered a
positive response to steroid.
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Figure 3. Needles have been inserted beneath the pedicle at the
L34, L4-5, and S2 levels. Only the root that provokes concordant
pain is injected with local anesthetic and steroid. The course of the
S1nerve root is marked. The needle is passed through the posterior
S1 foramen and lies next to the S1 nerve root.

H Results

A total of 71 patients were included in the study. A
two-by-two contingency table (Table 1) of dependent
variables, surgical outcome, and response to steroid
shows a probability of less than .001, using the chi-
square statistic, that the null hypothesis was valid. There
is a 91% positive surgical predictive value for steroid
responders: ie, in upper row, 20 of 22 patients who had a
positive epidural response to steroid had greater than

Table 1. Total Population

Surgical Outcome

Positive Negative Total
Steroid Response
Positive 20 2 22
Negative n 38 49
Total K1l 40 n

Sensitivity: 85% (20/31); Specificity: 95% (38/40}; Positive predictive value:
91% (20/22); Negative predictive value: 77% (38/49); Chi squared:
P(x? = 32.59} <<.001.

Group II
18%
Group IV
54%
Group III
15%

Group I 9
Group IT 13
Group IIT 11
Group IV 38
Total 71

Figure 4. Number of patients per study group.

50% postsurgical relief of leg pain. A 95% specificity is
shown in the second column: ie, 38 of 40 patients did not
have a positive surgical outcome and did not respond to
epidural steroid.

The population was divided into patients with leg pain
lasting less than 1 year and patients with leg pain lasting
more than 1 year. The study group comprised four
groups of patients (Figure 4), for which two contingency
tables were created. Both tables noted (P < .001) that the
results were due to chance. The same high specificity and
predictive value were seen in the short-duration popula-
tion vs. the total population, but the low sensitivity and
negative predictive value were also apparent (Table 2).
Because only 2 of 20 patients had a negative surgical
outcome (Table 2, second row), a negative response to
steroid does not preclude a positive surgical outcome.
The contingency table for the long-duration population,
however, shows high correlations in all the above-com-
puted values (Table 3). Of special note is the high
negative predictive surgical value of 36 of 38 patients
(Table 3, bottom row). With respect to the number of
previous surgeries in the long-duration population, the
only two patients (2/13) who had no relief after steroid
injection but a positive response to surgery had no prior
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Table 2. Short Duration Population {Leg Pain Less
Than 1 Year)

Surgical Qutcome

Positive Negative Total
Steroid Response
Positive 9 0 9
Negative 9 2 1
Total 18 2 20

Sensitivity: 50% (9/18); Specificity: 100% (2/2); Positive predictive value:
100% (9/9); Negative predictive value: 18% (2/11); Chi squared:
P(x2 = 1.81) <<.01.

Table 3. Long Duration Population (Leg Pain Longer
than 1 Year)

Surgical Outcome

Positive Negative Total
Steroid Response
Paositive " 2 13
Negative 2 36 38
Total 13 38 51

Sensitivity: 86% (11/13); Specificity: 95% (36/38); Positive predictive value:
85% (11/13); Negative predictive value: 95% (36/38); Chi squared:
Plx? = 32.13) <<.01.

surgeries. Indeed, in the total population, patients who
had a positive surgical outcome had an average of .38
prior lumbar surgeries, compared to 1.4 prior surgeries in
the group of patients with failed surgeries (Table 4).

Table § compares patients with a positive surgical
outcome to those with a negative surgical outcome.
There was no statistical difference between these groups.
Note that 89% of the patients had only a decompressive
laminectomy.

B Discussion

A search of the literature revealed two studies that
investigated response to steroid as a predictor of surgical
outcome. '?” Warfield and Crews found a positive cor-
relation (P = .088) in 17 patients between response to
lumbar steroid injection and relief of pain after chymo-
papain injection, but they found no correlation between
the response to lumbar steroid injection and the relief of
pain in the same 17 patients who underwent lumbar
surgery.’” Although the epidural injections were per-

Table 4. Prior Surgeries

Surgical Response

Number of Prior

Surgeries Positive Negative
0 21 16
1 9 14
2 1 6
3+ 0 4

Table 5. Preoperative and Postoperative Variables

Surgical Response

Variable Positive Negative
1. Preoperative Diagnosis

Disc 9 8

Stenosis 4 8

Disc plus stenosis 1 19

Spondylolisthesis 7 5
2. Type of surgery

Decompression 28 35

Fusion (+/— decompression) 3 5
3. Number of levels operated

1 1 n

2 13 20

3+ 7 9
4. EMG

Positive 24 30

Negative 1 0

Not recorded 6 10
5. Straight leg raise

Positive 13 26

Negative 14 9

Not recorded 4 5
6. Age

Average 42 48

Median 46 45

formed by skilled anesthesiologists at a reputable center,
the selective epidural approach was not used and fluoro-
scopic verification was unavailable. Diagnosis, back- or
leg-pain distribution, and duration of symptoms were
not mentioned. Assuming, however, that the patients
undergoing chymopapain injection had greater leg pain
than back pain and had symptoms lasting less than 1
year, their study population, although small, has a higher
sensitivity rate than our short-duration steroid/surgery
group. Warfield and Crews’s study population also sug-
gests a test for predicting the surgical outcome of patients
undergoing percutaneous nuclectomy. Although not ad-
dressing the lumbar spine, Green found that 81% of
patients with carpal tunnel entrapment had good-to-
complete relief of symptoms after carpal tunnel steroid
injection. In most patients, symptoms recurred 2—4
months after injection. He also found that a positive
response to an injection was an excellent predictor of a
successful surgical procedure.'?

Previous studies have shown a high positive cor-
relation between local pain provocation, anesthetic
relief of leg pain after selective nerve-root blocks, and
surgical verification of structural neural compro-
mise. 27 LIS 16 1819.32.33 None of these studies re-
ported on preoperative duration of leg symptoms, and
although surgical outcome was given in several studies, it
was not specifically investigated. Dooley et al eliminated
patients who had arachnoiditis at the time of surgery.”
None of these studies investigated response to steroid as a
predictor of leg-pain relief after surgery.

Our investigation found a strong correlation among
preoperative duration of leg pain, previous surgery, re-
sponse to local anesthetic followed by steroid injection,
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Figure 5. Population with a positive response to steroid {n = 22).

and relief of leg pain after surgical decompression. If the
total study population is considered without respect to
duration of leg pain or previous surgery, 91% of the
patients who had a positive response to steroids had a
positive surgical outcome (Figure 5). Of the patients who
did not have postoperative relief of leg pain, 95% did not
respond to preoperative epidural steroid injection (Fig-
ure 6).

Of patients with leg pain lasting less than 1 year, 90%
had a positive surgical outcome regardless of response to
steroid; patients in the same group who had a positive
response to steroid had a 100% favorable outcome
(Figures 7-8). Patients with leg pain lasting more than 1

40

30

20

10

o L NN =S @2

1 2
+ Steroid - Steroid
Response Response
(n=2) (n =38)

Figure 6. Population with a negative surgical outcome (n = 40).
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Figure 7. Population with leg pain lasting less than 1 year {n = 20).

year generally did poorly, but patients who had a favor-
able surgical outcome could be identified before surgery
by a positive response to steroid (Figure 9). If the number
of previous surgeries was also considered, the positive
steroid responders in this group had an average of .38
prior surgeries, compared to 1.4 in the negative steroid
group. The two patients who had leg pain for more than
1 year and had no prior lumbar surgeries reported a
negative response to steroid; they subsequently had
greater than 50% relief of leg pain after surgery.
Because these results have significant clinical implica-
tions and will need to be substantiated in prospective
studies at other centers, it is important to understand the
variables and assumptions of the present study.
Although referred to as surgical outcome, 50% relief
of preoperative leg pain was the only criterion of a
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Figure8. Population with a positive response to steroid and leg pain
lasting less than 1 year (n = 9).
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Figure 9. Population with a positive response to steroid and leg pain
lasting more than 1 year (n = 13).

positive surgical outcome. Back pain, functional capac-
ity, return to work, and patient satisfaction were not
considered criteria of surgical success or failure. The
average follow-up time was 9 months, so long-term
results could not be addressed.

We assume that the majority of patients had leg pain
caused by direct or indirect compromise of either the
DRG or nerve root, or both, within the nerve-root
pathway. At the time of surgery, all patients had preop-
erative structural defects identified on computed tomo-
graphic and/or magnetic resonance imaging scans, and
76% of their electromyographs showed evidence of acute
and/or chronic abnormalities. Injection procedures were
performed with direct fluoroscopic monitoring of the
spread of injection by two anesthesiologists. Although
not specifically studied, 80% of the injections were
performed for diagnostic pain localization, and there was
80% relief of leg pain for the approximate duration of the
local anesthetic. In addition, only patients with leg pain
greater or equal to back pain were included in the study.
Relief from leg pain after the injection was assumed to
localize the site of pain generation and confirm the
injection of steroid into that area.

We assume that delayed relief of leg pain after a local
anesthetic injection followed by selective injection of
steroid was due to the effect of the steroid and is thus
labeled in the contingency tables (Tables 1-3).528:2% We
assume this because steroids can theoretically stabilize
membranes and increase blood flow to injured neural
structures. They also can suppress free radical genera-
tion, inflammation, edema formation, and release of
lysosomal enzymes.'* It has not been proved that any or
all of these mechanisms are responsible for relief of pain
after epidural steroid injection, but the positive therapeu-
tic effect of epidural steroids is well documented. In
addition, the 1-7-day delay of pain relief after steroid
injection could be related either to a delay in the steroid
anti-inflammatory effect or to a delay in the elimination
of pain enhancing neuropeptides, or both.?:3%

We assume that our study population would not have
improved with further conservative care. The study pop-
ulation had an average of 9 months of conservative care.
Less than 10% of the patients had leg pain due to a
single-level disc protrusion. Sixty-eight percent had asso-
ciated stenosis, and many had either multilevel structural
pain generators or previous lumbar surgery, or both
(Table 5). Indeed, Saal et al found that four of six cases
requiring operative treatment had significant spinal
stenosis at the time of surgical decompression.?"

Finally, we assume that adequate surgical decompres-
sion was achieved in the majority of patients. All opera-
tions were performed by experienced surgeons. Postop-
erative computed tomographic and magnetic resonance
imaging scans for 17% of patients showed mild postop-
erative stenosis. The majority of these patients, however,
were thought to have had postoperative reformation of
laminas and articular processes, and the stenosis did not
account for the persistence of their leg pain.?* Although
results of the long-duration group were generally poor,
90% of patients who had leg pain for less than 1 year had
an average of 90% relief for an average follow-up dura-
tion of 9 months.

The neural complex, especially the DRG, is vulnerable
to compromise in its pathway from the entrance through
mid, exit, and far-exit zones.’**%3* Several minutes of
repeated firing can result from DRG compression.'?
Although animal studies have shown that compression of
normal peripheral nerves or nerve roots provokes bursts
of activity for only a short time, these structures, when
subjected to prior trauma or injury, will respond to minor
mechanical stimulation or that which is applied slowly
with a generation of impulses.'*'73¢ Repeated or pro-
longed direct compression lead to deterioration of nerve-
root function due to compromise of intraneural blood
flow/vascular permeability and axonal transport. These
changes can lead to impairment of intraneural microcir-
culation and the formation of chronic intraneural ede-
ma.?22627 The DRG may be even more susceptible to
compromise because of its tight capsule and more perme-
able microvessels.! Mechanical compression of rat DRGs
has been shown to produce a threefold increase in endo-
neural fluid pressure.'? Edema and focal demyelination
also can result from venous obstruction in the interverte-
bral foramen or as a direct sequela of perineural inflam-
mation.'>**=% The result can be long-standing edema,
causing loss of nerve function and the development of
endoneural and perineural fibrosis.'® These abnormali-
ties can cause decreased conduction velocity and hyper-
excitability. Decreased conduction velocity is manifest by
either sensory deficit or muscle weakness, or both; hyper-
excitability can cause pain, paresthesia, and muscle fas-
ciculations,?!+25:26

Intraneural and extraneural fibrosis is not always
reversed with surgical decompression; this disorder can
cause persistent neural ischemia, loss of large axon fibers,
and fixation of the nerve root complex by scar tissue.






