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Abstract

Study design
Retrospective observational histological study

Objective

To evaluate the reliability of gadolinium enhancement as a marker for inflammation by
associating gadolinium enhancement findings with the degree of inflammation as measured
by macrophage infiltration in disc material retrieved during disc surgery in patients with
sciatica.

Summary of the background data
Disc inflammation often occurs in sciatica patients, a non-invasive tool that is used to assess
disc inflammation is gadolinium enhanced MR imaging.

Methods

Disctissue was retrieved from patients in the Sciatica trial (N=119), A multicentre randomized
controlled trial in patients with sciatica. Disc tissue was embedded in paraffin and stained
with haematoxylin and CD68. Tissue samples were categorized as mild (0-10 macrophages/
cm?), moderate (10-100 macrophages/cm?), and considerable (>100 macrophages/cm?)
inflammation. Of the 119 MRI’s, 96 were additionally performed with contrast-enhanced
gadolinium.

Results

74 patients showed gadolinium enhancement of the disc herniation and 26 of the nerve root.
Degree of inflammation by macrophages was not associated with gadolinium enhancement
of nerve roots or herniated discs. These results did not change if the patient groups with
and without Modic type 2 changes were evaluated separately. Furthermore, no associations
were observed between gadolinium enhancement and presence of Modic type 2 changes.

Conclusions
This study found gadolinium enhanced MRI findings to be unreliable as an indicator for
inflammation of disc herniation or nerve root in patients with sciatica.



Introduction

A highly prevalent medical condition is lumbar disc herniation [1], often accompanied by
sciatica, also known as radicular pain syndrome. Since 1934, it has been widely accepted that
this condition is caused by compression of the nerve root of the herniated lumbar disc [2, 3].
Disruptions of the annulus fibrosus or of its attachments to the adjacent endplate may result
in a herniation of nucleus pulposus tissue into the epidural space. This concept was later
fine-tuned with theories involving micro traumata of the vertebral endplate and/or micro
traumata leading to disruption of the annulus fibrosus. In addition to the abovementioned
nerve root compression, disruption of the annulus fibrosus can also induce a foreign-body
reaction aimed at the nucleus pulposus tissue in the epidural space, which is accompanied by
neovascularization and macrophage infiltration [4-6]. Subsequently, infiltrated macrophages
have the ability to exacerbate the sciatic symptoms by excreting pro inflammatory cytokines
[7-9]. Both the nerve root compression and inflammatory response may contribute to the
irritation of the nerve root and thus to pain in the innervated dermatome [10]. However, the
foreign-body reaction could also have a positive effect: it may help to accelerate the healing
process through resorption of the herniated material mediated by infiltrated macrophages
(8, 11, 12].

In order to further explore the role of inflammation in sciatica, it would be of benefit if non-
invasive tools for inflammation could be identified. Such a tool might be Magnetic Resonance
Imaging (MRI) accompanied by intravenous injection of gadolinium diethylenetriamine
penta-acetic acid (Gd-DTPA). This contrast enhancement method helps visualizing vascular
supply to tissue. It is widely thought that the herniated disc is only vascularized in case
of an inflammatory response [13]. Consequently, some studies have suggested that this
technique provides a good predictor for inflammatory reactions in the disc. However,
evidence is limited [14, 15].

An additional MRI feature that is often described in sciatica patients are Modic changes.
Recently, Dudli et al. added a characteristic. The authors showed that both Modic type 1
and type 2 changes are associated with an inflammatory dysmyelopoiesis with fibrogenic
changes [16]. This suggests that Modic changes interact with the inflammatory process
in the disc. This is supported by our previous study that showed an interaction effect of
Modic type 2 changes and disc inflammation on clinical outcome in sciatica [17]. Because
of this interaction, it could be that the correlation between gadolinium enhancement and
inflammation is different in patients with and without Modic Changes. The aim of this study
is to investigate the association between gadolinium enhanced MR imaging and the extent
of disc inflammation in sciatica patients with, and without Modic changes.
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Materials and Methods

Study population

Patients for this study were participants in the Sciatica Trial [18]. This was a multicentre
randomized trial involving 283 patients who suffered from sciatica for 6-12 weeks and had
MRI disc herniation. Patients were included if they suffered from a dermatomal pattern
of pain distribution with accompanying neurological dysfunction that corresponded
to the same nerve root being affected on the MRI. Exclusion criteria were cauda equina
syndrome, muscle paralysis, insufficient strength to move against gravity, occurrence of
another episode of symptoms similar to those of the current episode during the previous
12 months, previous spine surgery, bony stenosis, spondylolisthesis, pregnancy, or severe
coexisting disease. In the trial, early surgery was compared to prolonged conservative care.
141 patients were randomized to surgery and 125 patients actually underwent surgery (16
recovered before surgery could be performed). The other 142 patients were randomized
to prolonged conservative care, of which 55 patients underwent surgery within 1 year,
with a mean time to surgery of 15 weeks after randomization. Thus, in the first year after
randomization a total of 180 patients underwent surgery for sciatica. The protocol, which
included analysis of the disc material, was approved by the medical ethics committees at all
participating hospitals.

Histological analysis

Disc material of all operated patients was collected and fixed in 4% formaldehyde solution.
For assessment, the tissue was subsequently embedded in blocks of paraffin. Thin slices were
prepared and the tissue was evaluated histologically for inflammation by investigating the
presence of macrophages. For the haematoxylin staining, a 5-um thick slice was taken from
the middle of the paraffin blocks. Each slice was stained with Harris haematoxylin according
to the program from the Leica ST 5020-mulitstainer. For the immunohistochemistry, 5-um
paraffin slices were rinsed in ethanol and methanol solutions and prepared for the expression
of CD68 (macrophages) (DAKO, Denmark). Immunohistochemistry was performed using a
three-step indirect method. Antibodies were cooked in EDTA pH 9.0 buffer as a pre-treatment.
Subsequently, a avidin-biotin complex technique was performed with the Vectastain ABC-
Elite Kit (Vector Lab. USA) and the appropriate biotinylated antibodies. Visualization of the
peroxidase reaction was done with DAB solution (Sigma). Moreover, the samples were
counterstained with Harris haematoxylin. All of these samples were accompanied by a
positive control. In control samples, primary antibodies were omitted, which resulted in
the expected absence of any cellular labelling. In order to standardize the evaluation of the
samples, all samples were photographed under the microscope before they were evaluated.
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The evaluation was done by two independent investigators, who were blinded to clinical
information and MRI. The training of these independent researchers was carried out by a
senior pathologist. The number of macrophages on each sample was counted and estimated.
Using this method, the tissue samples were categorized according to their inflammation
grade. The categories consisted of mild (0-10 macrophages per cm?), moderate (10-100
macrophages per cm?), and considerable (>100 macrophages per cm?) inflammation.
Subsequently, a consensus score between the independent researchers was determined.
An acceptable consensus score was predefined as 60%. It was pre-defined that all samples
would be re-assessed with a senior pathologist if the consensus was less than 60%.

MRI protocol and Image evaluation of the sciatica trial

MRI scans were performed at baseline by a 1.5 Tesla scanner, and both sagittal T1- and
T2-weighted images of the lumbar spine were obtained. T1 images were gathered with
contrast-enhanced gadolinium dithylenetriamine penta-acetic acid [DTPA] at a standard
dose of 0.1 mmol/kg body weight. Image evaluation of Modic changes was according to the
criteria of Modic changes et al[19, 20]. Image evaluation was done according to a predefined
protocol (Supplementary Table S1)[21].MRIs were evaluated by 2 neuro radiologists and
1 neurosurgeon. All three were blinded to histological data and clinical information. The
readers were not involved in the selection or treatment of the patients included. Inter-
observer agreement analyses regarding the MRI findings were published earlier [22, 23].
For the statistical analyses, the majority opinion of the three independent researchers
(answered by at least two of the three) was used.

The structure enhancement by gadolinium were scored in the following categories: 1.
Enhancement of herniated disc: no or little enhancement, full or diffuse enhancement. 2.
Enhancement of target nerve root: enhancement versus no enhancement. Regarding Modic
changes, Type was scored as: 1, 2, or 3. Because in earlier findings no Modic changes were
observed at level L1-L2 [24], only images from L2-L3 through L5-S1 were evaluated.

The inter-observer agreement was substantial for the Modic changes (69-97%), as described
by el Barzouhi (2014) [25]. The inter-observer agreement was moderate regarding the
scoring of enhancement of the herniated disc (56.2%, kappa = 0.42). Enhancement of the
target nerve root inter-observer agreement was moderate (63.4%, kappa = 0.27).

Statistical analysis

Firstly, we correlated gadolinium enhancement with the presence of Modicchanges. Secondly,
the categorized histological findings were associated with gadolinium enhancement of the
nerve root and herniated disc. In addition, we repeated the analyses separately in patients
with and without Modic changes. All comparisons were done using X? tests for categorical
data. P-values of < 0.05 were regarded as significant.

Preceding this additional subgroup analysis, the data was tested for an association between
Modic type 2 changes and inflammation, no association was found (p = 0.68), a more
detailed description was previously described [17]. All comparisons were done using X? tests
for categorical data. P-values of < 0.05 were regarded as significant.
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Results

Demographics

Of the 180 patients that underwent surgery, 119 patients disc samples were preserved
and analyzed. Missing samples were due to multiple reasons: samples were either not
collected during surgery, got lost after surgery, were not preserved properly, or got lost
after preservation. 96 of the 119 patients received gadolinium enhanced MRI’s. The baseline
characteristics age, gender, BMI and duration of sciatica prior to surgery of the three
inflammation groups were comparable (Table 1).

The histological data analysis

CD68 staining to identify macrophages resulted in the following distribution: 47 (39.5%)
patients had 0-10 macrophages per cm?indicating mild inflammation), 45(37.8%) patients
had 10-100 macrophages per cm?{ indicating moderate inflammation), and 27 (22.7%)
patients had >100 macrophages per cm? lindicating considerable inflammation) (Table
2).The consensus score was excellent (0.96). (Table 2). Examples of the CD68 samples and
their categories are shown in Figure 1.

The MRI data analysis

Of the 119 patients, a total of 1 patient showed Modic type 1 changes, 33 patients Modic
type 2 changes, no patients Modic type 3 changes, and 85 patients had no Modic changes.
Because only one patient showed Modic type 1 changes, this sample was excluded from the
statistical analyses and thus only Modic type 2 changes were taken into account. Out of the
96 patients with gadolinium enhanced MRI’s, 26 showed gadolinium enhancement of the
root, and 74 showed gadolinium enhancement of the herniated disc.

Association between Modic changes and gadolinium
No significant associations were found between the presence of Modic type 2 changes and
enhancement of the nerve root (p = 0.51) or herniated disc (p = 0.61) (Table 3).

Association between inflammation and gadolinium

The degree of inflammation by macrophages was not associated with enhancement of nerve
root in the entire population (p = 0.66), and neither in the subgroups (no Modic changes p
=0.90 and for Modic Type 2 changes p = 0.66) (Table 4). Enhancement of the herniated disc
was also not associated with the degree of inflammation in the entire population (p = 0.30)
or in the subgroups (no Modic versus Modic Type 2 changes) (Table 5).
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Discussion

The most important finding of this study is that gadolinium enhancement assessed on MRI
is not associated with disc inflammation by macrophages. This indicates that gadolinium
enhancement is probably unreliable as a marker tool for inflammation in sciatica.

In contrast with previous literature, the expected association between histologically
defined inflammation by macrophages and gadolinium enhancement on MRI was not
observed in this study. This questions the reliability of gadolinium as a proper indicator for
disc inflammation, as it was suggested earlier [14, 15]. In addition, we did not observe an
association between gadolinium enhancement and the presence of Modic type 2 changes,
which is also in contradiction with previous research in which an increase of enhancement
was found in patients with Modic changes [26]. However, in that study the investigators did
not make any difference between type 1 and 2 Modic Changes [26]. The correlation might
not have been caused by Modic type 2 but by Modic type 1, or that gadolinium enhancement
is not sensitive enough to point out the difference in vascularization in patients with and
without Modic changes. As we also did not observe an association between gadolinium
enhancement and histologically defined inflammation by macrophages, we expect the latter
to be more likely [26].

Our findings may be explained by the great inter-observer variability among the evaluators
with respect to gadolinium enhancement. This indicates that it is often unclear in which
enhancement category a sample fits best. the fact that most other MRI parameters
that were observed during this study demonstrated a good to excellent inter-observer
agreement[22, 23, 27], makes it more likely that the poor inter-observer agreement was due
to visibility of gadolinium instead of the incompetence of the evaluators. However, before
we conclude that gadolinium is unreliable as an imaging tool in disc herniation, we must
take the possibility into account that the lack of associations was due to methodological or
equipment reasons. This stresses the importance of replication studies.

This study has several strong points. For the histological analysis we used multiple evaluators
and demonstrated substantial consensus score. Moreover, this study was the first study
to compare histology to gadolinium enhancement between patients with and without
Modic type 2 changes. This study also has some limitations. the inter agreement analysis
of gadolinium revealed only moderate kappa values, which points out that human error
remains an obstacle in the present research environment that has yet to be overcome. The
samples used for the pathological analysis were old, which might have reduced their quality.
Nevertheless, the CD68 staining did show properly identifiable macrophages. Hence we
assume that the age of the sample did not alter our result. Also, since this study measured
the degree of inflammation in number of macrophages, it cannot be out ruled that T or
B lymphocytes would associate differently with gadolinium enhancement. However,
previous findings have shown that macrophages are the main type of inflammatory cells
found in discus samples [28] [14], and macrophages in disc material are associated with
neovascularization [14], we do not expect T and B lymphocytes to associate differently with
gadolinium enhancement.
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This study points out the limited and now contra dictionary evidence available on the
reliability of gadolinium enhancement as an indicator for inflammation in patients with
sciaticadue to alumbar disc herniation [14, 15, 20]. In order to put our findings in perspective,
future studies should focus on evaluating the usage of gadolinium in disc herniations.
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Appendix

Table 1. Baseline characteristics of the three histologically defined inflammation groups

Mild moderate considerable
(N=48) (N=45) (N=27)
Age 40.449.6 42.1+10.3 43.746.6
Male gender 36 (75.0%) 28 (62.2%) 22 (81%)
Body-mass index 26.0+4.1 25.843.5 25.9+3.2
Duration of sciatica in weeks 9.6%1.9 9.7+2.3 8.7+2.1
Received gadolinium 37 (77.1%) 40 (88.9%) 19 (70.4%)

Values for gender are n and (%) or means + SD.
No significant baseline differences were observed between the three inflammation groups.

Table 2. Consensus score of the pathological findings

Avs.B
% agreement
Inflammation at baseline (3 categories) 95.8
Mild 96.8
Moderate 94.6
considerable 96.2

A and B both represent independent observers. The agreement was assessed after the consensus reading.

Table 3. Association between Modic changes and gadolinium enhancement of the herniated disc

X? test No MC Mc2 P value
(N=67) (N =26)

Nerve root enhancement 0.51

¢ No enhancement 47 (70.1%) 20 (76.9%)

e Enhancement 20 (29.9%) 6(23.1%)

X? test No MC Mc2 P value
(N =67) (N =26)

Disc herniation enhancement 0.61

¢ No or little enhancement 42 (63.6%) 18 (69.2%)

e Full or diffuse enhancement 24 (36.4%) 8 (30.8%)

95 of 96 Gd-MRI’s were scored for MC 2 changes. X? tests for no MC vs MC2 compared to enhancement of the nerve
root and herniated disc.
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Table 4. Association between gadolinium nerve root enhancement and inflammation for all patients and separately
for patients with and without Modic changes

X? test (All patients) Mild Moderate Considerable P value
(N=37) (N =40) (N=19)

Nerve root enhancement 0.66

* No enhancement 25 (67.6%) 30 (75%) 14 (77.8%)

e Enhancement 12 (32.4%) 10 (25%) 4(22.2%)

X? test (without MC*) Mild Moderate Considerable P value
(N =28) (N=27) (N=12)

Nerve root enhancement 0.90

¢ No enhancement 19 (67.8%) 19 (70.4%) 9 (75%)

e Enhancement 9 (32.2%) 8(29.6%) 3 (25%)

X? test (with MC2 changes**) Mild Moderate Considerable P value
(N=9) (N=12) (N=6)

Nerve root enhancement 0.66

¢ No enhancement 6 (66.7%) 10 (83.3%) 4 (80%)

e Enhancement 3(33.3%) 2 (16.7%) 1(20%)

X2 tests for mild vs moderate vs considerable inflammation compared to enhancement of the nerve root. First in all
patients, then in patients without MC and last in patients with MC2.

* One value missing for patients without MC, in the moderate inflammation group.

** One value missing for patients with MC2, in considerable inflammation group.

Table 5. Association between gadolinium enhancement of the herniated disc and inflammation for all patients, and
separate for patients with and without Modic changes

X? test for all patients Mild Moderate Considerable P value
(N=37) (N =40) (N=19)

Disc herniation enhancement 0.30

* No or little enhancement 20 (55.6%) 29 (72.5%) 12 (66.7%)

e Full or diffuse enhancement 16 (44.4%) 11 (27.5%) 6(33.7)

X? test (without MC*) Mild Moderate Considerable P value
(N =28) (N=27) (N=12)

Disc herniation enhancement 0.60

e No or little enhancement 16 (57,1%) 19 (70.4%) 7 (63.6%)

o Full or diffuse enhancement 12 (42.9%) 8(29.6%) 4 (36.4%)

X? test (with MC2 changes**) Mild Moderate Considerable P value
(N=9) (N=12) (N=6)

Disc herniation enhancement 0.45

¢ No or little enhancement 4 (50%) 10 (83.3%) 4 (66.7%)

e Full or diffuse enhancement 4 (50%) 2 (17.7%) 2 (33.3%)

X? tests for mild vs moderate vs considerable inflammation compared to enhancement of the nerve root. First in all
patients, then in patients without MC and last in patients with MC2.

* Disc bulging was scored once in the considerable inflammation group.

** Disc bulging was scored once in the mild inflammation group.
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Figure 1. Macrophage infiltration categories

mild _ merate v consjderale

Examples of mild (0-10 macrophages per cm?), moderate (10-100 macrophages per cm?), and considerable (>100
macrophages per cm?) inflammation.

Figure 2. Example of gadolinium enhancement

A patient who showed circumferential gadolinium enhancement of a disc herniation at level L5-S1.
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Supplementary appendix

Table S1. MRI study variables (gadolinium)

MRI variable Type Categories
Disc level that most Disc level 1.1213
likely caused the 2.13L4
lumbosacral radicular 3. L4L5
syndrome of the patient 4. 1551

5. Not applicable, all disc levels have a normal disc
contour: no disc extension beyond the normal margins of
the intervertebral disc space at any disc level

Disc contour at this disc
level

1. Normal: no disc extension beyond the normal margins
of the intervertebral disc space

2. Bulging: presence of disc tissue circumferentially (50-
100%) beyond the edges of the ring apophyses

3. Consideration of a disc herniation: localized
displacement of disc material beyond the normal margins
of the intervertebral disc space

Certainty about the
presence of a disc
herniation

1. Definite about the presence: no doubt about the
presence

2. Probable about the presence: some doubt but
probability > 50%

3. Possible about the presence: reason to consider but
probability < 50%

4. Definite about the absence: no doubt about the absence
of a disc herniation.

If a herniation at the
disc level is considered

Gadolinium
enhancement of the
intervertebral disc
herniation

1. No enhancement

2. Any edge enhancement

3. Complete circumferential enhancement
4. Diffuse staining

Nerve root compression

Probability of nerve root
compression

1. Definite about the presence: no doubt about the
presence

2. Probable about the presence: some doubt but likelihood
>50%

3. Possible about the presence: reason to consider but
likelihood < 50%

4. Definitely no nerve root compression

If nerve root
compression is present,
which nerve root is
affected

1.13 2. 14
3.L5 4.51
5. Not applicable, definitely no nerve root compression

Side nerve root
compression

Right
Left

Gadolinium
enhancement of the
affected nerve root

No enhancement
Yes, mild enhancement
Yes, considerable enhancement

Nerve root thickness
distal to the site of
compression

Normal
Thickened
Narrowed

Ladindi ol 10 = |
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Table S2. MRI study variables (Modic changes)

Disc level

Variable

Category

Disc level with the
most severe nerve
root compression

Disc level

1. Not applicable: no nerve root compression
2.12L33.13L4
4. 415 5. L5S1

Disc contour at this level

1. Bulging: presence of disc tissue circumferentially (50-
100%) beyond the edges of the ring apophyses

2. Herniation: localized displacement of disc material
beyond the normal margins of the intervertebral disc
space

Certainty about the
presence of disc herniation

1. Definite about the presence: no doubt about the
presence

2. Probable about the presence: some doubt but
probability > 50%

3. Possible about the presence: reason to consider but
probability < 50%

4. Definite about the absence: no doubt about the
absence

Loss of disc height at this
level

1. Yes 2. No

Signal intensity of nucleus
pulposus on T2 images at
this level

1. Hypointensity
2. Normal
3. Hyperintensity

Certainty about the
presence of nerve root
compression

1. Definite about the presence: no doubt about the
presence

2. Probable about the presence: some doubt but
probability > 50%

3. Possible about the presence: reason to consider but
probability < 50%

4. Definite about the absence: no doubt about the
absence

Spinal canal stenosis

1. Yes 2. No

Disappearance of epidural
fat

1. Completely disappeared
2. Partly disappeared 3. No disappearance

Presence of vertebral
end plate changes and its
extent

1. No VESC (Vertebral Endplate Signal Changes)
2. VESC type 1: hypointense on T1-weighted sequences
and hyperintense on T2-weighted sequences

3. VESC type 2: increased signal on T1 weighted sequences

and isointense or slightly hyperintense signal on T2
weighted sequences

4. VESC type 3: hypointense both on T1- and T2-weighted

sequences
5. VESC type 1 and 2

GADOLINIUM ENHANCEMENT IS NOT ASSOCIATED WITH DISC INFLAMMATION
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