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Abstract

BACKGROUND CONTEXT: Dural ectasia is widening of the dural sac often seen in patients
with Marfan syndrome and other hereditary connective tissue disorders. Dural ectasia can cause
specific symptoms and is associated with surgical complications. The knowledge on how and at
which age dural ectasia develops is incomplete. There is no established gold standard for diagnos-
ing dural ectasia, making it difficult to compare results from different studies.

PURPOSE: Our primary aim was to explore whether the radiological findings of dural ectasia
changed after 10 years in an adult cohort with suspected Marfan syndrome. Our secondary aim was
to re-evaluate the radiological criteria of dural ectasia.

STUDY DESIGN: Prospective cohort study.

PATIENT SAMPLE: Sixty-two persons from a cross-sectional study of 105 persons with sus-
pected Marfan syndrome were included in a 10-year follow-up of dural ectasia. Forty-six were
diagnosed with Marfan syndrome, 7 with Loeys-Dietz syndrome, and 5 with other hereditary con-
nective tissue disorders. For comparison 64 matched hospital controls were evaluated.
OUTCOME MEASURES: Previously used radiological criteria for dural ectasia based on quanti-
tative measurements of the lumbosacral spine.

METHODS: MRI of the lumbosacral spine was performed if not contraindicated, and if so then
CT was performed. Differences in the study group between baseline and follow-up were assessed
with paired Student # test, Wilcoxon rank signed test, and McNemar test. Receiver operating char-
acteristic curves were constructed to assess the ability of radiological measurement to differentiate
between the study and control group.

RESULTS: Fifty-two of 58 patients with hereditary connective tissue disorders and 11 controls had
dural ectasia at follow-up. Forty-five Marfan patients had dural ectasia at follow-up vs. 41 at baseline.
Five Loeys-Dietz patients had dural ectasia at follow-up vs. four at baseline. Twenty-four Marfan and
2 Loeys-Dietz patients had anterior sacral meningocele at follow-up, compared with 21 and 1, respec-
tively, at baseline. Three Marfan patients developed herniation of a nerve root sleeve during follow-up.
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This was not seen in other individuals. The dural sac ended significantly lower at follow-up, and the
dural sac ratio at level L5 was significantly increased from baseline in the Marfan patients.
CONCLUSIONS: In Marfan and Loeys-Dietz syndrome, dural ectasia may present or worsen dur-
ing adulthood. The cut-off value of dural sac ratio at level S1 is suggested elevated to 0.64. The
results from the present study may help as guidance for appropriate follow-up of patients with dural
ectasia. © 2019 The Authors. Published by Elsevier Inc. This is an open access article under the
CC BY-NC-ND license. (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Introduction

Throughout the last decades, several different hereditary
connective tissue disorders (HCTD) have been described,
and a broad spectrum of genes have been identified in
which mutations cause HCTD [1]. Marfan syndrome
(MFES), Loeys-Dietz syndrome (LDS), and Ehlers-Danlos
syndrome are three out of many HCTD that share clinical
features, and dural ectasia (DE) is a common finding in all
three syndromes [2]. DE is widening of the dural sac or spi-
nal nerve root sleeves, usually associated with bony ero-
sions of the posterior vertebral body [3]. There is lack of
knowledge on how and at which age DE develops in
patients with HCTD, and no unified gold standard for
diagnosing abnormal widening of the dural sac has been
established.

MES is an autosomal dominant connective tissue disor-
der that affects multiple organ systems such as the heart,
blood vessels, lungs, muscles, skeleton, eyes, and integu-
ment. The prevalence is estimated to be 1.5 to 17.2 per
100,000 [4,5]. More than 1,800 different disease-causing
mutations are found in fibrillin-1 (FBN1) according to the
UMD-FBNI1 mutations database [6]. The expressivity of
MES shows great variation, even among relatives with the
same known disease-causing mutation [7,8].

So far, most attention has been given to the cardiovascu-
lar manifestations as they are associated with high morbid-
ity and mortality if undetected or not properly treated. A
common cardiovascular feature is dilation of aorta which
can lead to aortic dissection and risk of aortic rupture [7,9].

The prevalence of DE in adults diagnosed with MFS
varies according to the chosen method for dural assessment
[10]. In a study of DE in 150 patients with a mutation in
FBNI [10], the prevalence of DE was 89% with the criteria
of Oosterhof [11] and Habermann [12], 83% with Fattori
[13], 78% with Lundby [14], and 59% with Ahn [15]. Few
studies have followed groups of MFS patients for a longer
period, and to our knowledge only one report is published on
a MFS cohort examined for DE 10 years after the first exami-
nation [16]. DE is said to cause chronic lower back pain and
radiculopathy [17—19], and DE is associated with postural
headache related to spontaneous spinal cerebrospinal fluid
leaks [20—23]. Complications of DE are reported to com-
prise fixation failure during spine deformity corrective

surgery [24] and inadequate spinal anesthesia [25,26]. That
anterior sacral meningoceles can mimic ovarian cysts is also
a potential cause of complications [27—29].

In the study presented in this paper, we performed a 10-
year follow-up in 2014 to 2015 based on the cohort first
examined in 2003 to 2004, using the same method as at
baseline [14]. The assessment of DE was based on the pres-
ence of at least one of the following four findings: (1) ante-
rior sacral meningocele (AM), (2) herniation of one or
more of the nerve root sleeves, (3) dural sac diameter
(DSD) at S1 or inferior>DSD at level L4, and (4) dural sac
ratio (DSR) at S1>0.59.

The primary aim of our study was to gain new informa-
tion on how DE develops in adults with MFS by re-investi-
gating the morphology of the lumbosacral spine. We
hypothesized that DE may increase during a time span of
10 years. Our secondary aim was to re-evaluate the diag-
nostic criteria of DE, by analyzing the DSR cut-off value.

Materials and methods

The follow-up study was approved by the Regional com-
mittees for Medical and Health Research Ethics, South
East, Norway, registration number 2013/2109. All partici-
pants gave their informed consent. All the participants were
18 years or older when included at baseline.

Study population

In 2003 to 2004, 105 adults (>18 years) with presumed
MFES were recruited to a Norwegian cross-sectional study
on MFS [30]. At baseline, a case-control study of the preva-
lence of DE and characteristics of the lower lumbar and
sacral spine were carried out [14]. In 2014 to 2015, a 10-
year follow-up study of the prevalence of DE and character-
istics of the lower lumbar spine were performed. Eighteen
of the 105 participants recruited in 2003 to 2004 had died
before the end of inclusion at follow-up in December 2015.
Of the 87 survivors, 62 individuals gave their informed con-
sent for participation, 42 women; mean age 49.2412.5,
range 31 to 80 years and 20 men; mean age 44.01+8.9 years,
range 30 to 65 years. Two patients had at baseline under-
gone fixation of the spine due to scoliosis, one was reoper-
ated during the follow-up period. Two patients underwent
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fixation of the spine during the follow-up, one due to scolio-
sis, the other due to listhesis. The surgery was not consid-
ered to affect dura. Four persons from the study group of 62
were excluded from further analyses, because of no clinical
or molecular indication of HCTD. The diagnoses of the 58
study patients were reassessed in 2016, based on clinical
features and genetic testing. According to the reassessment
46 had MFS [2], 7 LDS (1 LDS1, 5 LDS2, and 1 LDS3), 1
congenital contractural arachnodactyly, 3 hypermobile
Ehlers-Danlos syndrome, and 1 familial ectopia lentis.
Only the MFS and LDS patients were analyzed statistically
due to low numbers of patients diagnosed with other
HCTD. For the other diagnoses, the results are shown as
counts in Table 2.

Control population

A new control group was found for the 10-year follow-up
study. As in the primary case-control study of DE in MFS
[14], the controls were chosen from the pool of patients in
the PACS at our institution by reviewing patients screened
for metastases or multiple sclerosis 2006 to 2016. The
selected cases were sorted after examination date, and the
candidates were collected according to the following criteria:
sex- and age-matched individuals asymptomatic with respect
to the lumbosacral spine and without any known HCTD or
compression fractures. With few exceptions, the controls
were within 5 years of age of the study patients, and the
mean and the median age matched the study group.

The control group included 64 individuals, 37 women;
mean age 44.8£10.2 years, range 30 to 72 years, and 27
men; mean age 44.7+£12.3 years, range 20 to 68 years.

Imaging of the study group

A 1.5 T MRI of the lumbosacral spine was performed
unless contraindicated, then CT was obtained. Of the 62
study patients, 59 had MRI at baseline and/or at 10-year fol-
low-up; of these 49 had MRI at both occasions, 57 had MRI
at baseline and 51 at 10-year follow-up. MRI of the study
patients was performed with a 1.5 T unit (Magnetom
Avanto, Siemens, Erlangen, Germany). The imaging proto-
col included sagittal T1-weighted (TE/TR=10/474) and T2-
weighted (TE/TR=84/2,300) turbo spin echo sequences
with slice thickness 4 mm. T2-weighted sequences were
also obtained in the coronal plane and in axial planes angu-
lated parallel to the three lower lumbar intervertebral discs.

CT investigations were performed with a Somatom Sen-
sation 16 scanner (Siemens, Erlangen Germany). Axial,
sagittal, and coronal MPR reconstructions with 5 mm slice
thickness were obtained.

Imaging of the control group

MRI of the controls was performed at different 1.5 T
MR units at our institution with sagittal T1- and T2-
weighted turbo spin echo sequences.

Measurements and definitions

For each subject, the diagnosis of DE was defined as
presence of one or more of the following four findings:
AM, one or more dural sac nerve root sleeve herniations,
DSD at level S1 or inferior (DSD sacrum)>DSD at level
L4 and DSR at S1>0.59. These are the same criteria used
for establishing the DE diagnosis in the case-control study
at baseline [14]. AM was defined as a herniation of the
dural sac through a defect in the anterior surface of the
sacrum or when the sacral meninges were herniating anteri-
orly into the pelvis through an expanded foramen [31]. Her-
niation of a nerve root sleeve, a lateral meningocele, was
defined as a wide nerve root sleeve throughout the interver-
tebral foramen ending in a pouch. Lumbosacral anteropos-
terior vertebral body diameter was measured at levels L3
through S1. The measurements were done halfway between
the superior and inferior endplates and perpendicularly to
the long axis of the vertebral body. DSD were measured
from level T12 to the inferior end of the dural sac. The
measurements were done halfway between the superior and
inferior endplates and perpendicularly to the long axis of
the spinal canal. All the measurements were obtained in the
midsagittal plane. DSRs were calculated as quotients of the
DSD to the anteroposterior vertebral body diameter (VBD)
halfway between the superior and inferior endplates at lev-
els L3—S1, (DSR=DSD/VBD). Presence of DSD at level
S1 or inferior greater than DSD at level L4 was noted.

AM and nerve root sleeve herniations were assessed
with respect to presence and increase in size. The endpoint
of the dural sac was registered.

All measurements of the study patients at baseline were
performed in Sectra PACS, version IDS5. All measure-
ments of the controls at baseline were done in Agfa PACS
(unknown version). All measurements at 10-year follow-up
were done in Sectra PACS, version 18.1.1 IDS7.

Evaluation

All imaging studies at 10-year follow-up were evaluated
by one musculoskeletal radiologist (TB) and one neuroradi-
ologist (RL) in consensus. Both readers were unaware of
the clinical status of the study patients but not blinded to
which group (study or control) the patients belonged.

Statistical analysis

Continuous data were described as mean, standard devi-
ation, and range (ie, minimum-maximum), and categorical
data were described as number of observations and percent-
age. Differences in the study group between baseline and
follow-up were assessed with paired Student ¢ test for con-
tinuous data, Wilcoxon rank signed test for discrete data,
and McNemar test for categorical data. Differences in the
two control groups were assessed with independent ¢ test
for continuous data, Mann-Whitney U test for discrete data,
and chi-square test for categorical data. A scatterplot was
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made to illustrate association between radiological meas-
urements in the study and control group in comparison with
age. Receiver operating characteristic (ROC) curves were
constructed to assess the ability of radiological measure-
ment to differentiate between the study and control group.
Cut-off values with given sensitivity and specificity were
derived from the ROC curves.

All statistical analyses were performed by using the Sta-
tistical Package for the Social Sciences, Version 24.0 (IBM
SPSS Statistics).

Results

To compare measurements done in the former and the
present PACS, the measurements were repeated in the new
PACS in 20 of the study patients who had MRI at baseline.
There was a small but significant change in some of the
absolute measurements between the two systems. There
were however no significant differences in ratios.

The characteristics and measurements in the patient
groups and controls at baseline and follow-up are shown in
Table 1.

1415

Mean changes in DSR from baseline to follow-up
were analyzed for levels L3—S1. At level L5, there was
a significant increase of 0.028 (p=.02) in the MFS
patients.

The relationships between DSR L5 and age in patients
with MFS and in controls are shown in Fig. 1.

The inferior end of the dural sac had a significantly
lower position at follow-up compared with baseline in MFS
patients. Only MFS patients had dural sacs ending inferior
to S3, but the number of patients with dural sac ending infe-
rior to S3 was unchanged. Few controls had dural sac end-
ing lower than S2.

Findings pertinent to the diagnosis of DE are shown in
Table 2.

Only patients diagnosed with MFS and LDS had AM.
During the 10-year follow-up period, eight of the MFS
patients developed AM, or had increased size of their AM
(p=-005; Fig. 2).

Only MFS patients developed herniation of one or more
nerve root sleeves during the follow-up period (Fig. 3), but
there was no significant difference from baseline. In the
control group at baseline, one individual had herniation of

Table 1
Characteristics of patients with MFS, patients with LDS, and controls at baseline and follow up
Controls
MEFS LDS Controls B Controls F HCTD
N=46 N=7 N=101 N=64 compared with
Characteristics 33 (72%) 4 (57%) 64 (63%) 37 (58%) Controls F
Females N (%) Baseline Follow-up P Baseline Follow-up  Baseline Follow-up P p
Age
mean+SD 39.3£11.8 50.1£11.5 30.1£9.0 40.9+9.1  39.6x12.9 44.8+11.1
Median 38.0 49.5 29.0 41.0 40.0 44.0
DSRL3
mean+SD 0.504+0.11 (2) 0.51£0.11 (1) 0.44+0.06 0.46+0.10 0.46+0.07 0.4140.07
mean difference* 0.00007 995 0.1757 —0.04640 <.001 <.001
95% CI1 (—0.023-0.023) N=43 (—0.043-0.078) (—0.069 to —0.024)
DSR L4
mean+SD 0.494+0.10 (3) 0.51£0.11 (1) 0.42+0.06 0.454+0.08 0.434+0.07 0.40+0.07
mean difference* 0.01751 .087 0.02986 —0.03320 .004 <.001
95% CI1 (—0.003—-0.038) N=43 (—0.005 to 0.065) (—0.056 to —0.011)
DSRLS
mean+SD 0.594+0.16 (4) 0.62+0.15 (1) 0.424+0.11 0.474+0.11 0.4240.08 0.40+0.07
mean difference* 0.02777 .019 0.05040 —0.02055 102 <.001
95% CI1 (0.005—-0.051) N=42 (—0.020 to 0.121) (—0.045 to 0.004)
DSR S1
mean+SD 1.024+0.81 (6)  0.99+0.40 (2) 0.584+0.24 (2) 0.59+£0.23 0.41+£0.13(5) 0.46£0.11 (1)
mean difference* —0.05365 .596 0.09674 0.04715 021  <.001
95% CI1 (—0.257 t0 0.149) N=40 (—0.008 to 0.202) (0.007—-0.087)
Inferior end DS 2) () 0.046
S1 4 (8.7%) 3(6.5%) 2 (28.6%) 2(28.6%) 22 (21.8%) 13 (20.3%)
S2 21 (45.7%) 20 (43.5%) 2 (28.6%) 0 (0%) 68 (67.3%) 46 (71.9%)
S3 11(23.9%) 14 (30.4%) 3 (49.9%) 5(71.4%) 11 (10.9%) 4 (6.3%)
S4 6 (13%) 6 (13%) 0(0%) 0 (0%) 0 (0%) 0 (0%)
S5 2 (4.3%) 2 (4.3%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

HCTD = hereditary connective tissue disorders; MFS =Marfan syndrome; LDS =Loeys-Dietz syndrome. B =baseline; F=follow-up; p=p value;
DS =dural sac; DSR = dural sac ratio.
Whole numbers in parentheses: missing cases, not given if no missing cases.
* mean difference=Follow up—baseline.
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Fig. 1. Relationship between age and DSR at level L5 in patients with MFS and in controls.

nerve root sleeves; none of the controls in the follow-up had
this finding.

There was no significant increase in the number of
patients with DSD sacrum>DSD L4 and no significant dif-
ference between the two control groups.

Compared with baseline, DSR S1>0.59 was present in
more MFS and LDS patients at follow-up, but the increase
in numbers was not significant. For this finding, there was
no significant difference between the controls at baseline
and the controls at follow-up.

Based on the criteria for DE recommended by Lundby et
al. [14], there was an increase in the number of patients
diagnosed with DE at follow-up, but the change was not
significant. According to the same criteria, 12.9% of the
controls in the baseline study and 17.2% of the controls in
the follow-up study had DE.

In all the controls, except one at baseline who had herni-
ation of a nerve root sleeve, the diagnosis of DE was depen-
dent on either DSD S1>DSD L4 or DSR S1>0.59. To
evaluate the discriminative ability of DSR, an ROC analy-
sis of DSR L3—S1, comparing MFS patients and controls at
follow-up, was performed (Fig. 4). The best results were
obtained for DSR L5 (area under the curve (AUC) 0.93)
and DSR S1 (AUC 0.94).

Discussion

The results of the present study support the finding of
Sheikhzadeh et al., who concluded that DE is frequent in
patients with FBNI mutations irrespective of age [10]. In
the previous diagnostic criteria for MFS from 1996 [32],

DE counted as a major criterion, but in the revised criteria
from 2010 less emphasize is put on DE [2]. Accordingly,
Sheikhzadeh et al. concluded from their study of 150 FBNI
mutation positive patients that DE showed an impact on the
final diagnosis of MFS only when the previous diagnostic
criteria for MFS from 1996, and not the revised criteria
were applied.

Although not significant, we found that DE may appear in
adulthood, implying an age-dependent penetrance of the fea-
ture (Fig. 1). Four out of 46 (p=.125) MFS patients and 1 out
of 7 (p=1.00) LDS patients developed DE during the 10-year
follow-up period (Table 2), supporting the conclusion from
Sheikhzadeh’s study that individuals diagnosed with FBNI
mutations can develop increased widening of the lower dural
sac as well as documenting the same event in LDS.

The results of the present study also support the finding
of Sheikhzadeh et al. that the severity of DE in patients
with FBNI mutations may increase with age (Fig. 1). In the
only follow-up study of DE in patients with MFS, we have
found in the literature, by Mesfin et al., no progression of
DE was observed 10 years after the first examination [16].
The differences in the findings in our study compared with
Mesfin et al. may be explained by a larger cohort with a
wider age span in our study. While all MFS patients in our
cohort had a mutation in FBNI, the patients’ mutational sta-
tus was not reported in the study by Mesfin et al.

While observing a nonsignificant increase in the number
of MFS patients having DE during the 10-year follow-up
period, a significant increase in the number that developed
or had increased size of their AM was found. We found that
three of the MFS patients developed AM and five had an



Table 2

Prevalence of enlarged dural sac signs at baseline and follow-up in patients and controls

Control groups

=58

Hereditary connective tissue disorders N:

Controls compared

LDS3 hEDS CCA EL Controls B Controls F
n=1

LDS2

LDSI

MEFS

n=64

n=101

1

n=

n=3

n=46

P

Follow-up

Baseline

F

B

Follow-up

Baseline

Criteria

1.000
426
454

250
453
1.000

24;52.2%

38; 82.6%

21;45.7%
35;76.1%

Ant. meningocele

1;1.0%
5;5.0%

0

1

0

DSD sacr.>DSD L4

Herniation>1 n.r.s.
DSR S1>0.59

5;7.8%
8;12.5%

1

26 (1); 56.5%
41(2);89.1%
33(2); 71.7%
37 (2); 80.4%

45;97.8%

25 (3); 54.3%
34 (6); 73.9%
27 (6); 58.7%
34 (6); 73.9%
41; 89.1%

334
1.000
821
339

10;9.9%

250

DSR S1>0.72

625
1.000

DSR S1>0.64

3;4.7%

4; 4%

0

1

1

DE Lundby criteria

DSR>0.59

11;17.2%

13;12.9%

125
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.640

5;7.8%

6;5.9%

1

43;93.5% 125

39; 84.8%

DE Lundby criteria
DSR S1>0.72*

DE Lundby criteria

DSR S1>0.64'

7, 10.9% 668

8;8.9%

1

1

1.000

43;93.5%

41; 89.1%

MEFS, Marfan syndrome; LDS1, Loeys-Dietz syndrome type 1; LDS2, Loeys-Dietz syndrome type 2; LDS3, Loeys-Dietz syndrome type 3; hEDS, Ehlers-Danlos syndrome hypermobile type; CCA, congeni-

tal contractural arachnodactyly; EL, familial ectopia lentis; B, baseline; F, follow-up; p, p value; n.r.s.: nerve root sleeve.

Whole numbers in parentheses: missing cases, not given if no missing cases.
* Dural ectasia according to Lundby criteria but with DSRS1>0.72.
T Dural ectasia according to Lundby criteria but with DSRS1>0.64.

increased size of their AM, which is a significant change
(p=-005). To our knowledge, this has not been described in
a follow-up study previously. This finding supports the the-
ory that DE can evolve into a more severe form during
adulthood [10]. AM is a pathologic finding that may be a
presentation of grave DE. AM has not been reported in a
normal population [14,33], which is in line with no findings
of AM in the control group in the present study. We con-
sider AM to be relatively specific for HCTD, but AM can
also be found in other conditions such as Currarino syn-
drome, neurofibromatosis type I, and ankylosing spondylo-
discitis [34—37]. Further, all patients who developed an
AM fulfilled other criteria for DE both at follow-up and at
baseline. The findings support the theory that cerebrospinal
fluid pressure in the lower end of the dural sac may cause
erosions in the sacrum over time [12,38]. AM was only
found in MFS and LDS patients in our study, which may
imply that these patients have graver DE than patients with
other HCTD.

There was no significant change in the number of
patients with herniation of a nerve root sleeve or DSR
S1>0.59. An interesting observation is that the changes in
these two parameters gave rise to the DE diagnosis in the
patients who developed DE during the 10-year period.

For DSR L5, there was a significant increase from base-
line to follow-up in the MFS patients; this finding supports
the hypothesis that dural ectasia can develop in adulthood.
Our findings in DSR S1 might be interpreted as inconsistent
with the findings in DSR L5, as there was no significant
change of DSR S1 in our cohort, but the DSR S1 was sig-
nificantly higher in the MFS patients at both baseline and
follow-up compared with the control groups. The signifi-
cant difference between the two control groups at this level
reflects that these are independent groups.

Even though only few patients (n=8) had dural sacs end-
ing inferior to level S3, and no change in this number was
observed, the finding is interesting as only MFS patients
with DE were found to have dural sac endings inferior to
S3. This might be a specific, although not very sensitive
indication of DE in MFS. As far as we know, this has not
been reported in a normal population [ 14,33].

No uniform consensus regarding imaging method, crite-
ria, and cut-off values for diagnosing DE has been estab-
lished [11—15,33,39]. In the present study, we found that
the number of individuals diagnosed with DE varied
according to the cut-off value used for DSR S1 (Table 2).
With Oosterhof’s criteria (DSR L5>0.48 and DSR
S1>0.57) approximately 30% of the controls both at base-
line and at follow-up would have been diagnosed with DE.
Oosterhof’s cut-off values for DSR L5 and S1 have previ-
ously been discussed by Lundby [14] and Pierro [33], both
concluded that Oosterhof’s method would give a too high
proportion of a normal population the diagnosis of DE.
Based on their findings in a cohort of 604 adults without
symptoms from the lumbosacral spine, Pierro et al. con-
cluded that the cut-off value for DSR at S1 used by Lundby
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Fig. 2. MRI of a male patient with MFS, 19 years old at baseline, who has developed an anterior sacral meningocele. (Left) sagittal T1 at baseline.
Dural ectasia without anterior sacral meningocele. (Right) sagittal T1 at follow-up. Dura is crossing the anterior sacral cortex consistent with ante-

rior sacral meningocele.

et al., 0.59, was too low and suggested to increase it to 0.72
[33]. When the cut-off value for DSR at S1 was changed to
0.72 in our study, this gave a significant reduction in con-
trols diagnosed with DE. No controls in our study had DSR
S1>0.72, and the ones who still had DE with this cut-off
value (six and five at baseline and follow-up, respectively),
were diagnosed based on other criteria, either herniation of
one or more of the nerve root sleeves or DSD at S1 or infe-
rior>DSD at level L4. Significantly fewer MFS patients
reached the cut-off value of DSR S1>0.72 compared with
0.59 both at baseline (seven, p=.016) and follow-up (eight,
p=.008), which resulted in loss of the DE diagnosis in two
MES patients at baseline and two MFES patients and one
LDS patient at follow-up. Although a cut-off value of 0.72
increases the specificity, it seems to reduce the sensitivity

for the diagnosis of DE. The optimum cut-off value may be
suggested by our ROC analysis (Fig. 4). The best discrimi-
nation between MFS patients and controls was found for
DSR S1, and a cut-off value of 0.64 yielded the best combi-
nation of sensitivity and specificity, with a sensitivity of
84% and a specificity of 95%. Introducing this cut-off value
in our study resulted in no loss of the DE diagnosis at base-
line, but two MFES patients and one LDS patient lost this
diagnosis at follow-up compared with the results with a
cut-off value of 0.59. With the cut-off value of 0.64, 89.1%
and 93.5% of the MFS patients were diagnosed with DE at
baseline and follow-up, respectively, while 8.9% and
10.9% in the two control groups received this diagnosis.
Hence, there was no significant increase in controls having
DE compared with a cut-off value of 0.72 or significant

Fig. 3. MRI of a female patient with MFS, 20 years old at baseline, who has developed herniation of a nerve root sleeve. (Left) sagittal T2 at baseline. No her-
niation seen. (Right) sagittal T2 at follow-up. A nerve root sleeve herniation has become evident (arrow).
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Fig. 4. ROC analysis of DSR at levels L3—S1 for MFS patients and controls at follow-up. The best discrimination between MFS patients and controls is

found at levels L5 (AUC=0.93) and S1 (AUC=0.94).

decrease compared with a cut-off value of 0.59. A threshold
value of 0.64 therefore seems like a reasonable compromise
between sensitivity and specificity. Even though we know
that very few patients rely on the finding of DE for their
MEFS diagnosis, in individual cases, it might be unfortunate
to delay the diagnosis of DE by choosing a cut-off value for
DSR as high as 0.72.

There are some limitations to our study. Our baseline
cohort with suspected MFS turned out to have various
HCTD, but only the MFS group was large enough to allow
definite conclusions with respect to changes during the
10-year period. The second largest group, LDS, was small
and consisted of patients with different mutations. How-
ever, to the best of our knowledge, this is the first 10-year
follow-up report of DE in LDS patients. As many of the
participants in the cohort were related, the results should be
interpreted with caution. Four patients had undergone fixa-
tion of the spine; this could be a confounding variable, but
to omit these individuals would have led to selection bias.
We did not consider the surgery to affect dura, and image
artifacts due to fixation material did not hinder assessment
of DE in the lumbosacral region. The hospital controls at
baseline were neither suitable nor available for re-examina-
tion at the time of follow-up. A new control group therefore
had to be found. The changes in the study group are hence
not parallel to the differences between the two control
groups, thus not comparable. Readings were performed by
two radiologists in consensus; therefore, interobserver

reliability was not tested. However, the method used has
been validated previously [14], and two observers perform-
ing the readings in consensus should result in uniformity.

In the present study symptoms that might have been
caused by DE were not correlated to our findings, this
remains to be explored.

Clinical considerations

Our study and prior reports on DE support the view that
MRI of the lumbosacral spine should be performed in
patients with suspected MFS as a diagnosis of DE may
have clinical consequences. Our findings show that DE can
evolve during adulthood. This indicates that repeated imag-
ing of the lumbosacral spine may be beneficial in patients
with newly acquired symptoms thought to be related to DE,
and in patients prior to spine surgery, spinal anesthesia and
some pelvic interventions [17—29].

Conclusions

An increase in the number of MFS patients diagnosed with
DE as well as with AM was observed after 10 years. All
patients who developed AM had DE at baseline, hence MFS
patients with known DE can develop a more severe form of
DE in adulthood. LDS type 1, 2, and 3 may also have DE and
develop AM in adulthood. According to the current diagnostic
criteria for MFS, DE is one of seven systemic diagnostic fea-
tures, but its diagnosis is hampered by lack of a uniform
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choice of methods and cut-off values. We suggest using the
criteria recommended by Lundby et al. [14], but with a thresh-
old value for DSR S1 raised from 0.59 to 0.64 as a reasonable
compromise between sensitivity and specificity. The results
from the present study may help as guidance for appropriate
follow-up of patients with dural ectasia.
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