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Background: There is sporadic data about the occur-
rence of spinal meningeal cysts in patients with auto-
somal dominant polycystic kidney disease (ADPKD).
We suggest that there is a relationship with the fre-
quency and size of spinal meningeal cysts and head-
ache, intracranial aneurysms, and cerebrospinal fluid
leakage in patients with ADPKD.

Aim: To investigate the relationship with spinal men-
ingeal cyst, cerebrospinal fluid leakage, and headache
in patients with ADPKD.

Study Design: Cross-sectional study.

Methods: We enrolled 50 patients with ADPKD and
37 healthy volunteers. This cross-sectional study in-
cluded patients with ADPKD and matched healthy
volunteers. Magnetic resonance imaging myelogra-
phy was performed using the 3D-T2 HASTE tech-
nique in an MRI scanner. We questioned our subjects
regarding presence of headache and evaluated head-
ache severity using a visual analog scale. The rela-
tionship between the number and size of spinal men-

ingeal cysts with headache, intracranial aneurysms,
and liver cysts was also investigated.

Results: Spinal meningeal cysts were more numer-
ous and larger in patients than in controls (14.8+11.6
vs. 6.4+4.6 cysts respectively, p<0.001, 68.3+49.3 vs.
25.4420.1 mm, p<0.001, respectively). Spinal cyst
number and size were similar in APDKD patients
with or without intracranial aneurysms. Headache
score was correlated with the size and number of spi-
nal meningeal cysts. This was valid only in patients
with ADPKD.

Conclusion: Abnormality involving the vessel wall in
ADPKD may explain the increased number of spinal
meningeal cysts in ADPKD. Moreover, leakage of ce-
rebrospinal fluid secondary to spinal meningeal cyst
may be responsible for recurrent severe headache by
causing spontaneous intracranial hypotension in these
patients.

Keywords: Spinal meningeal cysts, autosomal domi-
nant polycystic kidney disease, headache

Autosomal dominant polycystic kidney disease (ADPKD)
is one of the most common hereditary kidney diseases with a
frequency of 1/400 to 1/1000 (1). It is accepted as a systemic
disease because cysts develop in the kidneys and other organs.

Moreover, connective tissue disorders such as intracranial an-

eurysms, arterial dolichoectasia, heart-valve abnormalities,
and arterial dissections may be seen (1).

Spinal meningeal cysts (SMCs) have been reported in a case
report and case series to be possible extrarenal findings of the

disease (2,3). SMCs are vesicles formed caused by abnormal
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outgrowth from nerve sheaths of the arachnoid and dural sac
and at the roots of spinal nerves. The etiology of the cysts is
not yet fully understood (4). In time, cerebrospinal fluid (CSF)
leaks develop from cysts in spinal meningeal regions in pa-
tients with ADKPD that may lead to spontaneous intracranial
hypotension (SIH), which is deemed as an important cause of
headache in these patients (5). Therefore, SIH may be an etiol-
ogy of headache in patients with ADPKD, in addition to other
causes like intracranial aneurysms.

MATERIALS AND METHODS

Participants

In the present study, we enrolled patients with ADPKD and
healthy volunteers without any systemic diseases who applied
to our department for extremity magnetic resonance imaging
(MRI) because of trauma or pain. All patients gave written
informed consent before MRI procedures. Exclusion criteria
were any contraindications for MRI. The ethics committee of
our institute approved this study.

Study design

In this cross-sectional study we divided the entire spinal
region into three parts (cervical, thoracic, and lumbosacral),
and a 1.5T MRI scanner (Symphony, Siemens; Erlangen, Ger-
many) and 3D-T2 HASTE technique were used for MRI my-
elographic examinations (TR, 8000 ms; TE 100 ms; FOV, 250
ms; matrix size 256x256; thickness of cross-section 80 mm).
Two independent, experienced radiologists examined the im-
ages. Each of the spinal levels was examined bilaterally in
terms of presence of SMCs and the numbers and sizes of cysts.

The presence and severity of headache in the patient and
control groups was assessed by clinicians using visual analog
scales. We asked the patients to score the intensity of their
headaches from 0 to 10 points. Scores from 1 to 3 points were
classified as mild headache, scores from 4 to 7 points were
classified as moderate headache, and scores between 8 and 10
points were classified as severe headache. We performed time-
of-flight MRI angiographic examinations in order to identify
intracranial aneurysms.

Statistical analysis
We used statistical software R version 2.10.1 (R Foundation
for Statistical Computing; Vienna, Austria) in our analyses.
We expressed continuous data as mean + standard deviation
and ordinal parameters as median (minimum-maximum) and
used Fisher’s exact and Pearson’s Chi-square tests to compare
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TABLE 1. Distribution of the regions according to the number of SMCs
in patient group

<Smm  5-10mm 11-15mm 16-20 mm Total
Cervical 124 (15%) 135 (17%) 11 (1%) 270 (33%)
Thoracic 284 (35%) 84 (10%)  5(1%) 1 374 (46%)
Lumbo-sacral 89 (11%) 68 (8%) 12 (1%) 4 173 (21%)
Total 497 (61%) 287 (35%) 28 (3%) 5(1%) 817

TABLE 2. Distribution of the regions according to the number of SMCs
in control group

<5 mm 5-100mm  11-15mm 16-20 mm Total
Cervical 95 (40%) 46 (20%) 141 (60%)
Thoracic 34 (14%) 14 (6%) 2 (1%) 50 (21%)
Lumbo-sacral 35 (15%) 8 (3%) 1 44 (19%)
Total 164 (70%) 68 (29%) 3 (1%) 235

categorical data. We used Student’s t test to compare con-
tinuous variables and the Mann-Whitney U test to compare
ordinal variables. We performed correlation analyses with
Pearson and Spearman correlation coefficients for continuous
and ordinal variables as needed, and provided p-values for the
null hypothesis of correlation being zero. We considered the
strength of correlation when r was 0.1-0.3 as weak, 0.4-0.5 as
moderate, and >0.5 as strong. We considered the results sig-
nificant when p values were less than 0.05.

RESULTS

Fifty patients with ADPKD (21 men and 29 women) and
37 healthy volunteers (16 men and 21 women) were includ-
ed. The age range was between 13 and 78 years (mean age
42.8+12.1 years) in the patient group and between 14 and 78
years (mean age 44.2+13.3 years) in the control group.

The number of SMCs was higher in patients with ADPKD
than in the control group (14.8+11.6 vs. 6.4+4.6 cysts respec-
tively, p<0.001, Table 1,2). The sizes of the cysts were sig-
nificantly larger in the patient group (68.3+49.3 vs. 25.44+20.1
mm, p<0.001). The region in which the participants had the
most cysts was the right cervical 7, with 32 (64%) cysts in
the ADPKD patients and 18 (48.6%) cysts in the controls
(p=0.15, Figure la-d). The regions with the largest cysts in
the ADPKD group were the right lumbar 3, right sacral 5, left
lumbar 3, and left sacral 5, with the diameter of the cysts being
20, 18, 17, and 17 mm respectively (Figure 2a-b). The regions
with the largest cysts in the control group were the right sacral
5, right thoracic 8, and left thoracic 5 with the diameter of the
cysts being 14, 13, and 12 mm, respectively. The regions with
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FIG. 1. a-d. T2W HASTE magnetic resonance myelographic images show
bilateral cervical (a-b) and cervico-thoracic (c-d) spinal meningeal cysts.

FIG. 2. a-b. T2W HASTE magnetic resonance myelographic images show
unilateral right lumbar (a-b) spinal meningeal cysts and multiple cysts in both
kidneys.

the most ADPKD patients having cysts were the right cervical
7, left cervical 7, right cervical 8, and left cervical 8, with 32
(64%) having cysts in these regions. The regions where the
most controls had cysts were the right cervical 6, left cervical
6, right cervical 7, and left cervical 7, with 24 (64.9%), 20
(54.1%), 18 (48.6%), and 17 (45.9%) controls having cysts in
these regions, respectively.

The number and total size of SMCs was similar for both
sexes within the two groups. The number and total size of
right and left sided cysts were also similar in both sexes. This
was valid for patients with ADPKD and controls.

Fourteen of the patients did not have a headache history,
whereas 36 patients had mild, moderate or severe headaches.
The headache score in females was higher than that in males
in patient group (3.1£3.3 vs. 1.4+2.5, p=0.01). This finding
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was valid for female ADPKD patients compared with their
male counterparts (4.8+3 vs. 2.44+3.1, p=0.015); the female
controls had similar headache scores to their male counter-
parts (0.9+2.1 vs. 0.3+0.6, p=0.3).

In the patient group, intracranial aneurysm was detected in five
female patients (10%), three of whom had previously undergone
interventions for aneurysms. ADPKD patients with and without
aneurysms had similar SMC numbers (15.4+4.3 vs. 14.7+12.1,
p=0.9) and total size (78+27 vs. 67.2+51.3, p=0.6). Headache
scores of ADPKD patients were higher than those of controls (4
(0-10) vs. 0 (0-8), p<0.001). ADPKD patients with aneurysms
tended to have higher headache scores compared with ADPKD
patients without aneurysms (8 (0-10) vs. 3.5 (0-10), p=0.14).
There was a moderate and positive correlation between headache
score and the number (=0.47 and p<0.001) and size (r=0.52
and p<0.001) of cysts in patient group. Although there was a
moderate and positive correlation between headache score and
the number (r=0.38 and p=0.009) and size (r=0.39 and p=0.007)
of the cysts in the ADPKD group, there was a non-significant
and weak correlation between headache score and total cyst size
(r=0.18, p=0.29), and no correlation between headache score
and cyst number among controls (r=0.06, p=0.7).

In the ADPKD group, the highest number of extrarenal
cysts was in the liver (24 patients, 6 men and 18 women, had
1-9 cysts). Liver cysts were more commonly present in fe-
male ADPKD patients compared with male ADPKD patients
(62.1% vs. 28.6%, p=0.019). No liver cysts were detected in
the control group. ADPKD patients with and without liver
cysts had a similar age, headache score, total SMC number
and size and similar aneurysm rates. There was no correla-
tion between number of liver cysts and headache scores in the
ADPKD group.

DISCUSSION

Autosomal dominant polycystic kidney disease is charac-
terized by cysts in various organs and tissues, and collagen
and extracellular matrix (ECM) anomalies (6,7). ADPKD is
the most common hereditary kidney disease with a frequency
of 1/400 to 1/1000 live births. Cysts are also found in many
extrarenal tissues such as liver, pancreas, spleen, testis, and
arachnoid mater (1).

The mutations in polycystic kidney disease-1 (PKD-1) (85%
of the cases) and PKD-2 (15% of the cases) genes are respon-
sible for the disease (8,9). As a result of mutation in these genes,
proteins named polycystin-1 and polycystin-2 that interact with
each other in the cell membrane are synthesized. These proteins
play an important role in cell-cell and cell-ECM communica-
tion, cell differentiation and synthesis of basal membrane. In
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patients with ADPKD, polycystin-1 protein is over-synthesized
in the epithelial cells of kidney cysts, and has also been found
in the gall-bladder, pancreas vessels and cerebrovascular struc-
tures. A disorder in collagen and ECM synthesis and metabo-
lism leads to splitting and duplication of the basal membrane
of epithelial cells and incompliance of ECM and development
of cysts in patients with ADPKD. This compliance disorder
explains the development of cysts in other organs, intracranial
aneurysms, heart valve anomalies, and other extrarenal disor-
ders, such as hernia and diverticula (10-12). The most common
extrarenal finding in patients with ADPKD is liver cysts, with
an incidence of up to 50% (13).

Cardiovascular findings include heart valve anomalies (the
most common is mitral valve prolapsus with an incidence of
25%, tricuspid valve proplapsus, aortic and tricuspid valve regur-
gitation), dilatation of the aortic root, dissection of the thoracic
aorta and cervico-cephalic arteries, and coronary artery aneu-
rysms (8,12). It has been reported that aortic dissection is associ-
ated with collagen tissue defect in patients with ADPKD (14).

In our study, we found that patients with ADPKD had more
and larger SMCs compared with the control group. The num-
ber and size of these cysts were associated with severity of
headache solely in patients with ADPKD. The presence of
intracranial aneurysms was not associated with the greater
number and size of SMCs in patients with ADPKD. However,
the presence of intracranial aneurysms tended to be associated
with headache severity in the ADPKD group. Liver cysts did
not seem to affect headache or SMC properties.

Autosomal dominant polycystic kidney disease patients suffer
intracranial aneurysms with a frequency of approximately 12.4%
and five times more frequently than the general population (15).
It has been suggested that the cause of intracranial aneurysms in
these patients is polycystin-1 protein, which leads to the deterio-
ration of the structure of vascular smooth muscle cells (16,17).
It has been determined that abnormal polycystin protein leads to
arachnoid cysts in patients with ADPKD (18,19). Although the
frequency of arachnoid cysts is 1% in the general population, it
is 8.1% in patients with ADPKD (20). Another recently discov-
ered finding in patients with ADPKD is SMCs (2,3,21,22). Al-
bayram et al. (3) previously described a case of SIH associated
with SMCs and dural leaks in a patient with Marfan syndrome
and ADPKD. Schievink et al. (2) reported three cases of spinal
meningeal diverticula that were incidentally detected as a result
of intracranial aneurysm screening of 178 patients with ADPKD.
Peces et al. (22) incidentally found sacral radicular cysts in a pa-
tient with ADPKD. Coche et al. (21) found seven thoracic SMCs
in a patient with ADPKD. To our knowledge, there is no system-
atic study assessing the frequency of SMCs in patients with AD-
PKD. SMC:s are vesicles caused by abnormal outward extensions
of the dura mater, arachnoid mater, and nerve root sheath (4). The
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exact reason why SMCs are seen more frequently in these pa-
tients is not known. Because the arachnoid mater, dura mater and
spinal nerve root sheaths are also composed of connective tis-
sues, we suggest that abnormal polycystin protein may lead to
deterioration in the structure of the ECM, leading to weakening
of tissue integrity in meningeal structures. As a result of the ef-
fect of pulsatile CSF pressure, together with weakening in tissue
integrity, dural ectasia, and eventually meningeal cysts and diver-
ticula may develop. Nevertheless, the fact that spinal meningeal
diverticula are also found in Marfan syndrome and connective
tissue diseases such as neurofibromatosis supports the notion that
the underlying cause may be weakness of the meningeal connec-
tive tissue (2,21,23-27).

The presence and severity of headache were also evaluated
in the current study. There are many factors that may lead to
headache in patients with ADPKD that are encountered more
frequently than in the general population. The most important
factors include intracranial aneurysms, arachnoid cysts, and
the resulting subdural bleeding. Spontaneous spinal CSF leak
may result from weakness of spinal meningeal tissue and may
lead to attacks of SIH (28). It was first suggested in 1994 that
the underlying reason for spinal CSF leak might be systemic
connective tissue diseases (29). In retrospective studies, pa-
tients with spontaneous spinal CSF leak were shown to have
a very high frequency (16-36%) of connective tissue diseases
(2,5,30). Considering the effects of ADPKD on the meningeal
connective tissues, spontaneous CSF leaks may occur as a re-
sult of rupture of SMCs and lead to SIH in these patients (2).

Our study has certain limitations including its cross-sectional
design, limited sample size and the absence of genetic analysis.

We suggest that the abnormality that involves the vessel wall
in ADPKD may also affect the spinal dura. This may explain
the increased number of SMCs in these patients. SMCs may
be an extrarenal finding of ADPKD and their spontaneous rup-
ture and leakage of cerebrospinal fluid may be responsible for
the recurrent severe headache attacks in these patients. Fur-
ther studies investigating the pathogenesis and clinical conse-
quences of SMCs in these patients are warranted.
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