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INTRODUCTION 
Familial Mediterranean fever (FMF) is a hereditary autoinflammatory disease characterized by repeated attacks of fever, abdominal pain, pleu-
ritic chest pain, and arthritis. The occurrence of nervous system manifestations in FMF is rare and their association with FMF is still uncertain 
(1,2). Additional neurologic disorders have been reported in FMF, such as posterior reversible encephalopathy syndrome (PRES), demyelin-
ating lesions, and ischemic stroke (3,4,5). Attacks of FMF with clinical inflammation are only the tip of the iceberg (6). Increases in clinical and 
subclinical inflammation in FMF might lead to susceptibility to vascular comorbidities such as atherosclerosis, heart disease, and life-threatening 
secondary systemic amyloidosis due to endothelial dysfunction in FMF patients (7,8). The aim of this study was to assess cerebral blood flow 
velocities using transcranial Doppler (TCD) ultrasonography in patients with FMF.
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Introduction: It is known that there is a relationship between 
systemic inflammation and atherosclerosis. Atherosclerosis is 
one of the best-known causes of cerebrovascular diseases. The 
aim of this study was to assess cerebral blood flow velocity using 
transcranial Doppler (TCD) ultrasonography in patients with familial 
Mediterranean fever (FMF).

Methods: A total of 30 patients aged from 20 to 50 years with FMF 
were enrolled in the FMF group consecutively. The control group 
(non-FMF group) consisted of 30 age- and sex-matched randomly 
selected patients without FMF who had other diagnoses such as 
fibromyalgia and did not have risk factors for atherosclerosis. Bilateral 
peak-systolic, end-diastolic, and mean blood flow velocities in the 
middle cerebral artery (MCA), values of Gosling’s pulsatility index, 
and values of Pourcelot’s resistance index were recorded using TCD 

ultrasonography by a neurosonologist blinded to the FMF and control 
groups. 

Results: There were 30 participants in the FMF group in remission 
(male/female: 4/26, mean age: 34.7±5.9 years) and 30 participants 
in the control group (male/female: 4/26, mean age: 32.3±4.7 years). 
C-reactive protein levels and bilateral blood flow velocities in the MCA 
were significantly higher in the FMF group than in the control group.

Conclusions: This study suggests that persistent clinical and subclinical 
inflammation in patients with FMF causes an increase in cerebral blood 
flow velocities. Our findings provide an insight into this association 
between FMF and cerebrovascular diseases. 
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ABSTRACT

Amaç: Sistemik inflamasyon ile ateroskleroz arasındaki ilişki bilinmek-
tedir. Ateroskleroz beyin damar hastalıklarının en iyi bilinen sebeple-
rinden birisidir. Bu çalışmadaki amacımız transkraniyal Doppler ultraso-
nografi (TCD) ile Ailevi Akdeniz Ateşi (FMF) olan hastaların beyin kan 
akım hızlarını değerlendirmektir.

Yöntem: 20-50 yaş arası toplam 30 ardı sıra başvurmuş FMF hastası 
FMF grubuna dâhil edildi. Kontrol grubu olarak yaş ve cinsiyet uyumlu, 
fibromiyalji gibi aterosklerotik risk faktörü taşımayan FMF olmayan 30 
rastgele hasta seçildi. Her iki orta serebral arterin (MCA) pik-sistolik, 
end-diyastolik ve ortalama kan akım hızları, pulsatilite ve rezistans in-
deks değerleri FMF ve kontrol grubuna kör nörosonolojist tarafından 
TCD ile kayda alındı.

Bulgular: FMF grubunda atak döneminde olmayan 30 hasta (E/K: 4/26, 
ortalama yaş: 34,7±5,9) ve kontrol grubunda 30 kişi vardı (E/K: 4/26, 
ortalama yaş: 32,3±4,7). C-reaktif protein (CRP) düzeyleri ve her iki 
MCA kan akım hızları kontrol grubuna göre FMF grubunda anlamlı 
yüksekti.

Sonuç: Bu çalışma persistan klinik ve subklinik inflamasyon ilişkili ate-
rosklerozun FMF hastalarında beyin kan akım hızında artışa neden 
olduğunu düşündürmektedir. Bulgularımız FMF’in serebrovasküler has-
talıklarla olan ilişkisine dair bir fikir vermektedir. 

Anahtar kelimeler: FMF, inflamasyon, ateroskleroz, TCD, inme
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METHODS
A total of 30 consecutively admitted patients aged from 20 to 50 years 
with a diagnosis of FMF who fulfilled the Livneh criteria for FMF were 
enrolled in the FMF group. The non-FMF group consisted of 30 age- and 
sex-matched randomly selected patients who did not have any risk factors 
for atherosclerosis, such as diabetes, hypertension, and coronary artery 
disease. All patients with FMF were using colchicine and were not in an 
attack period. The erythrocyte sedimentation rate (ESR) and C-reactive 
protein (CRP) levels were measured. Consent was obtained from the 
local ethics committee, and all participants gave formal consent.

TCD ultrasonography examination was performed with a Multidop X 
DWL TCD device after the patient had rested for 10 minutes in the su-
pine position. The right and left middle cerebral arteries (MCAs) were 
insonated from the temporal windows at a depth of 50-65 mm with 2 
MHz pulsed Doppler probes. Bilateral peak-systolic, end-diastolic, and 
mean blood flow velocities in the MCA, pulsatility index values, and re-
sistance index values were recorded. The results for the FMF group were 
compared with the results for the non-FMF group. 

Statistical Analysis
The data were analyzed using the Statistical Package for the Social Sci-
ences 15.0 program (SPSS Inc.; Chicago, IL, USA). A paired t-test and 
cross-tabs tests were used for statistical analysis, and a value of p<0.05 
was considered to be significant.

RESULTS
The mean ages were 34.7±5.9 years in the FMF group (male/female: 4/26) 
and 32.3±4.7 years in the non-FMF group (male/female: 4/26). Clinical 
features of the FMF patients are given in Table 1. The median colchicine 
dose used by the FMF patients was 1.50 mg/day. None of the patients 
with FMF had amyloidosis. The mean values of CRP levels and ESR were 
5.8±3.5 mg/L (normal range: 0–5 mg/L) and 17.4±8.5 mm/h, respectively, 
in the FMF group. CRP levels were significantly higher in the FMF group 
than in the non-FMF group (5.8±3.5 mg/L versus 3.2±0.15 mg/L). Bilateral 
peak-systolic, end-diastolic, and mean blood flow velocities in the MCA 
were significantly higher in the FMF group than in the non-FMF group 
(Table 2). The values of the pulsatility index and resistance index were not 
significantly different between the two groups. 

DISCUSSION 
The occurrence of nervous system manifestations is rare in FMF. Neuro-
logic disorders such as PRES, demyelinating disorders, and ischemic stroke 
have been reported in FMF patients. The association between FMF and 
ischemic cerebrovascular diseases has not been studied thoroughly (5). 
Recently, there has been considerable attention concerning the possible 
causal role of systemic inflammation in the development of atherosclero-
sis in patients with FMF (9). We attempted to determine cerebral blood 
flow velocities using TCD ultrasonography in patients with FMF, because 
increased cerebral blood flow velocities are significantly associated with 
ischemic cerebrovascular diseases (10). 

We found that the peak-systolic, end-diastolic, and mean blood flow veloc-
ities were significantly higher in the FMF group than in the non-FMF group. 
However, the values of the pulsatility index and resistance index were 
not significantly different between the two groups. Correct interpretation 
of the pulsatility index is complex, because it depends not only on cere-
brovascular resistance but also on several systemic and cerebral variables 
(11,12). The Rotterdam Study reported that increased mild-to-moderate 
cerebral blood flow velocity was due to diffuse atherosclerosis or vaso-
constriction. Therefore, the mechanisms that underlie this condition (in-
creased velocities but normal pulsatility index values) are most likely to be 
due to mild diffuse subclinical atherosclerosis (10,12).

It has been reported that inflammation (assessed by a high-sensitivity CRP 
assay) was frequently present in FMF, even in patients receiving colchicine 
therapy and in remission, which was the case for the present FMF patients 
(13). Studies investigating markers of early arterial wall alterations in FMF 
are also scarce and controversial. The intima media thickness (IMT) of the 
carotid arteries and endothelial dysfunction are used to define preclinical 
atherosclerosis. Significant increases in both IMT in the carotid and femo-
ral arteries and blood flow velocities have been reported in patients with 
FMF in comparison with healthy controls (14,15). 

This study suggests that persistent clinical and subclinical inflammation 
associated with atherosclerosis in patients with FMF causes increases in 
cerebral blood flow velocities. Our findings provide an insight into this 
association between FMF and cerebrovascular diseases. 

Ethics Committee Approval: Ethics committee approval was received for this 
study from the ethics committee of Kahramanmaraş Sütçü İmam University School 
of Medicine.
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Table 1. Symptomatic features of FMF patients

 FMF group (n=30)

Age of FMF diagnosis (years) 21.3±9.3

Time between onset and diagnosis (months) 74.7

Disease duration (months) 173

Subjects with a family history of FMF 17

Abdominal attack 28 (93.3%)

Joint attack 22 (73.73)

Chest attack 18 (60%)

Erysipelas-like erythema 2 (6.7%)

Effort-associated leg pain 20 (66.6%)

Presence of transient hematuria and  6 (20%) 
proteinuria during attacks  

#of patients with amyloidosis 0 (0%)

#of family members with amyloidosis 1 (3.4%)

FMF: Familial Mediterranean Fever

Table 2. Transcranial Doppler data for FMF group compared with data for 
control group

 FMF group  Control group  
 (n=30) (n=30) p

L peak-systolic BFV 143.3±19.5 104.5±13 <0.001

L end-diastolic BFV 56.4±13.5 38.4±6.2 <0.001

L mean BFV 90.9±13.8 61.8±8.2 <0.001

L PI 0.87±0.07 0.9±0.09 0.78

L RI 0.59±0.03 0.6±0.05 0.57

R peak-systolic BFV 145.2±22.3 103.5±17.05 <0.001

R end-diastolic BFV 59.5±13 36.7±12.36 <0.001

R mean BFV 90.7±15.47 63.2±10.5 <0.001

R PI 0.8±0.08 0.85±0.09 0.89

R RI 0.62±0.04 0.63±0.06 0.63

L: left; R: right; PI: Pulsatility index; RI: Resistance index; BFV: blood flow veloc-
ity; FMF: Familial Mediterranean Fever

106



Informed Consent: Written informed consent was obtained from all partici-
pants who participated in this study.  

Peer-review: Externally peer-reviewed. 

Author Contributions: Concept - U.U.; Design - U.U.; Supervision - M.S.; Re-
sources - G.Ç., U.U.; Materials - U.U., G.Ç.; Data Collection and/or Processing - 
G.Ç., U.U., N.A., K.G.; Analysis and/or Interpretation - G.Ç., U.U., N.A.; Literature 
Search - G.Ç., U.U., N.A.; Writing Manuscript - G.Ç., U.U.; Critical Review - M.S. 

Conflict of Interest: No conflict of interest was declared by the authors.

Financial Disclosure: The authors declared that this study has received no fi-
nancial support.

Etik Komite Onayı: Bu çalışma için etik komite onayı Kahramanmaraş Sütçü 
İmam Üniversitesi Tıp Fakültesi Etik Kurulu’ndan alınmıştır.

Hasta Onamı: Yazılı hasta onamı bu çalışmaya katılan tüm katılımcılardan alın-
mıştır. 

Hakem Değerlendirmesi: Dış bağımsız.

Yazar Katkıları: Fikir - U.U.; Tasarım - U.U.; Denetleme - M.S.; Kaynaklar - G.Ç., 
U.U.; Malzemeler - U.U., G.Ç.; Veri Toplanması ve/veya İşlemesi - G.Ç., U.U., N.A., 
K.G.; Analiz ve/veya Yorum - G.Ç., U.U., N.A.; Literatür Taraması - G.Ç., U.U., N.A.; 
Yazıyı Yazan - G.Ç., U.U.; Eleştirel İnceleme - M.S. 

Çıkar Çatışması: Yazarlar çıkar çatışması bildirmemişlerdir.

Finansal Destek: Yazarlar bu çalışma için finansal destek almadıklarını beyan et-
mişlerdir.

REFERENCES
1. Kalyoncu U, Eker A, Oguz KK, Kurne A, Kalan I, Topcuoglu AM, Anlar B, Bilg-

iner Y, Arici M, Yilmaz E, Kiraz S, Calguneri M, Karabudak R. Familial Mediter-
ranean fever and central nervous system involvement: a case series. Medicine 
(Baltimore) 2010; 89:75-84. [CrossRef]

2. Akman-Demir G, Gul A, Gurol E, Ozdogan H, Bahar S, Oge AE, Gurvit H, Sa-
ruhan-Direskeneli G, Yazici H, Eraksoy M. Inflammatory/demyelinating central 

nervous system involvement in familial Mediterranean fever (FMF): coinci-
dence or association? J Neurol 2006; 253:928-934. [CrossRef]

3. Topcuoglu MA, Karabudak R. Familial Mediterranean fever and multiple scle-
rosis. J Neurol 1997; 244:510-514. [CrossRef]

4. Feld O, Yahalom G, Livneh A. Neurologic and other systemic manifestations 
in FMF: published and own experience. Best Pract Res Clin Rheumatol 2012; 
26:119-133. [CrossRef]

5. Aoun EG, Musallam KM, Uthman I, Beydoun A, El-Hajj T, Taher AT. Childhood 
stroke in a child with familial Mediterranean fever carrying several prothrom-
botic risk factors. Lupus 2009; 18:845-847. [CrossRef]

6. Livneh A, Langevitz P, Zemer D, Padeh S, Migdal A, Sohar E, and Pras M. The 
changing face of familial Mediterranean fever. Semin Arthritis Rheum 1996; 
26:612-627. [CrossRef]

7. Lachmann HJ, Segul B, Yavuzsen TU, Booth DR, Booth SE, Bybee A, Gallimore JR, 
Soyturk M, Akar S, Tunca M, Hawkisn PN. Clinical and subclinical inflammation in 
patients with Familial Mediterranean Fever and in heterozygous carriers of MEFV 
mutations. Rheumatology (Oxford) 2006; 45:746-750. [CrossRef]

8. Ben-Zvi I, Livneh A. Chronic inflammation in FMF: markers, risk factors, out-
comes and therapy. Nat Rev Rheumatol 2011; 7:105-112. [CrossRef]

9. Yüksel S, Ayvazyan L, Gasparyan AY. Familial mediterranean fever as an 
emerging clinical model of atherogenesis associated with low-grade inflamma-
tion. Open Cardiovasc Med J 2010; 23:51-56. [CrossRef]

10. Bos MJ, Koudstaal PJ, Hofman A, Witteman JCM, Breteler MMB. Transcranial 
Doppler hemodynamic parameters and risk of stroke. The Rotterdam study. 
Stroke 2007; 38:2453-2458. [CrossRef]

11. Washington CW, Zipfel GJ. Detection and monitoring of vasospasm and de-
layed cerebral ischemia: a review and assessment of the literature. Neurocrit 
Care 2011; 15:312-317. [CrossRef]

12. de Riva N., Budohoski KP, Smielewski P, Kasprowicz M, Zweifel C, Steiner LA, 
Reinhard M, Fabregas N, Pickard JD, Czosnyka M: Transcranial Doppler Pulsatility 
Index: what it is and what it isn't. Neurocrit Care 2012; 17:58-66. [CrossRef]

13. Korkmaz C, Ozdogan H, Kasapcopur O, Yazici H. Acute phase response in 
familial Mediterranean fever. Ann Rheum Dis 2002; 61:79-81. [CrossRef]

14. Ugurlu S, Seyahi E, Cetinkaya F, Ozbakır F, Balcı H, Ozdogan H. Intima-media 
thickening in patients with familial Mediterranean fever. Rheumatology 2009; 
48:911-915. [CrossRef]

15. Bilginer Y, Ozaltin F, Basaran C, Duzova A, Besbas N, Topaloglu R, Ozen S, Bakka-
loglu A. Evaluation of intima media thickness of the common and internal carotid 
arteries with inflammatory markers in familial Mediterranean fever as possible 
predictors for atherosclerosis. Rheumatol Int 2008; 28:1211-1216. [CrossRef]

Arch Neuropsychiatry 2017; 54: 105-107 Çetin et al. Cerebral Blood Flow and Familial Mediterranean Fever

107

https://doi.org/10.1097/MD.0b013e3181d5dca7
https://doi.org/10.1007/s00415-006-0137-8
https://doi.org/10.1007/s004150050134
https://doi.org/10.1016/j.berh.2012.01.004
https://doi.org/10.1177/0961203309103057
https://doi.org/10.1016/S0049-0172(96)80012-6
https://doi.org/10.1093/rheumatology/kei279
https://doi.org/10.1038/nrrheum.2010.181
https://doi.org/10.2174/1874192401004020051
https://doi.org/10.1161/STROKEAHA.107.483073
https://doi.org/10.1007/s12028-011-9594-8
https://doi.org/10.1007/s12028-012-9672-6
https://doi.org/10.1136/ard.61.1.79
https://doi.org/10.1093/rheumatology/kep131
https://doi.org/10.1007/s00296-008-0605-9

