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F amilial Mediterranean fever is a recessively inherited genetic 
disease affecting Jews of African and Asian origin, Turks, 

Arabs, and Armenians. Clinically, it is usually characterized by 
recurrent and self-limited attacks of fever and pain, involving 
the abdomen, chest and joints [1]. The disease is associated 
with mutations in the MEditerranean FeVer (MEFV) gene, 
encoding pyrin, an inflammation-associated protein, which 
also plays a role in apoptosis [2-4]. The most devastating 

complication of FMF1 is AA amyloidosis, which may lead to 
end-stage renal disease. Colchicine treatment prevents FMF 
attacks and evolvement of amyloidosis [5]. 

The association between FMF and susceptibility to arrhyth-
mias remains controversial. Higher than normal QT dispersion 
(QTd) is an electrocardiographic marker that may by used to 
identify predisposition for ventricular arrhythmias in high risk 
patients. QTd is calculated by subtracting the minimal from the 
maximal QT interval lengths measured for a single beat on a 12 
lead ECG [6]. A controversy exists as to the association between 
increased QTd values and FMF [6-8]. QT variability index is 
another ECG marker, developed for cardiac risk stratification. 
It was found that cardiac diseases are associated with increased 
QT variability, and high QTVI2 values may indicate an increased 
risk for arrhythmias [9,10]. The status of QTVI in FMF is not 
known. In a former study we found normal QTVI parameters 
in uncomplicated FMF [11]. Given the paucity of knowledge 
regarding repolarization in FMF in general, and QTVI in FMF 
in particular, we sought to further evaluate QTVI in FMF. 

Patients and methods

A comparative cross-sectional study design was used. The 
research protocol was approved by the Institutional Review 
Board. All participants gave a written informed consent.

The study group included 12 patients (5 females) diagnosed 
with FMF according to accepted criteria [1] and recruited from 
the outpatient clinic of the national center for FMF, sheba 
Medical Center, Tel Hashomer, Israel. Amyloidosis was diag-
nosed based on renal or rectal biopsy findings. Mean duration 
of time elapsed from diagnosis of amyloidosis was 24.4 ± 13.3 
years. six patients underwent renal transplantation 9.8 ± 9.1 
years earlier, the other six had developed end-stage kidney 
disease, two of whom underwent continuous hemodialysis. 
In this group of end-stage kidney disease patients the mean 
creatinine level was 2.61 ± 0.32 mg/dl, 24 hour urinary protein 
excretion 3253.0 ± 2323.5 mg/24 hr, and mean creatinine clear-
ance 26.2 ± 3.0 ml/min. In the transplanted patients, the mean 
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Background: The association between familial Mediterranean 
fever (FMF) and increased risk for ventricular arrhythmias is 
controversial, and data on this subject are meager. 
objectives: To evaluate QT variability index (QTVI) and other 
repolarization markers associated with arrhythmogenity in 
patients with amyloidosis of FMF.
methods: The study group comprised 12 FMF patients with 
amyloidosis, and 14 age and gender-matched healthy 
subjects served as the control group. QT measurements 
were conducted according to accepted procedure, using 
computerized software for recording and analysis. 
results: No differences were found in clinical and demo- 
graphic parameters in the study and control groups, except for 
hypertension which was more common in the FMF amyloidosis 
group. QTc and power spectral analysis of QT variability 
parameters were similar in both groups. Nevertheless, QTVI 
values in FMF amyloidosis patients were significantly higher 
than in healthy individuals (-1.02 ± 0.38, vs. -1.36 ± 0.32 
respectively, P = 0.02). 
conclusions: Compared with healthy controls, amyloidosis of 
FMF is associated with increased QTVI. It remains unknown 
whether this finding is solely amyloidosis related and whe- 
ther it has any prognostic significance. 
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creatinine level was 1.3 ± 0.6 mg/dl, mean 24 hours urinary 
protein excretion 718.8 ± 754.9 mg/24 hr, and mean creatinine 
clearance 65.9 ± 46.4 ml/min. In the whole FMF amyloidosis 
group the colchicine dosage ranged from 0.5 mg/day to 2.5 
mg/day. All FMF patients had been attack-free for at least one 
week prior to the study. 

Fourteen healthy subjects matched for gender and age 
served as controls. None of the patients or control subjects 
was taking medications known to influence QT interval dura-
tion or repolarization.

Procedure

Participants were asked to avoid smoking, drinking caffeinated 
or alcoholic beverages for 6 hours prior to the test and strenu-
ous exercise for 24 hours. The test was conducted between 9:00 
a.m. and 1:00 p.m. to avoid circadian influences on the electro-
cardiograms. Room temperature was maintained at 21-23ºC. 

Participants were instructed to lie motionless in a supine 
position for 10 minutes. Electrodes were placed in anatomical 
positions according to standard procedure. Five-minute ECG 
strips were recorded with a standard device at a sampling rate 
of 2000 Hz. ECGs with technical errors or inadequate qual-
ity were repeated. Moreover, since abnormal depolarization 
might be associated with abnormal repolarization (although 
the influence on repolarization parameters is not fully under-
stood), ECGs with bundle block and altered depolarization were 
excluded. Data were saved in a binary format and processed 
with custom-made computer software, validated and tested for 
reproducibility. RR interval was measured between two con-
secutive beats. QT interval was measured according to accepted 
standards [12]. Mean QT interval and QT variance (QTv), mean 
RR interval and RR variability (RRv), were computed from the 
respective time series [13]. Corrected QT was calculated for all 
patients using Bazett’s Formula. Power spectral analysis was 
conducted, using the non-parametric fast Fourier transform. 
Calculations were made in absolute values of power (ms2). The 
spectral components were categorized as very low frequency 
(0.003–0.04 Hz), low frequency (0.04–0.15 Hz), and high fre-
quency (0.15–0.4 Hz). Total power was computed as well. 

QTVI was computed by a log ratio adjusted to RR interval, 
according to the following equation:

statistical analYsis

Data were analyzed with JMP version 7.0 (sAs Institute, 
Cary, NC, UsA). Results are presented as mean and standard 
deviations. Abnormal results were defined as more than 2 
standard deviations from the normal range. Findings were 
compared between the groups by the Kruskal-Wallis one-way 
analysis test, and Fisher’s exact test for categorical data. A P 
value < 0.05 was considered statistically significant. 

results

Clinical characteristics of the patient groups are outlined in 
Table 1. The mean age was 54.1 ± 13.4 years for the FMF amyloi-
dosis group and 44.3 ± 10.8 years for the unaffected group (P > 
0.05). There was no significant difference in gender distribution, 
height, weight, body mass index, smoking rate, or presence of 
diabetes mellitus (found only in one FMF patient). Dyslipidemia 
was similarly found in both groups, although the control sub-
jects had only mild dyslipidemia for which no pharmacological 
intervention was prescribed. Hypertension was significantly 
more common in FMF patients (5 patients, 41.67%) but was well 
controlled in all patients. None of the patients or control subjects 
had a history of cardiac disease or myocardial infarction. 

The calculated QT dynamic parameters for the two groups 
are summarized in Table 2. There was no difference between 
the groups in QTm3, QTc4, and RRm5. Power spectral analysis 

QTm = mean QT interval
QTc = corrected QT interval
RRm = mean RR interval
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Statistical analysis
Data were analyzed with JMP version 7.0 (SAS Institute, Cary, NC, USA). Results are presented as mean 

and standard deviations. Abnormal results were defined as more than 2 standard deviations from the 

normal range. Findings were compared between the groups by the Kruskal-Wallis one-way analysis test,

and Fisher's exact test for categorical data. A P value < 0.05 was considered statistically significant. 

Results
Clinical characteristics of the patient groups are outlined in Table 1. The mean age was 54.1 ± 13.4 years 

for the FMF amyloidosis group and 44.3 ± 10.8 years for the unaffected group (P > 0.05). There was no 

significant difference in gender distribution, height, weight, body mass index, smoking rate, or presence of 

diabetes mellitus (found only in one FMF patient). Dyslipidemia was similarly found in both groups, 

although the control subjects had only mild dyslipidemia, for which no pharmacological intervention was 

prescribed. Hypertension was significantly more common in FMF patients (5 patients, 41.67%) but was 

well controlled in all patients. None of the patients or control subjects had a history of cardiac disease or 

myocardial infarction.

FmF 
amyloidosis
(n=12)

subjects 
without FmF
(n=14) P value

Age (yrs) 54.1 ± 13.4 44.3 ± 10.8 NS

M/F 7/5 7/7 NS

Height (m) 1.76 ± 0.08 1.70 ± 0.10 NS

Weight (kg) 66.6 ± 2.1 71.5 ± 14.1 NS

Body mass index (kg/m2) 23.9 ± 4.5 24.4 ± 3.0 NS

Smokers (%) 16.67 21.43 NS

S/P myocardial infarction (%) 0 0 NS

Diabetes mellitus (%) 8.33 0 NS

Hypertension (%) 41.67 0 0.02

Dyslipidemia (%) 25.00 28.57 NS

table 1. Clinical characteristics of FMF amyloidosis patients

FmF 
amyloidosis
(n=12)

subjects 
without FmF
(n=14) P value

QTc (ms) 417.1 ± 41.3 422.4 ± 27.9 NS

RRm (ms) 816.2 ± 66.3 773.6 ± 86.2 NS

QTm (ms) 376.2 ± 36.9 370.4 ± 23.7 NS

QTVI -1.02 ± 0.38 -1.36 ± 0.32 0.02

QT – VLF (ms2) 66.6 ± 31.3 95.9 ± 42.9 NS

QT – LF (ms2) 103.7 ± 35.3 95.1 ± 24.0 NS

QT – HF (ms2) 230.1 ± 36.3 214.8 ± 73.7 NS

QT – total power (ms2) 429.6 ± 50.7 462.0 ± 86.0 NS

table 2. Clinical characteristics of FMF amyloidosis patients

QTc = corrected QT interval, RRm = mean RR interval, QTm = mean QT 
interval, QTVI = QT variability index, VLF = very low frequency, LF = low 
frequency, HF = high frequency
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revealed no statistically significant difference in very low fre-
quency, low frequency, high frequency, or total power between 
the groups. Nevertheless, QTVI results were significantly 
higher in FMF amyloidosis compared with unaffected patients. 
The results of QTVI in the control group were similar to those 
previously published in healthy adults [13,14]. Figure 1 dem-
onstrates the distribution of QTVI results in FMF amyloidosis 
patients and in controls. The mean QTVI results in the FMF 
amyloidosis patients who underwent renal transplantation was 
-1.15 ± 0.31, comparable with -0.96 ± 0.48 for the FMF amy-
loidosis patients who had end-stage renal disease (P > 0.05). 

discussion

The association between abnormal cardiac repolarization 
and FMF is an emerging medical controversy. The present 
study, aiming at an evaluation of QTVI, an electrocardio-
graphic marker for cardiac arrhythmogenity, revealed higher 
QTVI values in FMF amyloidosis patients compared with 
normal individuals, possibly implying an increased risk for 
QT interval dysregulation in the FMF amyloidosis group. 
Recently we reported that QTd6, another marker of cardiac 
arrhythmogenity, appears to be normal in FMF, regardless 
of AA amyloidosis [6,7]. The present finding suggests that 
QTVI is a more sensitive parameter to detect QT changes in 
FMF amyloidosis. The reason for our finding and its clinical 
implications remain unknown. 

With respect to the pathogenesis, the FMF amyloidosis 
patients had a higher rate of hypertension compared with the 
healthy volunteers. It is possible that the higher QTVI values in 
FMF amyloidosis result from the effect of sustained hyperten-

QTd = QT dispersion

sion on the heart. Indeed, hypertension was found to be associ-
ated with increased QTVI values [15]. Nevertheless, none of 
our patients fulfilled the sokolow-Lyon ECG criteria for left 
ventricular hypertrophy, and a good blood pressure control 
was maintained in all, making this possibility dubious.

FMF amyloidosis is associated with renal function impair-
ment. It is well recognized that chronic renal failure (in patients 
with multiple cardiovascular risk factors) is associated with 
increased QTVI values [16]. Yet, in the present study, the mean 
QTVI value in the six patients with end-stage renal disease 
was statistically comparable (although higher) to that of the 
six kidney-transplanted patients in whom kidney function was 
only slightly abnormal (-0.96 ± 0.48 vs. -1.15 ± 0.31 respec-
tively, P > 0.05), suggesting that renal function impairment 
might contribute to, but cannot solely underlie, our finding. 

In the current study design, we did not directly evaluate 
the presence of cardiac amyloidosis. Therefore, although 
AA amyloidosis rarely involves the heart [17], it remains 
unknown whether the higher than normal QTVI in FMF 
amyloidosis in our study group can be attributed to subclini-
cal cardiac involvement with amyloidosis. 

Repolarization is affected by the autonomic nervous 
system. some researchers suggested that subclinical dysau-
tonomia is common in FMF, regardless of the presence of 
amyloidosis [18]. Recently however, we found normal heart 
rate variability parameters and cardiac response to autonomic 
stimuli in uncomplicated FMF [19,20], but significantly lower 
heart rate variability results in FMF amyloidosis [21]. This 
finding suggests that in FMF amyloidosis, dysautonomia 
might be present and, therefore, the higher QTVI results 
found in the present study in our FMF amyloidosis patients 
may be attributed, at least in part, to dysautonomia. 

The clinical significance of the higher than normal QTVI 
values is complex, as no definitive cutoff was set to distinguish 
normal from abnormal results. Haigney et al. [22] reported 
that myocardial arrhythmias had developed in patients with 
a mean QTVI value of -0.80 ± 0.56. Piccirillo and co-authors 
[23] reported a significantly increased risk for mortality in 
patients with QTVI values ≥ -0.47. The QTVI results in both 
the FMF amyloidosis and the control group were lower than 
the reported values, possibly suggestive of no increased risk 
for arrhythmias in FMF amyloidosis, despite higher than 
normal QTVI. Importantly, QTVI results higher than, or 
similar to, those found in our FMF amyloidosis patients 
were reported in healthy controls by some authors [24,25]. 
Therefore, it seems that there is a large range of QTVI values 
in healthy individuals, overlapping those found in a variety 
of morbid conditions. 

A limitation was that the study group of amyloidosis 
patients was relatively small, thus limiting the strength of the 
current study. However, in the colchicine era, recruitment of 
amyloidosis patients has become a real challenge.

Figure 1. QTVI distributions in control subjects and FMF 
amylodosis patients. The black dots represent raw values. In 
these and subsequent box plots, the central line represents the 
distribution median; the box spans from 25 to 75 percentile points.
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conclusions

Amyloidosis of FMF is associated with increased QTVI, 
compared with controls. However, the underlying cause and 
prognostic implications of this finding remain unknown. 
Further research and long-term follow-up are required to 
answer these questions. 

acknowledgments
We thank Phyllis Curchack Kornspan for her editorial assistance. This 
study is dedicated to the memory of Haim Gueron. 

corresponding author:
dr. a. livneh
Heller Institute of Medical Research, Sheba Medical Center, Tel Hashomer 
52621, Israel Phone: (972-3) 530-2454
Fax: (972-3) 530-2114
email: Avi.Livneh@sheba.health.gov.il

references 
1. Livneh A, Langevitz P, Zemer D, et al. Criteria for the diagnosis of familial 

Mediterranean fever. Arthritis Rheum 1997; 40: 1879-85.
2. Naimushin A, Lidar M, Ben Zvi I, et al. The structural effect of the E148Q 

MEFV mutation on the pyrin protein: a study using a quantum chemistry 
model. IMAJ Isr Med Assoc J 2011; 13: 199-201.

3. Richards N, schaner P, Diaz A, et al. Interaction between pyrin and the 
apoptotic speck protein (AsC) modulates AsC-induced apoptosis. J Biol 
Chem 2001; 276: 39320-9.

4. The International FMF Consortium. Ancient missense mutations in a new 
member of the RoRet gene family are likely to cause familial Mediterranean 
fever. Cell 1997; 90: 797-807.

5. Kivity s, Danilesko I, Ben-Zvi I, et al. serum amyloid A levels in kidney-
transplanted patients with familial Mediterranean fever-amyloidosis. IMAJ 
Isr Med Assoc J 2011; 13: 202-5.

6. Nussinovitch N, Livneh A, Katz K, et al. QT dispersion in uncomplicated 
familial Mediterranean fever. Clin Rheumatol 2010; 29: 1353-6.

7. Nussinovitch U, Nussinovitch N, Nussinovitch M, et al. QT dispersion in 
amyloidosis due to familial Mediterranean fever. Rheumatol Int 2011; PMID: 
21461715. 

8. Akcay A, Acar G, sayarlioglu M, et al. QT dispersion and transmural 
dispersion of repolarization in patients with familial Mediterranean fever. 
Mod Rheumatol 1999; 19: 550-5.

9. Berger RD, Kasper EK, Baughman KL, et al. Beat-to-beat QT interval 
variability: novel evidence for repolarization lability in ischemic and 
nonischemic dilated cardiomyopathy. Circulation 1997; 96: 1557-65.

10. Berger RD. QT variability. J Electrocardiol 2003; 36 (suppl): 83-7.
11. Nussinovitch U, Kaminer K, Nussinovitch M, et al. QT interval variability in 

familial Mediterranean fever: a study in colchicine responsive and colchicine 
resistant patients. Clin Rheumatol 2012; PMID: 22271228.

12. Goldenberg I, Moss AJ, Zareba W. QT interval: how to measure it and what is 
“normal”. J Cardiovasc Electrophysiol 2006; 17: 333-6.

13. Magri D, sciomer s, Fedele F, et al. Increased QT variability in young 
asymptomatic patients with beta-thalassemia major. Eur J Haematol 2007; 
79: 322-9.

14. Bar KJ, Koschke M, Boettger MK, et al. Acute psychosis leads to increased QT 
variability in patients suffering from schizophrenia. Schizophr Res 2007; 95: 115-23.

15. Baumert M, schlaich MP, Nalivaiko E, et al. Relation between QT interval 
variability and cardiac sympathetic activity in hypertension. Am J Physiol 
Heart Circ Physiol 2011; 300: H1412-17.

16. Johansson M, Gao sA, Friberg P, et al. Elevated temporal QT variability index 
in patients with chronic renal failure. Clin Sci (Lond) 2004; 107: 583-8.

17. Lachmann HJ, Goodman HJ, Gilbertson JA, et al. Natural history and 
outcome in systemic AA amyloidosis. N Engl J Med 2007; 356: 2361-71.

18. Rozenbaum M, Naschitz JE, Yudashkin M, et al. Cardiovascular reactivity 
score for the assessment of dysautonomia in familial Mediterranean fever. 
Rheumatol Int 2004; 24: 147-52.

19. Nussinovitch N, Livneh A, Katz K, et al. Heart rate variability in familial 
Mediterranean fever. Rheumatol Int 2011; 31: 39-43.

20. Nussinovitch U, Livneh A, Kaminer K, et al. Normal autonomic nervous 
system responses in uncomplicated familial Mediterranean fever: a 
comparative case-control study. Clin Rheumatol 2011; 30: 1347-51.

21. Nussinovitch U, Volovitz B, Nussinovitch M, et al. Abnormal heart rate 
variability in AA amyloidosis of familial Mediterranean fever. Amyloid 2011; 
18: 206-10.

22. Haigney MC, Zareba W, Gentlesk PJ, et al. QT interval variability and 
spontaneous ventricular tachycardia or fibrillation in the Multicenter 
Automatic Defibrillator Implantation Trial (MADIT) II patients. J Am Coll 
Cardiol 2004; 44: 1481-7.

23. Piccirillo G, Magri D, Matera s, et al. QT variability strongly predicts sudden 
cardiac death in asymptomatic subjects with mild or moderate left ventricular 
systolic dysfunction: a prospective study. Eur Heart J 2007; 28: 1344-50.

24. Magri D, Piccirillo G, Bucci E, et al. Increased temporal dispersion of 
myocardial repolarization in myotonic dystrophy type 1 beyond the cardiac 
conduction system. Int J Cardiol 2010; PMID: 21112106.

25. Desai N, Raghunandan Ds, Mallavarapu M, et al. Beat-to-beat heart rate and 
QT variability in patients with congestive cardiac failure: blunted response to 
orthostatic challenge. Ann Noninvasive Electrocardiol 2004; 9: 323-9.

A new technology whereby pertinent information collected 
during the catheterization procedure is sent directly to the 
I Pad was developed by Prof. Ran Kornowski at Israel’s 
Rabin Medical Center. This application presents the entire  
catheterization process on the screen, enabling the cardio- 
logist to explain the procedure to the patient and family in a 

simple visual manner. The cardiac catheterization procedure 
provides relevant online information on the patient’s heart  
and the condition of the arteries, necessary for the cardio- 
logist to accurately perform the procedure.
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capsule

new cardiac invasive technology

“love all, trust a few, do wrong to none”
William Shakespeare (1564-1616), English playwright and poet widely regarded as the greatest writer in the English language and 

the world’s preeminent dramatist. He wrote 38 plays, 154 sonnets and two long narrative poems. His plays have been  
translated into every major living language and are performed more often than those of any other playwright




