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Abstract

Aim: Familial Mediterranean fever is an autoinflammatory disease
characterized by attacks of inflammation. Despite treatment,
there is evidence of subclinical persistence of inflammation with
normal laboratory values. This study was conducted to investigate
the cardiac effects of continued subclinical inflammation in
children and the predisposition towards arrhythmia in familial
Mediterranean fever.

Material and Method: Age and sex-matched familial
Mediterranean fever patients and healthy controls were compared
in terms of demographic, laboratory, echocardiographic and
electrocardiographic data. The patients with familial Mediterranean
fever were grouped according to disease severity scores and
compared in terms of electrocardiographic data that could indicate
arrhythmogenesis. Correlation analysis was used to examine the
relationship between the electrocardiographic measurements and
the clinical and laboratory data.

Results: In the comparison of the two groups, no significant
difference was found in the echocardiographic measurements in
terms of left ventricular systolic and diastolic functions. According
to these data, QT and Tp-e intervals were significantly longer
in those with familial Mediterranean fever (p=0.002, p=0.046,
respectively). When the patients were classified according to the
3 separate disease severity scores, QT dispersion in the moderate-
severe disease group was significantly longer than in the mild
disease group (p<0.001, p=0.002, p=0.013, respectively). In
correlation analysis, weak correlations were found between and QT
dispersion, disease duration and P wave dispersion, and frequency
of attacks and QT dispersion.

Conclusion: Our study results indicate that the predisposition
to ventricular arrhythmia is greater in children with familial
Mediterranean fever and that this can be associated with the
severity of the disease.
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Oz

Amagc: Ailevi Akdeniz atesi inflamasyon ataklari ile karakterize
otoinflamatuar bir hastaliktir. Tedaviye ragmen, normal laboratuvar
degerleri ile subklinik inflamasyonun devam ettigine dair kanitlar
vardir. Bu calisma, cocuklarda devam eden subklinik inflamasyonun
kardiyak etkilerini ve ailevi Akdeniz atesinde aritmiye vyatkinhigi
arastirmak icin yapilmistir.

Gere¢ ve Yontem: Yas ve cinsiyet agisindan eslestiriimis ailevi
Akdeniz atesi hastalar ve saglikli kontroller demografik, laboratuvar,
ekokardiyografik ve elektrokardiyografik veriler agisindan karsilastirildi.
Ailevi Akdeniz atesi hastalari hastalik siddeti skorlarina gore
gruplandirildi ve aritmogenezi gosterebilecek elektrokardiyografik
veriler agisindan karsilastirildi. Elektrokardiyografik dlctimler ile klinik
ve laboratuvar verileri arasindaki iliskiyi incelemek icin korelasyon
analizi kullanildi.

Bulgular: iki grup karsilastinldiginda, ekokardiyografik slciimlerde sol
ventrikdl sistolik ve diyastolik fonksiyonlari agisindan anlamli bir fark
bulunmadi. Bu verilere gére QT ve Tp-e intervalleri ailesel Akdeniz atesi
olanlarda anlamli olarak daha uzundu (sirasiyla p=0.002, p=0.046).
Hastalar 3 ayri hastalik siddeti skoruna gore siniflandirildiginda, orta-
siddetli hastalik grubunda QT dispersiyonu hafif hastalik grubuna gére
anlamli olarak daha uzundu (sirasiyla p<0.001, p=0.002, p=0.013).
Korelasyon analizinde, QT dispersiyonu ile QT dispersiyonu, hastalik
stresi ile P dalga dispersiyonu ve atak sikligi ile QT dispersiyonu
arasinda zayif korelasyonlar bulunmustur.

Sonug: Calisma sonuclarimiz ailevi Akdeniz atesi olan ¢ocuklarda
ventrikiler aritmiye yatkinligin daha fazla oldugunu ve bunun
hastaligin siddeti ile iliskili olabilecedini gostermektedir.
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INTRODUCTION

Familial Mediterranean fever (FMF) is an inherited
autosomal recessive disorder and the most common
monogenic and autoinflammatory disease that s
characterized by recurrent and self-limited attacks of
polyserositis. It is believed that the disease is caused by
mutations in the MEFV gene that encodes pyrin protein
on the short arm of chromosome 16. The mutated pyrin
activates pyrin inflammasome, causing the uncontrolled
secretion of cytokines that leads to inflammation.” There
is evidence suggesting that patients with FMF have
continued subclinical inflammation even in periods when
they are not experiencing attacks.® Chronic inflammation
and its sequels can cause anemia and splenomegaly,
continuously high acute phase reactants, and the most
feared complication of amyloidosis.™?

Cardiovascular system involvement is among the causes
of high morbidity and mortality in FMF. While FMF-
related pericarditis and cardiac amyloidosis are the most
commonly expected complications, recent studies have
reported that FMF patients can suffer sudden cardiac
death or malign arrhythmias that are caused by cardiac
repolarization abnormalities, even without the presence
of amyloidosis.**! This has been linked to the chronic
inflammation occurring in FMF. It is believed that the
chronic inflammation observed in FMF can lead to
endothelial injury and ischemic cardiovascular damage.
69 1t is considered that this condition can occur not only
during periods of attack but also in patients who do not
experience attack.!'o'"

There are various parameters that indicate myocardial
repolarization in an electrocardiogram. The abnormalities
in these parameters may foresee a tendency toward
arrhyrthmia. The most commonly known of these are
the T wave, Tp-e interval, corrected Tp-e interval, the
QT interval, corrected QT interval, Q wave dispersion, P
wave dispersion. It has been found that prolonged Tp-e,
corrected QT rates are associated with life-threatening
ventricular  arrhythmias such as life-threatening
polymorphic ventricular tachycardia, torsades de pointes,
and ventricular fibrillation.'>'s! There are many studies
in the literature which have used these new indices
that indicate ventricular repolarization in FMF®>1476]
Studies have revealed that the Tp-e interval is superior
to QT dispersion in foreseeing sudden cardiac death and
ventricular arrhythmia.l'”

Our aim in this study was to evaluate the longstanding
as well as the newly developed -electrocardiogram
parameters indicating myocardial repolarization and to
assess the QT interval, corrected QT interval, Tp-e interval,
corrected Tp-e, Tp-e/corrected QT, P wave dispersion to
see whether pediatric patients diagnosed with FMF have a
predisposition toward arrhythmia.

MATERIAL AND METHOD
Study Population

Between September 2017 and September 2019, 44 pediatric
patients aged <18 years who were treated with a diagnosis of
FMF in our Pediatric Rheumatology unit were included in the
study. FMF was diagnosed according to the diagnostic criteria
proposed by Yalcinkaya and Ozen."® Those with congenital
or acquired heart disease, problems in cardiac conduction,
electrolyte imbalance, those who have had an attack in the
last 3 months, smokers, those with concomitant diseases
(diabetes, hypertension, hypothyroidism, anemia, obesity,
chronic kidney disease, chronic lung disease, etc.) and those
who were not followed up regularly were excluded from the
study.

The control group consisted of 44 children who were of
the same age and gender as those patients with FMF, had
no chronic disease, who had presented to the pediatric
cardiology outpatient clinic for an innocent heart murmur
or for a health report needed for participating in sports, or
who had presented to the pediatric rheumatology outpatient
clinic for growth pains.

The patients and the control group were matched one-to-one
in terms of age and gender. There was no difference between
the two groups in terms of body mass index.

Study Design

The blood pressure of the patients and the control group was
taken. Blood samples were drawn for a complete blood count,
glucose, creatinine, electrolyte and albumin, erythrocyte
sedimentation rate (ESR), C-reactive protein (CRP), urinalysis,
and thyroid function tests. Electrocardiography and
transthoracic echocardiography were taken. Body mass
index was calculated by dividing body weight (kilograms) by
height squared (meters). C-reactive protein was assessed by
nephelometric and ESR Westergreen methods. Laboratory
devices that were regularly monitored for accuracy and
calibration were used for the biochemistry tests and complete
blood count.

The laboratory and cardiac investigations of the patients were
evaluated for a period of at least 3 months in which there
were no attacks.

Also, the patients were divided into three groups according
to their disease severity scores—-mild, moderate and severe.
Pras et al’s scoring system!], Mor et al’s scoring system?%, and
the International Severity Score for Familial Mediterranean
Fever (ISSF)?" were employed in the scoring. The patients
were divided into groups according to these three scoring
systems and were assessed to find out whether there were
any differences between them in terms of myocardial
repolarization parameters.

The local ethics committee approved the study with its
decision of 2020/274.
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Electrocardiography

An electrocardiogram was taken at 50mm/s speed and TmV
/ cm standardization with a 12-lead electrocardiography
device after each child had rested for 10 minutes and
had been placed in a supine position (Nihon Kohden
electrocardiogram, Cardiofax GEM, Model 9022K, Tokyo,
Japan). All electrocardiography recordings were transferred
to a computer via a scanner, after which Adobe Photoshop
software was used for a x400 enlargement. To reduce the
margin of error, the measurements were made with an
electronic digital caliper. All measurements were taken by two
researchers who were blinded to the clinical condition of the
patients and controls. An average value of two measurements
was calculated for each parameter. Heart rate, rhythm, R-R
interval, P wave interval, QT interval, corrected OT interval, QT
dispersion, Tp-e interval, corrected Tp-e, Tp-e/corrected QT
were calculated.

The QT interval was calculated as from the start of the Q wave
to the point where the T wave returned to the isoelectric line,
using the corrected QT Modified Bazett formula (corrected
QT=QT/Y R-R interval). The Tp-e interval was measured as the
distance between the peak and end of the T wave. First a V5
derivation was used for the measurement and when this was
not appropriate (concentrated artifacts or T wave amplitude
of < 1.5mV), V4 and V6 leads were used respectively. QT
dispersion was found by calculating the difference between
the longest QT interval at derivation 12 and the shortest
QT interval. P wave dispersion was found by calculating the
difference between the p wave time calculated to be the
longest at derivation 12 and the P wave time calculated to be
the shortest. To adjust Tp-e time according to the corrected
QT and heart rate defined in the literature, the following
formulas were used: Tp-e corrected QT: Tp-e/corrected QT
and corrected Tp-e: Tp-e/v/R-R. The intra-observer and inter-
observer variations for all measurements were <5%, and
therefore insignificant.

Transthoracic Echocardiographic Examination

All  echocardiographic and Doppler assessments were
performed by a single pediatric cardiology expert who
was blinded to the clinical and laboratory results of
the study group. Epiq 7 echocardiography equipment
(Philips Healthcare, Minnesota, United State) with a 3MHz
phased-array transducer was used for each subject. The
echocardiographic evaluation from the parasternal long-
axis view included left ventricular end-diastolic and end-
systolic diameters, septum and left ventricular posterior
wall thicknesses in diastole and systole, and left ventricular
ejection fraction and fractional shortening. Teichholz’s
M-mode formula was used to calculate left ventricular
ejection fraction and fractional shortening. All data were
obtained according to the recommendations of the American
Society of Echocardiography.?? The left atrial dimension was
measured from the parasternal long-axis window in M-mode
echocardiograph.

Statistical Analysis

All data were analyzed with the SPSS 15.0 (SPSS Inc., Chicago,
IL, USA) program. Meantstandard deviation was used for
numerical variables, and percentages for categorical data.
If the numerical data showed normal distribution in the
comparison of the data of children with FMF and healthy
children, the Student-t test was employed; if the data did
not display normal distribution, the Mann Whitney-U test
was used. The chi-square test was used in the comparison of
categorical data. If the correlational variables between the
parameters were normally distributed, Pearson’s correlation
analysis was used, while Spearman’s correlation analysis
was employed if they were not normally distributed. A
correlation coefficient and p values were obtained. Statistical
significance was accepted as p<0.05.

RESULTS

Demographic and Clinical Characteristics

Forty-four patients with FMF and 44 healthy children were
included in the study. In both groups, there was a total of
25 girls (56.8%) and 19 boys (43.2%). The mean age of the
patients was 11.38+4.21 years; that of the control group was
11.61+4.16 years.

The mean age at which FMF started was 6.2+3.4; the duration
of the disease was a mean 5.40+3.68 years. The frequency of
attacks was at a median of once every 5 months (minimum
3 months, maximum 12 months). The duration of attacks
were at a median of 2 (minimum 2-maximum 3) days. The
median dose of colchicine taken by the patients was 0.5 mg
(minimum 0.25 mg-maximum 2 mg).

In the classification of the patients according to their disease
severity scores in line with the scoring system of Pras et
al., 9 patients (20.4%) displayed mild, 29 patients (65.9%)
showed moderate, and 6 patients (13.6%) severe forms of
the disease. According to the scoring system of Mor et al., 23
patients (52.2%) displayed mild, 13 patients (29.5%) showed
moderate, and 8 patients (18.1%) severe disease. The ISSF
scoring showed that 20 patients (45.4%) exhibited mild, 18
patients (40.9%) moderate, and 6 patients (13.6%) severe
disease.

Demographical and clinical characteristics are shown in
Table 1. Comparison of Laboratory Features

Laboratory findings and comparisons of the patients and
the control group can be seen in Table 1. Although ESR,
potassium, phosphorus, creatinine values were within the
reference range in both the FMF group and the controls,
a statistically significant difference for each value was
detected between the two groups (p values: p=0.038,
p=0.019, p=0.019, p=0.04, respectively). While creatinine
and potassium were statistically and significantly high in
the control group, the patient group displayed high levels of
phosphorus and ESR.
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Table 2: Comparison between cardiovascular, electrocardiographic and

Table 1: Demographic, clinical and laboratory characteristics of the
echocardiographic measurements of patients and controls

pediatric familial Mediterranean fever patients

FMF patients Control p FMF Control va'i’ue
n=44 n=44 value
Gend Blood pressures Mean (SD) Mean (SD)
enaer N
Male (n, %) 19 (43.2%) 19 (43.2%) : S)-/stollc. blood pressure (mmHg)  106.15 (11.93) 100 (0.0) 0.49
Female (n, %) 25 (56.8%) 25 (56.8%) Diastolic blood pressure (mmHg)  58.08 (8.30) 60 (0.0) 0.76
Age, mean (SD) 11.38 (4.21) 11.61 (4.16) 0.80 ﬂ:;i‘t’f:;‘de':tgs’aph" Mean (SD) Mean (SD)
BMI 2140 (1.32) 22.12(2.11) 0.64 Hearth rate (beat/min) 88.34(13.78)  83.74(12.76)  0.11
Clinical Manifestations Mean (SD) or Median (min-max) RR interval (msec) 486.05 (122.59) 435.07 (70.35) 0.020
QT interval (msec) 235.98 (50.81) 208.49 (22.99) 0.002
A .20 (3.42
S el QTcinterval (msec) 34098 (4529) 324.12(41.36) 0074
Disease duration (year) 540 (3.68) QT dispersion(msec) 36.64(16.12)  3530(1245)  0.67
Attack frequency (month) 5(3-12)* Tp-e interval (msec) 52.84(15.12) 47.37 (9.31) 0.046
Attack duration (day) 2 (2-3) CTp-e interval (msec) 2.39(0.56) 2.29(0.48) 0.34
.. Tp-e/QTc (ratio) 0.15(0.03) 0.15 (0.03) 0.33
poscloficelehiehealil) EO0I0Es) P dispersion (msec) 23.18(6.69)  2558(1093) 022
Severity Scores n (%) Echocardiographic
Pras et al AT Mean (SD) Mean (SD)
Mild 9(20.5) EF (%) 68.98 (4.80) 68.15 (4.08)  0.39
'g‘oderate 29(65.9) FS (%) 37.59(3.80)  3643(547) 0.5
B e IVSd thickness (mm) 740(1.19)  7.13(1.33) 031
Mor ?t al IVSs thickness (mm) 8.69 (1.37) 9.83 (9.78) 0.44
G erate 2 833 LVEDd (mm) 3533(3.98) 43.51(47.47) 026
o= 8(18.1) LVEDs (mm) 22.01 (3.26) 2244 (4.08) 059
ISSE LA dimension (mm) 22.03 (2.72) 21.49 (5.11) 0.56
Mild 20 (45.4) LVPWd (mm) 7.38(1.42) 7.43 (2.13) 0.89
Moderate 18 (40.9) LVPWS (mm) 9.43 (2.39) 9.65 (2.27) 0.65
Severe 6(13.6) Aorta diameter (mm) 19.63 (2.87) 19.57 (3.96) 095
Mean (SD) or Mean (SD) or Mitral E (m/s) 0.90 (0.08) 1.48 (3.20) 0.28
Laboratory features Median (min- Median (min- va'rue Mitral A (m/s) 0.61(0.10) 1.74 (6.69) 0.28
Y T E/A ratio 151 (0.25) 155(039) 062
CRP 1.44(1.09-2.64)* 1.52(1.25-2.32)* 0.34t SD: Standart deviation, EF: LV ejection fraction, FS: LV fractional shortening, IVSd: Interventricular
septal diameter in diastole, IVSs: Interventricular septal diameter in systole, LVEDd: LV end-diastolic
ESR 6 (3‘1 3) 4 (2‘9) 0.038t diameter, LVEDs: LV end-systolic diameter, LVPWd : LV posterior wall diameter in diastole, LVPWS: LV
posterior wall diameter in systole, LA: Left atrial dimention, Aort: Aortic dimension, mitralE: Mitral
Whc 7.27 (2.17) 7.14(2.31) 0.79 peak early diastolic wave (E), mitralA: Mitral peak late diastolic wave (A), EA: Mitral peak early diastolic
Hb 13.23 (1.33) 13.45 (1.35) 045 wave/peak late diastolic wave ratio, p<0.05 is statistically significant
Plt 313.00 (74.79 296.50 (67.58 0.29 . . .
Neuthrooh 5 G (2 ) Correlation between Patients’ Electrocardiography
euthrophi ) S7BE) 071 Parameters and Clinical Features
Na 138.90 (1.84) 138.71 (2.32) 0.68 " . .
A weak positive correlation was found between disease
K 4.30(0.29) 446 (0.33) 0.019 . . . .
q o N duration and P wave dispersion (p=0.039, correlation
’ coefficient=0.331). A weak correlation was found between
_ * a * . . .
(<] g2 BRI ey attack frequency and QT dispersion (p=0.032, correlation
P 4.75(0.51) 445(063) 0019 coefficient=-0.345), while a weak negative correlation was
Mg 2.02(0.13) 2.03(0.15) 076 found between attack duration and RR and QT intervals
Albumine 445 (4.30-4.60)* 440 (4.30-4.60) 0441 (p=0.003, correlation coefficient=-0.461; p=0.019, correlation
Creatinine 0.49 (0.14) 0.59 (0.15) 0.004 coefficient=-0.365, respectively). There was also a weak

FMF: Familial Mediterranean fever, SD: Standart deviation, Min: minimum, Max: maximum, BMI:
Body mass index, Th: Tablet, ISSF: International severity score of Familial Mediterranean Fever, CRP:
C-reactive protein, ESR: Erythrocyte sedimentation rate, Wbhc: White blood cell, Hb: Hemoglobulin,

Plt: Platelet, Na: Sodium, K: Potassium, Cl: Chlorine, Ca: Calcium, P: Phosphorus, Mg: Magnesium

*Non-normally distributed values

+ Mann-Whitney -U test, p<0.05 is statistically significant

Comparison of Cardiovascular Parameters

No difference was found between the FMF and control groups
in terms of heart rate, systolic-diastolic blood pressure and
echocardiographic parameters. The RR, QT and Tp-e intervals
were statistically and significantly higher in the patient
group compared to the controls (p values: p=0.020, p=0.002,
p=0.046, respectively). A comparison of cardiovascular
parameters can be found in Table 2.

positive correlation between ESR and QT dispersion (p=0.030,
correlation coefficient=0.240) (Table 3).

The Relationship Between Disease Severity and
Electrocardiography Parameters

Since the size of the patient group was small, the groups
were classified as mild and moderate-severe in all three
scoring systems. When evaluated in this way, it was found
that according to all three scoring systems, QT dispersion was
longer in the group with moderate-severe disease compared
to the group with mild disease (p<0.001, p=0.002, p=0.013,
respectively). The correlation between disease severity scores
and electrocardiograph data is reviewed in Table 4.
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Table 3: Correlation between electrocardiography parameters of the patients and their clinical/laboratory features

Clinical features RRinterval QT interval QT dispersion QTcinterval Tpeinterval cTpeinterval Tpe/QTcratio P wave dispersion
Age at disease onset

Coefficient corelation 0.139 0.113 -0.039 0.006 0.15 0.105 0.161 -0.065

p value 0.400 0.492 0.814 0.973 0.363 0.524 0.327 0.695
Disease duration

Coefficient corelation 0.287 0.186 0.054 0.028 0.085 -0.013 0.151 0.331

p value 0.076 0.256 0.745 0.868 0.609 0.94 0.36 0.039
Attack frequency

Coefficient corelation 0.007 -0.041 0.345 -0.059 -0.016 -0.01 -0.041 -0.078

p value 0.968 0.805 0.032 0.721 0.922 0.953 0.803 0.635
Attack duration

Coefficient corelation -0.461 -0.375 -0.024 -0.216 -0.282 -0.196 -0.411 -0.057

p value 0.003 0.019 0.882 0.187 0.082 0.233 0.090 0.729
ESR

Coefficient corelation -0.078 0.063 0.240 0.091 -0.25 0.00 -0.115 0.093

p vavlue 0.484 0.571 0.030 0.416 0.824 0.999 0.303 0.405
K

Coefficient corelation 0.039 -0.66 0.024 -0.164 -0.081 -0.107 0.053 -0.043

p value 0.726 0.549 0.825 0.136 0.464 0.333 0.634 0.638
P

Coefficient corelation 0.010 0.159 0.141 0.153 0.081 0.078 -0.017 -0.180

p value 0.932 0.153 0.208 0.175 0.571 0.487 0.877 0.106
Cre

Coefficient corelation 0.184 -0.050 0.131 -0.119 -0.074 -0.162 -0.025 0.201

p value 0.096 0.654 0.239 0.285 0.505 0.144 0.815 0.069

K: Potassium, P: Phosphorus, Cre: Creatinin, ESR: Erythrocyte sedimentation rate, QTc: Corrected QT, cTp-e: Corrected Tp-e, p<0.05 is statistically significant

Table 4: Comparison of electrocardiographic measurements among
i d

familial M

Electrocardiographic

Pras et al severity score

rranean fever patients according to disease severity

DISCUSSION

We found in our study that RR, QT and Tp-e intervals were
significantly longer in FMF patients. Since prolongations

A Mild (n=9)  Moderate-Severe P value in these parameters on the electrocardiography could
: tieaniSR M (n=35i[MeaniiSP) be related to ventricular arrhythmia, we considered that
RR"”te”’al ELB ) SEZEI720] 0.74 FMF patients may have increased cardiac arrhythmia risk
glc"l:z‘r':l ;Zi'ﬁ giiz; ;ig’z Ei;z;; g‘zg compared to the control group. We examined the correlation
QT dispersion 32'40 (94’1) 53'” s '23) <0'001 between ESR and the cardiac repolarization parameters of
i P ' ’ ’ QT and Tp-e. We could not find any correlation between ESR
Tpe interval 50.44 (13.61) 53.46 (15.61) 0.60 . .

. and these parameters, but we did detect a weak correlation
cTpe interval 2.27 (0.42) 2.43 (0.60) 0.46 . A N K X .
Tpe/QTc ratio 0.15 (0.04) 0.15 (0.03) - with QT d.lsper5|on.We alsg found that QT c!lsper5|on duration
. 25.44 (6.58) 22.60 (6.69) 0.6 was significantly longer in the group with moderate and

Mor et al severity score severe disease compared to those with mild disease. In many
Mild (n=23) Moderate-Severe p yalue stud!es, QT dlspe.r5|on has been found to be associated with
Mean (SD)  (n=21) Mean (SD) cardiac arrhythmias.?*24 |n our study, the fact that the QT and
RRinterval 516.43(128.67)  482.94(113.62) 0.08 Tpe intervals were longer in the FMF group compared to the
QT interval 244.52 (49.24) 226.62 (52.03) 0.25 controls, and that the prolongation of the QT dispersion was
QTcinterval 345.09(4067)  336.48(50.51) 0.54 also associated with the severity of the disease suggested
QT dispersion 29.19(6.70) 43.43(1912) e that subclinical inflammation predisposes to ventricular
Tpe interval 55.52(14.92) 49.90 (15.14) 0.22 arrhythmia in patients with FMF.
cTpe interval 2.45(0.57) 2.33(0.56) 0.50 . . . . . .
Tpe/QTe ratio 0.16 (0.03) 0.15 (0.03) 033 Familial Mediterranean fever is a disease that is characterized
Pelmaston 2439 (7.01) 2186 (6.22) 021 by recurrent attacks of inflammation.”® Controlling
ISSF inflammation is the most effective way of preventing the
Mild (n=20)  Moderate-Severe  yalue mortality and morbidity caused by the disease. Despite
Mean (SD) (n=24) Mean (SD) this, however, some studies have shown that the effects of
RRinterval 501.40(137.54)  473.25(109.98) 0.45 FMF persist even in the absence of inflammation.?*?”” Many
QT interval 237.10(5142)  235.04(51.39) 0.90 markers have been studied, especially in hemograms, in
Qlcinterval 34035(41.07)  341.50(49.41) v order to detect subclinical inflammation, but as yet no clear
QT dispersion 31.25 (8.66) 43.10(20.41) 0.013 conclusions have been drawn.?®?% |t was interesting to note
e irfterval SEHIOE ) LA (01 0.92 that although ESR values were in the normal range in both
cTp-einterval 237(059) 241(055) 083 our patients and in the control group, these values were
Tpe_/QTc fat'o OBz O EAE 075 significantly higher in the FMF group. This may be discussed
P dispersion 24.15 (6.96) 22.38 (6.50) 0.39

ISSF: International severity score of familial Mediterranean fever, QTc: Corrected QT, cTp-e: Corrected

Tp-e, SD: Standart deviation, p<0.05 is statistically significant

as an indication of subclinical inflammation, but this is not the
aim of our study.
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It has been shown that continued subclinical inflammation
leads to endothelial dysfunction in the heart muscle and that
endothelial dysfunction leads to vasculitis and in turn, to
ischemia-related focal fibroses.**3% In our study, no difference
was detected between the patients with FMF and the healthy
controls in terms of echocardiographic measurements, left
ventricular systolic and diastolic functions. Since we worked
with pediatric patients in our study, we considered that the
duration of the disease may not be enough to spot potential
changes in coronary microvascular circulation.

Cardiac arrhythmia is a serious condition that can result in
sudden death. It is thought that transmission problems and
rhythm disorders are associated with continued inflammation-
related ischemia and/or local fibrosis in FMF[I'34 The
myocardial repolarization QT duration, QT dispersion and
transmural repolarization can be calculated and evaluated.>3"
While the peak point of the T wave on the electrocardiography
signifies the end of the epicardial action potential and the
earliest completed repolarization on the ventricular wall,
the end of the T wave corresponds to the end of the mid
myocardial action potential; this distance is thought to indicate
total repolarization.? It is therefore believed that Tp-e reflects
transmural repolarization distribution. Furthermore, because
the Tp-e/ corrected QT ratio is not affected by dynamic changes
in heart rate in terms of indicating ventricular repolarization
and arrhythmogenesis, it is believed it is more sensitive to
indicating ventricular repolarization.*® Yamaguchi et al. have
observed that the Tp-e interval is more valuable than QT
dispersion in terms of predicting torsades de pointes in patients
with acquired long QT syndrome.® It has been noted in other
studies that the Tp-e interval is prolonged in diseases such
as rheumatoid arthritis, systemic lupus erythematosus.!“04"
Studies with adult patients have shown that the Tp-e interval
and corrected Tp-e/QT ratio is statistically and significantly
prolonged compared to healthy controls in FMEI*"! In our
study, we observed that the QT and Tp-e intervals displaying
ventricular repolarization in the FMF group were significantly
more prolonged than in the control group.

QT dispersion is an index that is newly being introduced as
a measure of arrhythmogenicity.*? Akcay found increased
QT dispersion in individuals with FMF compared to healthy
controls.” On the other hand, there are also studies that have
not indicated any significant difference between FMF and
healthy groups in terms of QT dispersion.*>*! In pediatric cases,
Fidanci et al. reported increased QT dispersion in pediatric FMF
patients compared to healthy controls.'® In a study by Koca
et al., the authors did not find a difference between FMF and
control groups in terms of QT dispersion and corrected QT
dispersion."**!

The increase in P wave dispersion is correlated with
heterogeneity in atrial transmission and it is assumed that
this is a risk for atrial fibrillation and relapse.***! In the present
study, we found a positive and weak correlation between P
wave dispersion and disease duration. On the other hand, no

difference was found between the FMF group and the healthy
controls in terms of P wave dispersion.

Differing from other studies, our research included the
evaluation of electrocardiographic parameters in terms of
patients’ disease severity scores. For a more accurate statistical
analysis, the patients were divided into two groups of mild and
moderate-severe and according to all 3 scoring systems, QT
dispersion was seen to be significantly longer in the moderate-
severe group compared to the group with mild disease. QT
dispersion’s sensitivity in determining arrhythmogenesis and
the fact that similar results were found in all 3 scoring systems
suggests that even though there may be no apparent sign of
inflammation in FMF, the subclinical inflammation occurring as
disease severity progresses will increase arrhythmogenesis.

The present study had some limitations, the most important
of which was that the sampling consisted solely of pediatric
patients and the number of patients was limited. Another
limitation was that because the follow-up periods had to
be made at short intervals due to the younger ages of the
individuals, it was not possible to work with definitive data. We
believe it will be of much more benefit from a scientific point
of view if this type of study can be carried on into the children’s
adult phase so that 5- and 10-year comparisons can be made.

CONCLUSION

In conclusion, the adverse effects of inflammation on
transmission systems are known. We detected significant
changes in our study in individuals with FMF compared to the
healthy controls, noting that moderate-severe FMF disease
showed more significant changes in terms of predicting
arrhythmogensis than in individuals with mild disease. This
led us to think that subclinical inflammation in FMF can be the
cause of ventricular arrhythmias. The correlation between the
increase in the severity of the disease and the widening of QT
dispersion reinforced our thesis. We believe that studies with
longer follow-ups and larger patient populations will enable
the collection of more accurate results.

ETHICAL DECLARATIONS

Ethics Committee Approval: The study was carried out with
the permission of Selcuk University local ethics committee
(Decision No: 2020/274).

Informed Consent: All participants signed the free and
informed consent form.

Referee Evaluation Process: Externally peer-reviewed.

Conflict of Interest Statement: The authors have no conflicts
of interest to declare.

Financial Disclosure: The authors declared that this study has
received no financial support.

Author Contributions: All of the authors declare that they
have all participated in the design, execution, and analysis of
the paper, and that they have approved the final version.



Vildan Glingorer, Cardiac Arrhythmia and Familial Mediterranean Fever

106

REFERENCES

1. Masters SL, Simon A, Aksentijevich |, Kastner DL. Horror
autoinflammaticus:the molecular pathophysiology of autoinflammatory
disease. Annu Rev Immunol 2009;27:621-68

2. Ben-Zvi |, Livneh A. Chronic inflammation in FMF:markers, risk factors,
outcomes and therapy. Nat Rev Rheumatology 2011;7(2):105.

3. Lachmann H. Clinicalimmunology review series:an approach to the patient
with a periodic fever syndrome. Clin Exp Immunol 2011;165(3):301-9.

4. Akcay A, Acar G, Sayarlioglu M et al. QT dispersion and transmural
dispersion of repolarization in patients with familial Mediterranean fever.
Mod Rheumatol 2009;19(5):550-5.

5. Nussinovitch U, Livneh A. Late ventricular potentials in familial
Mediterranean fever with and without AA amyloidosis. Eur J Rheumatol
2017;4(3):184-8.

6. Nussinovitch U,  Shoenfeld Y.  Autoimmunity and heart
diseases:pathogenesis and diagnostic criteria. Arch Immunol Ther Exp
2009;57(2):95-104.

7. Polachek A, Touma Z, Anderson M, Eder L. Risk of cardiovascular morbidity
in patients with psoriatic arthritis:a meta-analysis of observational studies.
Arthritis Care Res 2017;69(1):67-74.

8. Kaya EB, Yorgun H, Akdogan A, et al. Heart-rate recovery index is impaired
in Behcet's disease. Tex Heart Inst J 2009;36(4):282-6.

9. Rozenbaum M, Naschitz JE, Yudashkin M, et al. Cardiovascular autonomic
dysfunction in familial Mediterranean fever. J Rheumatol 2002;29(5):987-9.

10.0cal AG, Ocal L, Kup A, Eren H, Tezcan ME. Colchicine's Effects on
Electrocardiographic ~ Parameters in Newly Diagnosed Familial
Mediterranean Fever Patients: Colchicine may have Favorable Effects on
Parameters Related to Ventricular Arrhythmias in New Diagnosed Familial
Mediterranean Fever. Z Rheumatol 2020;79(2):210-5.

11. Arslan D, Oran B, Yazilitas F, Peru H, Cimen D, Vatansev H. P-wave duration
and dispersion in children with uncomplicated familial Mediterranean
fever. Mod Rheumatol 2013;23(6):1166-71.

12. Antzelevitch C, Shimizu W, Yan G-X, Sicouri S. Cellular basis for QT
dispersion. J Electrocardiol 1998;30:168-75.

13.Kors JA, Ritsema van Eck HJ, van Herpen G. The meaning of the Tp-Te
interval and its diagnostic value. J Electrocardiol 2008;41(6):575-80.

14. Ahbap E, Sakaci T, Kara E, et al. Familial Mediterranean Fever is associated
with abnormal ventricular repolarization indices. Rev Med Chil
2015;143(12):1560-8.

15.Karaman K, Karayakali M, Erken E, et al. Assessment of myocardial
repolarisation parameters in patients with familial Mediterranean fever.
Cardiovasc J Afr 2017;28(3):154-8.

16. Fidancr MK, Kilic A, Gilglin M, et al. QT and JT dispersion in children with
familial Mediterranean fever. Arch Rheumatol 2015;30(4):343-8.

17.Shimizu M, Ino H, Okeie K, et al. T-peak to T-end interval may be a better
predictor of high-risk patients with hypertrophic cardiomyopathy
associated with a cardiac troponin | mutation than QT dispersion. Clin
Cardiol 2002;25(7):335-9.

18. Yalcinkaya F, Ozen S, Ozcakar ZB, et al. A new set of criteria for the diagnosis
of familial Mediterranean fever in childhood. Rheumatology (Oxford)
2009;48(4):395-8.

19.Pras E, Livneh A, Balow JE Jr, et al. Clinical differences between North
African and Iraqi Jews with familial Mediterranean fever. Am J Med Genet
1998;75(2):216-9.

20.Mor A, Shinar Y, Zaks N, et al. Evaluation of disease severity in familial
Mediterranean fever. Semin Arthritis Rheum 2005;35(1):57-64.

21. Demirkaya E, Acikel C, Hashkes P, et al;FMF Arthritis Vasculitis and Orphan
disease Research in pediatric rheumatology (FAVOR). Development
and initial validation of international severity scoring system for familial
Mediterranean fever (ISSF). Ann Rheum Dis 2016;75(6):1051-6.

22. Mitchell C, Rahko PS, Blauwet LA, et al. Guidelines for Performing a
Comprehensive  Transthoracic Echocardiographic  Examination in
Adults:Recommendations from the American Society of Echocardiography.
J Am Soc Echocardiogr 2019;32(1):1-64.

23. Alp H, Baysal T, Altin H, Karatas Z, Karaarslan S. QT and P-wave dispersions
in rheumatic heart disease:prospective long-term follow up. Pediatr Int
2014;56(5):681-8.

24. Kittnar O, Lechmanova M. Disperze QT intervalu [QT interval dispersion].
Cesk Fysiol 2001;50(3):125-33.

25.Ben-Chetrit E, Levy M. Familial Mediterranean fever. The Lancet
1998;351(9103):659-64.

26.Uslu AU, Deveci K, Korkmaz S, et al. Is neutrophil/lymphocyte ratio
associated with subclinical inflammation and amyloidosis in patients with
familial Mediterranean fever? Biomed Res Int 2013;2013:185317.

27.Lachmann HJ, Sengll B, Yavuzsen TU, et al. Clinical and subclinical
inflammation in patients with familial Mediterranean fever and in
heterozygous carriers of MEFV mutations. Rheumatology (Oxford)
2006;45(6):746-50.

28.Marzouk H, Mostafa N, Khalifa I, et al. Red Cell Distribution Width (RDW)
as a Marker of Subclinical Inflammation in Children with Familial
Mediterranean Fever. Curr Rheumatol Rev 2020;16(4):298-303.

29.0zer S, Yilmaz R, Sénmezgdz E, et al. Simple markers for subclinical
inflammation in patients with Familial Mediterranean Fever. Med Sci Monit
2015;21:298-303.

30.Shoenfeld Y, Gerli R, Doria A, et al. Accelerated atherosclerosis in
autoimmune rheumatic diseases. Circulation 2005;112(21):3337-47.

31.Karaman K, Karayakali M, Saglam E, et al . Evaluation of Tp-e Interval and
Tp-e/QT Ratio in Patients with Familial Mediterranean Fever. Am J Cardiol
2016;117:90-1.

32.Giese A, Ornek A, Kurucay M, et al. P wave dispersion and QT dispersion in
adult Turkish migrants with familial mediterranean fever living in Germany.
Int J Med Sci 2014;11(11):1140-6.

33.Caliskan M, Gullu H, Yilmaz S, et al. Impaired coronary microvascular
function in familial Mediterranean fever. Atherosclerosis 2007;195(2):161-7.

34. Coronel R, Wilders R, Verkerk AO, Wiegerinck RF, Benoist D, Bernus O.
Electrophysiological changes in heart failure and their implications for
arrhythmogenesis. Biochim Biophys Acta Mol Basis Dis 2013;1832(12):2432-
41.

35. Antzelevitch C, Sicouri S, Di Diego JM, et al. Does Tpeak-Tend provide
an index of transmural dispersion of repolarization? Heart Rhythm
2007;4(8):1114-6.

36.Sicouri S, Antzelevitch C. A subpopulation of cells with unique
electrophysiological properties in the deep subepicardium of the canine
ventricle. The M cell. Circ res 1991;68(6):1729-41.

37.Yan G-X, Wu Y, Liu T, Wang J, Marinchak RA, Kowey PR. Phase 2 early
afterdepolarization as a trigger of polymorphic ventricular tachycardia in
acquired long-QT syndrome:direct evidence from intracellular recordings
in the intact left ventricular wall. Circulation 2001;103(23):2851-6.

38. Gupta P, Patel C, Patel H, et al. Tp-e/QT ratio as an index of arrhythmogenesis.
J Electrocardiol 2008;41(6):567-74.

39.Yamaguchi M, Shimizu M, Ino H, et al. T wave peak-to-end interval
and QT dispersion in acquired long QT syndrome:a new index for
arrhythmogenicity. Clin Sci (Lond) 2003;105(6):671-6.

40. Acar GR, Akkoyun M, Nacar AB, et al. Evaluation of Tp-e interval and Tp-e/
QT ratio in patients with rheumatoid arthritis. Turk Kardiyol Dern Ars
2014;42(1):29-34.

41.Avci A, Demir K, Altunkeser BB, et al. Assessment of inhomogeneities
of repolarization in patients with systemic lupus erythematosus. Ann
Noninvasive Electrocardiol 2014;19(4):374-82.

42.Bazoukis G, Yeung C, Wui Hang Ho R, et al. Association of QT dispersion
with mortality and arrhythmic events-A meta-analysis of observational
studies. J Arrhythm 2019;36(1):105-15.

43.Koca B, Kasapcopur O, Bakari S, et al. QT dispersion and cardiac
involvement in children with Familial Mediterranean fever. Cardiol Young
2012;22(4):404-9.

44, Okutucu S, Aytemir K, Oto A. P-wave dispersion:What we know till now?.
JRSM Cardiovasc Dis 2016;5:2048004016639443.

45.Boos CJ, Anderson RA and Lip GY. Is atrial fibrillation an inflammatory
disorder? Eur Heart J 2006;27:136-49



