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ABSTRACT

Objectives: Several studies have suggested that the interval
from the peak to the end of the electrocardiographic T wave
(Tp-e) may correspond to the transmural dispersion of repolar-
ization and that increased Tp-e interval and Tp-e/QT ratio are
associated with malignant ventricular arrhythmias. The aim of
this study was to evaluate ventricular repolarization by using
the Tp-e interval and Tp-e/QT ratio in patients with rheumatoid
arthritis (RA), and to assess the relation with inflammation.
Study design: Ninety-six patients (72 females, 24 males; mean
age 43.8+11.8 years) with RA and 50 controls (35 females, 15
males; mean age 44.2+11.1 years) were included. From the 12-
lead electrocardiogram, Tp-e interval and Tp-e/QT ratio were
measured. Blood samples were taken for erythrocyte sedi-
mentation rate (ESR) and plasma levels of C-reactive protein
(CRP). These parameters were compared between groups.
The relationship between ventricular repolarization and inflam-
mation was assessed by Pearson correlation coefficients.
Results: Tp-e interval and Tp-e/QT ratio were increased in RA
patients compared to the controls (72.6+8.2 vs 66.4+8.5 ms,
0.20+0.02 vs 0.18+0.02; p<0.001 and p<0.001, respectively).
The Tp-e interval was significantly correlated with CRP, ESR,
and disease activity score (DAS-28) (r=0.56, p<0.001, r=0.57,
p<0.001, and r=0.29, p=0.02, respectively). The Tp-e/QT ratio
was also correlated with CRP, ESR, and DAS-28 score (r=0.43,
p<0.001, r=0.53, p<0.001, and r=0.25, p=0.03, respectively).
Conclusion: In RA patients, the increased frequency of ven-
tricular arrhythmias may be explained by increased indexes
of ventricular repolarization and their relationship with inflam-
mation.

OZET

Amac: Elektrokardiyogramda T dalgasinin tepesinden sonuna
kadar olan araligin (Tp-e) repolarizasyon dispersiyonuna kar-
silik gelebilecegi ve Tp-e araligi ve Tp-e/QT oranindaki artisin
hayati tehdit eden ventrikul aritmileri ile iligkili oldugu cesitli
calismalarda gosterilmigtir. Bu ¢alismanin amaci romatoit art-
rit (RA) saptanan hastalarda Tp-e araligi ve Tp-e/QT oranini
kullanarak ventrikul repolarizayonunu degerlendirmek ve enf-
lamasyon ile iligkisini aragtirmaktir.

Calisma plani: Romatoit artritli 96 hasta (72 kadin, 24 erkek;
ort. yas 43.8+11.8 yil) ve kontrol grubu icin 50 kisi (35 kadin,
15 erkek; ort. yas. 44.2+11.1 yil) calismaya alindi. On iki deri-
vasyonlu elektrokardiyogramdan Tp-e suresi ve Tp-e/QT orani
olguldu. Eritrosit sedimentasyon hizi (ESH) ve C-reaktif pro-
tein (CRP) duzeyleri icin kan ornegi alindi. Bu parametreler
gruplar arasinda karsilastiriidi. Ventrikul repolarizasyonu ve
enflamasyon arasindaki iliski Pearson korelasyon analizi ile
degerlendirildi.

Bulgular: Kontrol grubu ile karsilastirildiginda, Tp-e arali-
g1 ve Tp-e/QT orani RAll hastalarda daha yuksek idi (sira-
slyla, 72.6+8.2 ve 66.4+8.5 ms, p<0.001 ve 0.20+0.02 ve
0.18+0.02, p<0.001). Tp-e arahgi, CRP, ESH ve hastalik ak-
tivite skoru (DAS-28) ile anlamli olarak bagintil idi (sirasiyla,
r=0.56, p<0.001, r=0.57, p<0.001, ve r=0.29, p=0.02). Tp-e/
QT orani da CRP, ESH ve DAS-28 skoru ile anlamh olarak
bagintihydi (sirasiyla, r=0.43, p<0.001, r=0.53, p<0.001 ve
r=0.25, p=0.03).

Sonug¢: Romatoit artritli hastalarda ventrikul aritmisi sikhigin-
daki artig, ventrikul repolarizasyon indekslerindeki artis ile ve
bunlarin enflamasyon ile olan iligkisi ile aciklanabilir.
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heumatoid arthritis (RA) is a chronic multisys-

temic and inflammatory disease. The frequency
of cardiovascular disease is increased in RA pa-
tients, including ischemic heart disease, systolic and/
or diastolic heart failure, pericarditis, myocarditis,
vasculitis, conduction system abnormalities, and ar-
rhythmias. In addition, this patient population suffers
significantly increased cardiovascular mortality and
sudden cardiac death, when compared with the gen-
eral population.[-*]

Increased sympathetic activity and inflammatory
activity may cause cardiac arrhythmias and cardio-
vascular death by causing electrical disturbances
during ventricular repolarization in these patients.
161 Myocardial repolarization can be evaluated with
QT interval (QT), corrected QT interval (QTc), QT
dispersion (QTd), and transmural dispersion of repo-
larization.””® Previous studies have indicated that the
Tp-e interval, which is the interval between the peak
and the end of T wave on electrocardiogram (ECG),
is accepted as an index of total dispersion of repolar-
ization (transmural, apicobasal, and global).®*! Fur-
thermore, an increased Tp-e interval might be a useful
index to predict ventricular tachyarrhythmias and car-
diovascular mortality.l'"!*l However, the Tp-e interval
might be affected by variations in body weight and
heart rate.l'¥ Recently, it was suggested that the Tp-e/
QT ratio may serve as an accurate index for the dis-
persion of ventricular repolarization, independent of
alterations in heart rate.l'*!> Tt has also been suggested
that the Tp-e/QT ratio is a more accurate predictor of
ventricular arrhythmogenesis than the QT, QTc and
Tp-e intervals.!'

Ventricular repolarization has been evaluated by
using T wave and QT interval measurements in pa-
tients with RA.['¢!81 However, the Tp-e interval and
Tp-e/QT ratio, novel repolarization indexes, have not
been studied in these patients. The aim of this study
was to evaluate ventricular repolarization by using the
Tp-e interval and Tp-e/QT ratio in RA patients, and to
assess the relation with inflammation.

PATIENTS AND METHODS

Study populations

The study included 96 consecutive patients (72 fe-
males, 24 males; mean age, 43.8+11.8 years) who
were diagnosed as having RA according to the revised

classification of the ppp eviations:
American College of .,
Rheumatology.l'”) The
control group com-
prised 50 age- and gen- gy Lefi ventricular
der-matched  healthy or  orimerva
volunteers (35 females, OTe Corrected QT interval
15 les: ord OT dispersion
males; mean age’ RA Rheumatoid arthritis
44.2+11.1 years) se-
lected among office staff in our hospital.

C-reactive protein

DAS-28 Disease Activity Score-28
ECG Electrocardiogram

ESR Erythrocyte sedimentation rate

Exclusion criteria were the presence of the follow-
ing: coronary artery disease, arterial hypertension,
left ventricular (LV) wall motion abnormality, LV
ejection fraction less than 50%, primary cardiomy-
opathy, valvular heart disease, bundle branch block
and atrioventricular conduction abnormalities on the
ECG, thyroid dysfunction, anemia, hypercholesterol-
emia, electrolyte imbalance, renal failure, pulmonary
disease, and poor electrocardiographic imaging. All
the patients were in sinus rhythm, and none was tak-
ing medications such as anti-tumor necrosis factor
drugs, antiarrhythmics, tricyclic antidepressants, an-
tihistaminics, or antipsychotics. All the patients were
receiving one or more disease-modifying anti-rheu-
matic drugs (hydroxychloroquine, methotrexate, and
sulfasalazine) and steroids. The findings of transtho-
racic echocardiographic examination and Disease Ac-
tivity Score-28 (DAS-28)12% were obtained from the
medical records. Blood samples were taken for eryth-
rocyte sedimentation rate (ESR), plasma levels of C-
reactive protein (CRP, mg/L), and rheumatoid factor
(IU/ml). Written informed consent was obtained from
each subject, and the institutional ethics committee
approved the study protocol.

Electrocardiography

The 12-lead ECG was recorded at a paper speed of
50 mm/s (Hewlett Packard, Page-writer, USA) in the
supine position. ECG measurements of QT and Tp-e
intervals were performed by two cardiologists who
were blinded to the patient data. To decrease the error
measurements, QT and Tp-e intervals were measured
manually with calibers and magnifying glass. Sub-
jects with U waves on their ECGs were excluded from
the study. An average value of three readings was cal-
culated for each lead. The QT interval was measured
from the beginning of the QRS complex to the end of
the T wave, and was corrected for heart rate using the
Bazett formula: cQT = QTdV (R-R interval). The QTd
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was calculated by subtracting the shortest QT or QTc
interval in any lead from the longest one. The Tp-e
interval was defined as the interval from the peak of
T wave to the end of T wave, and was corrected for
heart rate. Measurements of the Tp-e interval were
performed from precordial leads. The Tp-e¢/QT ratio
was calculated from these measurements. Interob-
server and intraobserver coefficients of variation were
2.5% and 2.8%, respectively.

Statistical analysis

The Statistical Package for the Social Sciences
15.0 program (SPSS Inc., Chicago, IL, USA) was
used for the statistical study. All values are given as
meanz+standard deviation. Mean values of continuous
variables were compared between groups using the
Student t test or Mann-Whitney U-test, according to
whether they were normally distributed or not, as test-
ed by the Kolmogorov-Smirnov test. The chi-square
test was used to assess differences between categori-

cal variables. Pearson’s correlation coefficients were
used to assess the strength of the relationship between
continuous variables. A p value of less than 0.05 was
considered significant.

RESULTS

Clinical characteristics and echocardiographic find-
ings of the two groups are shown in Table 1. Age, sex,
body mass index, body surface area, smoking status,
systolic and diastolic blood pressure, heart rate, LV
end-diastolic dimension, LV end-systolic dimen-
sion, LV mass, left atrium dimension, and LV ejec-
tion fraction were similar between the two groups
(p>0.05). ESR, plasma level of CRP and rheumatoid
factor were significantly higher in the patients with
RA as compared with controls (all p values <0.001).
The mean DAS-28 score was 4.4+1.2 in RA patients,
and the mean disease duration was 70.6+65.4 months
(Table 1).

Table 1. Clinical characteristics, laboratory and echocardiographic findings of the patients

Patients with RA (n=96) Control group (n=50) p
n % Mean+SD n % Mean+SD

Age (years) 43.8+11.8 44.2+111 NS
Sex

Female 72 75 35 70 NS

Male 24 25 15 30 NS
Body mass index (kg/m?2) 27.9+4.6 27.8+5.1 NS
Body surface area (m?) 1.8+0.2 1.8+0.1 NS
Smoking 20 21 11 22 NS
Systolic blood pressure (mmHg) 116.2+11.4 117.0+10.1 NS
Diastolic blood pressure (mmHg) 74.7+7.5 74.3+7.2 NS
Heart rate (beats/min) 81.1+10.6 79.6+11.3 NS
LV EDD (mm) 46.9+3.7 47.3+4.0 NS
LV ESD (mm) 28.9+3.4 29.4+3.4 NS
LV mass index (g/m2) 101.6+£10.7 100.5+£9.8 NS
Left atrial dimension (mm) 33.9+4.2 34.1+4.7 NS
LV ejection fraction (%) 67.5+8.6 66.7+5.4 NS
Erythrocyte sedimentation rate (mm/h) 30.3+14.3 14.6+11.7 <0.001
C-reactive protein (mg/l) 7.5+4.5 4.0+2.3 <0.001
Rheumatoid factor (IU/ml) 175.6+130.5 10.1£5.2 <0.001
Disease Activity Score 28 4.4+1.2 -
Disease duration (months) 70.6+65.4 —

RA: Rheumatoid arthritis; LV: Left ventricular; LV EDD: LV end-diastolic dimension; LV ESD: LV end-systolic dimension; NS: Not significant.
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Table 2. Electrocardiographic findings of the groups
Patients with RA (n=96) Control group (n=50) p
Mean+SD Mean+SD

QT maximum (ms) 372.8+27.3 369.3+22.4 0.44
Corrected QT maximum (ms) 428.5+24.9 4141+21.2 0.001
QT minimum (ms) 334.8+27.4 340.4+20.6 0.21
Corrected QT minimum (ms) 384.6+22.7 381.8+21.0 0.46
QT dispersion (ms) 38.0+14.2 28.9+7.9 <0.001
Corrected QT dispersion (ms) 43.9+17.8 32.3+8.4 <0.001
Tp-e (ms) 72.6+8.2 66.4+8.5 <0.001
cTp-e (ms) 83.6+9.6 74.4+8.6 <0.001
Tp-e/QT 0.20+0.02 0.18+0.02 <0.001

RA: Rheumatoid arthritis; Tp-e: Transmural dispersion of repolarization; cTp-e: Corrected transmural dispersion of repolarization.

Electrocardiographic parameters of the groups are
shown in Table 2. Maximum corrected QT (cQTmax),
QTd, cQTd, and Tp-e intervals were significantly in-
creased in RA patients compared to the control group
(p=0.001, p<0.001, p<0.001, and p<0.001, respective-
ly). The Tp-e/QT ratio was also significantly higher in
RA patients compared to the control group (p<0.001).

The Tp-e interval and Tp-e/QT ratio were not corre-
lated with age, systolic/diastolic blood pressure, LV
ejection fraction, left atrium diameter, or disease du-
ration. The Tp-e interval was significantly correlated
with CRP (r=0.56, p<0.001) (Fig. 1), ESR (r=0.57,
p<0.001), and DAS-28 score (r=0.29, p=0.02). The
Tp-¢/QT ratio was significantly correlated with CRP

(r=0.43, p<0.001) (Fig. 2), ESR (r=0.53, p<0.001),
DAS-28 score (r=0.25, p=0.03), and rheumatoid fac-
tor (r=0.22, p=0.04).

DISCUSSION

The present study showed that the Tp-e interval and
Tp-e/QT ratio were prolonged in patients with RA
when compared to control subjects. In addition, these
electrocardiographic parameters were positively cor-
related with plasma level of CRP and ESR.

Rheumatoid arthritis is a systemic disease char-
acterized by increased inflammatory activity. Several
forms of cardiac involvement have been described in
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Figure 1. Correlation between the Tp-e interval and plasma
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ma level of C-reactive protein.
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RA.I21 Inflammation is known to play an essential
role in the pathogenesis of cardiovascular disease,
such as coronary artery disease and arrhythmia.® In-
flammatory biomarkers have been evaluated in the
setting of coronary heart disease, in which chronic
inflammation and thrombosis can transform a stable
atherosclerotic plaque to an unstable lesion. This phe-
notype of acute plaque rupture is known to be relat-
ed with ventricular arrhythmias and sudden cardiac
death events. Elevated CRP may increase the risk of
fatal complications from acute coronary syndromes.
CRP may also have direct arrhythmogenic properties
by locally activating complement and inducing oxida-
tive stress and apoptosis.?

Cardiac rhythm disorder is one of the important
causes of mortality and morbidity in patients with
RA, and may be secondary to ischemia and conduc-
tion abnormalities.'¥] Furthermore, abnormalities of
ventricular repolarization due to cardiac structural
changes, autonomic impairment and increased in-
flammatory activity could result in increased sudden
cardiac deaths and ventricular arrhythmias in RA pa-
tients.["*) When compared with healthy controls, it has
been shown that QTd and cQTd intervals were signifi-
cantly longer in RA patients, and was then suggested
that increased cardiovascular morbidity and mortal-
ity may be due to complex ventricular arrhythmias in
these patients.!'”!¥] Additionally, Janse van Rensburg
et al. and Evrengiil et al.* reported that an inability
of the autonomic nervous system could play a key role
in the development of ventricular arrhythmias in RA.

The Tp-e interval and Tp-e/QT ratio are well-
known electrocardiographic markers of increased dis-
persion of ventricular repolarization.®!'¥ These mark-
ers are also used as an electrocardiographic index
of ventricular arrhythmogenesis and sudden cardiac
death.®1%1¢ Previous studies have shown that prolon-
gation of the Tp-e interval is associated with increased
mortality in Brugada syndrome, long QT syndromes,
and hypertrophic cardiomyopathy, and in patients un-
dergoing primary percutaneous coronary intervention
for myocardial infarction.!'%!>15] Several investigators
have studied repolarization patterns in patients with
RA, and they have seen that QTd is increased com-
pared to controls.['”'® However, in these studies, only
QTd had been used to assess the homogeneity of car-
diac repolarization, and no information about the rela-
tion with inflammation was shown. In another study,

we recently reported that the Tp-e interval and Tp-e/
QT ratio were increased in ankylosing spondylitis
patients, and these ventricular repolarization indexes
were correlated with inflammation.!**! Myocardial fi-
brosis is a well-known complication of RA, which is
thought to develop due to chronic inflammation.?*
Therefore, the involvement of myocardial tissue may
cause the development of heterogeneity in repolariza-
tion, which may also contribute to the development of
ventricular arrhythmias in patients with RA.

Our results may contribute to the pathophysi-
ological mechanisms of the increased prevalence of
ventricular arrhythmias and cardiovascular mortality
risk by indicating increased ventricular repolarization
heterogeneity and increased inflammation in these pa-
tients. The increased frequency of ventricular arrhyth-
mia and sudden cardiac death might be explained by
prolonged transmural dispersion and chronic ongoing
systemic inflammation in RA patients. There are lim-
ited data evaluating the Tp-e interval and Tp-e/QT ra-
tio in systemic inflammatory diseases. Therefore, our
findings may be a reference for further studies.

Limitations

The major limitation of our study is its cross-sectional
design and lack of follow-up of the patients. We did
not assess the association between ventricular ar-
rhythmias with the Tp-e interval and Tp-e/QT ratio.
Further, the study population could not be followed
up prospectively for ventricular arrhythmic episodes.
Therefore, we could not evaluate the potential prog-
nostic role of the electrocardiographic ventricular re-
polarization indexes with respect to future untoward
events. Thus, long-term follow-up and large-scale
prospective studies are needed to determine the pre-
dictive value of prolonged Tp-e interval and increased
Tp-e/QT ratio in this population. Finally, manual mea-
surement of QT and Tp-e intervals on paper-printed
ECG might have underpowered the results because
they would be more reliable if measured on the high-
resolution screen of a digital system.

In conclusion, our study revealed that the Tp-e
interval and Tp-e¢/QT ratio were increased in RA pa-
tients. Our results also indicated that these electrocar-
diographic ventricular repolarization indexes were
significantly correlated with inflammation and disease
activity. The Tp-e interval and Tp-e/QT ratio might
be useful markers of cardiovascular morbidity and
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mortality due to complex ventricular arrhythmias in
patients with RA.
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