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ABSTRACT

During the acute phase of acute rheumatic fever (ARF), cardiac arrhythmias and conduction disorders may occur. Standard
electrocardiogram (ECG) may be insufficient in the cases of possible paroxysmal rhythm or conduction abnormalities. The
aim of this study is to evaluate arrhythmias and conduction disorders and benefits of 24-hour Holter ECG on detecting
these disorders in children with ARF.

Two hundred and ten patients who were diagnosed with ARF during a four-year period, were retrospectively analyzed.
Demographic characteristics, clinical, laboratory, and echocardiographic findings of the patients were evaluated. Standard
ECG and 24-hour Holter analysis were examined.

First (47.8%), second (6.9%) and third degree (4.3%) atrioventricular (AV) blocks, bundle branch blocks (9.8%),
intermittent pre-excitation (1.1%), accelerated nodal rhythm (15.2%), supraventricular (10.9%) and ventricular premature
contractions (8.7%), as well as supraventricular (3.3%) and ventricular tachycardia (1.1%) were detected with 24-hour
Holter ECG. Frequency of both rhythm and conduction abnormalities were detected higher with Holter ECG than 12-lead
ECG, and this was statistically significant (p<0.05). Second degree type II AV block and non-sustained supraventricular
tachycardia as well as intermittent complete AV block were detected on 24-hour Holter analysis in patients with normal
initial standard ECG.

The incidence of rhythm and conduction abnormalities is higher than traditionally known. 24-hour Holter ECG is very
helpful to detect especially paroxysmal abnormalities and to determine the more exact incidence of rhythm and conduction
abnormalities in patients with ARF. For this reason, we suggest a routine 24-hour Holter ECG analysis in pediatric heart
centers for patients diagnosed with ARF.
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Introduction

Acute rheumatic fever (ARF) is the most common
acquired heart disease among children living in
developing countries (1). During the acute phase
of the disease, cardiac arrhythmias and conduction
disorders can be seen (2-4). First degree
atrioventricular (AV) block, which is a minor
diagnostic criterion of the disease, is frequently
seen, while advanced AV block, supraventricular
tachycardia, bundle branch blocks, junctional
rhythm, premature contractions and ventricular
tachycardia are rarely seen (3-7). Although 12-lead
electrocardiogram is sufficient for determining the
cardiac rhythm in most of the cases, 24-hour
Holter monitoring may be useful in the cases of
possible paroxysmal rhythm or conduction

abnormalities (3,4). The aim of this study is to
provide an overview of the frequency of

arrhythmias and conduction disorders in children
with ARF.

Materials and Method

Two hundred and twenty-nine patients who
admitted to Pediatric Cardiology Department of
Van Training and Research Hospital between
December 2014 and December 2018 and
diagnosed with ARF were retrospectively
analyzed. Demographic characteristics, clinical,
laboratory, electrocardiographic and
echocardiographic findings of the patients were
evaluated. Complete blood count, titers of
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Fig. 1. The frequencies of the major criteria detected
in study group

antistreptolysin-O (ASO), throat culture for group
A B-hemolytic streptococcus, C-reactive protein
and erythrocyte sedimentation rate levels as well
as electrocardiogram and  echocardiographic
analysis were also obtained.

Echocardiographic examinations were performed
using a General Electric Vivid Pro 7 (Vingmed
Ultrasound, Norway) echocardiography device.
24-hour Holter ECG monitoring was performed
using 3 or 12-lead DMS 9800 Holter recorder, and
the recordings were analyzed by using
Cardioscan12 Holter analysis program (DMS Inc.,
New York, United States of America). Holter
ECG was performed as a routine procedure if
Holter recorder device was available at the time of
admission for the last two years of the study
period, while the presence of abnormal ECG
finding or any complaint suspicious with rhythm
or conduction abnormality were the indications
for a Holter ECG monitoring for the previous
years of the study period. A control 24-Holter
ECG analysis was performed for all of the
patients who had any abnormal finding in initial
Holter ECG analysis.

The diagnosis of acute rheumatic fever was made
in accordance with the modified Jones criteria,
revised in 2015 (8). Benzathine penicillin G was
started for secondary prophylaxis with 3 week
intervals in all patients. Oral steroids, and non-
steroidal anti-inflammatory drugs (NSAIDs) when
the steroid was gradually decreased, were given in
the presence of moderate-to-severe carditis,
whereas NSAIDs was given alone in the situation
of mild carditis. Anti-congestive  therapy
consisting of digoxin, diuretics, or angiotensin-
converting enzyme inhibitors was started in
patients with evidence of heart failure. Oral
NSAIDs were given in the case of isolated
arthritis. Treatment was continued for 4-8 weeks
according to the severity of carditis together with
clinical and laboratory responses to treatment.

/ Electrocardiographic changes related with ARF

16,0% 15,2%
14,0%
12,0%
10,0%
8,0%
6,0%

8,7%

3,3% > 3,3
4,0%
-
20% MO ﬁgll'o o,olb'l/n sk
0,0%
+ SO UK v
FFIFSTSTFF S
T & ¥ &
S
FFFFETSFES S
<\Q (3 R 0\* %@ & @V R @V A
< S L & & & & S
@0‘6 SR RS & &
= & \(9\ A® & \\®
& & /83
Q“/e N &
5
&
N

MECG, n: 210 @ 24-hr Holter, n:92

Fig. 2. Comparison of rhythm and conduction
abnormalities detected with standard ECG and 24-hour
Holter ECG

Statistical Analysis: The statistical analysis was
performed using Statistical Package for Social
Sciences Software, version 21. Demographic and
clinical  variables summarized  with
descriptive statistics. Categorical variables were
summarized as absolute frequency and percentage,
whereas continuous variables were summarized as
the median, mean and standard deviation.

were

Results

Patient demographics: Two hundred and twenty-
nine patients who were diagnosed with ARF were
revealed. Nineteen cases were excluded due to
lack of ECG reports. The remaining 210 patients
were included in the study group. The mean age at
diagnosis was 11.58 * 3.24 years (median: 12,
range: 4-18 years) and 54.2% of the patients
(n=114) were females. Recurrent rheumatic fever
was present in 11 (5.2%) of the cases while the
remaining 199 (94.8%) were diagnosed at first
attack.

Major criteria: The frequencies of the major
criteria are given in Figure 1. The most common
major criterion was the carditis (81.9%, n=172)
and subclinical silent carditis was constituting
16.8% (n=29) of those cases. Mild, moderate and
severe carditis were observed in 63.3%, 25.5%,

12.2% of the patients with carditis. Mitral
regurgitation was the most common valve
involvement. Isolated mitral and aortic wvalve

regurgitation was present in 46.6% (n=98) and
8.1% (n=17) of all cases, respectively while
involvement of both mitral and aortic valve
regurgitation was present in 27.1% (n=57).
Ninety-four (44.7%) patients had  arthritis and
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Fig. 3. 3-lead 24-hour Holter ECG record of a patient with Mobitz type IT AV block

88.3% of them were polyarthritis while the
remaining had mono-arthritis.

Minor criteria and evidence of GABHS infection:
Fever was the most common minor criterion
(89.0%). Polyarthralgia in the absence of arthritis
was present in 20.4% of the cases. First degree AV
block on standard ECG was detected 34.2% of the
patients. Anti-streptolysin-O titers were elevated
in all patients except in four patients whom ASO
titers were below 200 IU on admission, but
prominently rising titers of ASO were detected
after 48 hours of admission. 42.4% patients had a
positive throat culture for group A B-hemolytic
streptococcus. The median erythrocyte
sedimentation rate and C-reactive protein values
on admission were 61 mm/hour (range: 30-112)
and 21 mg/dl (range: 5-68), respectively.

Rhythm and Conduction Abnormalities: Rhythm
and conduction abnormalities detected with
standard ECG and 24-hour Holter ECG
monitoring are shown on figure 2. Standard ECG
was performed in all of the 210 cases, whereas 24-
hour Holter ECG was performed in 92 patients.
Forty-three (46.7%) of the 24-hour Holter ECGs
were belonged to patients with abnormal ECG
findings on admission, while 49 (53.3%) had a
normal ECG on admission. The most frequent
conduction abnormality detected by standard
ECG and Holter ECG monitoring was 1t degree
AV block, as expected. Regarding the standard
ECG on admission, apart from 15t degree AV
block, bundle branch block and accelerated nodal
rhythm were the two most common abnormality.
Incidence of both rhythm and conduction
abnormalities were higher in the 24-hour Holter
monitor records when compared with standard

ECG, and this was statistically significant
(p<0.05). In addition, second degree type 1I AV
block (figure 3), intermittent complete AV block
(figure 4) and non-sustained supraventricular
tachycardia (figure 5) were detected on 24-hour
Holter analysis in patients with normal initial
standard ECG. Syncope was observed in a patient
with complete AV block and pre-syncope in the
case with sustained ventricular tachycardia (figure
6). The patient with ventricular tachycardia
responded well to acute treatment with lidocaine
and a short maintenance treatment with
propranolol. No specific treatment including any
medication or pacemaker implantation was
required for other cases with any rhythm or
conduction disorder. After the anti-inflammatory
treatment, all the blocks, accelerated nodal
rhythm, non-sustained supraventricular and
sustained ventricular tachycardia were completely
resolved, while supraventricular premature ectopy
in 4 patients and ventricular premature ectopy in 2
patients were persisted on 24-hour Holter
recording.

Discussion

Acute rheumatic fever (ARF) is an inflammatory
disease which is caused group A B-hemolytic
Streptococcus (1) infection and is still an
important reason for mortality and morbidity in
low in-come countries (9,10). Although the exact
mechanism of ARF is not clear, autoimmune
response to throat infection caused by S. pyogenes
in a host with predisposing conditions is suggested
widely as the pathogenesis of the disease (11,12).
According to the 2015 revised Jones criteria,
diagnostic criteria is divided according to low-risk
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Fig. 4. 12-lead 24-hour Holter ECG records of the
patient with intermittent complete AV block

populations  and  moderate- to  high-risk
populations (8) . As found in our study, carditis is
the most common presentation of ARF and also
has important consequences in the course of the
disease (13).

Various rhythm and conduction abnormalities
have been reported in the literature (3-7,14,15).
Although most patients with acute rheumatic fever
may be asymptomatic and show only transient
electrocardiographic abnormalities, some patients
may present with symptoms such as syncope or
palpitations (7). Life-threatening arrhythmias such
as complete heart block, ventricular tachycardia
and ventricular fibrillation can lead to syncope
and/or death during the course of ARF (5-
7,15,16).

Antistreptolysin-O values or acute phase reactants
are not correlated with incidence of arrhythmias
or conduction disorders in previously reported
studies (17). However, it has been shown that
there is a correlation between acute phase
reactants and prolonged QT interval (3). Karacan
et al. found a significant correlation between
prolonged corrected QT interval and patients
without carditis (4). The ECG may have
prolonged PR interval with or without carditis.
Low-voltage QRS and ST segment elevation
and/or T wave changes (inversion, diphasic or flat
T waves) may also occur due to pericarditis
and/or myocarditis (3). Accelerated junctional
rhythm is reported to be a highly specific ECG
finding in patients with ARF (14). Acquired long
QT can be seen in patients with ARF and Torsade
de pointes may develop accordingly (15). In
addition to 12 lead ECG, arrhythmias and
conduction disorders can be detected at a higher
rate with 24-hour monitoring (3,4). Premature
contractions have been shown to be higher rate
with 24-hour Holter monitoring compared to
ECG (3,4).

Atrioventricular conduction disorders are well
known conditions of ARF. First degree of AV
block is the most common conduction
abnormality in patients with ARF. Complete AV
block may be seen in the presentation of disease
or the second AV block can progress to the
complete AV block in the course of the disease
(5). Sokolow et al, reported conduction
abnormalities detected by ECG in 88 (60%) of
147 cases. Of these, 83 (94.3%) were reported as
first degree of AV block, 3 (3.4%) with complete
AV block and 2 (2.3%) with interventricular block
(18). In Zalzstein’s study, among 65 patients
diagnosed with ARF, 72.3% of the patients
diagnosed with first degree AV block, the second
and third degree blocks were 1.5% and 4.6% of all
cases, respectively (19). In our study, incidence of
first degree AV block was lower than this previous
reports in the literature, whereas the incidence of
second and third degree AV block was compatible
with the literature. Although complete AV block is
transient and recover spontaneously or with anti-
inflammatory treatment (16), in life-threatening
situations such as complete AV block associated
syncope, rarely there may be a need for temporary
(7,20)  and  even  permanent pacemaker
implantation (17). In our study, complete AV
block occurred in four patients, one of whom
presented syncope, but none of them required any
specific medication or pacemaker implantation for
this situation and spontaneously recovered with
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Fig. 5. 3-lead 24-hour Holter ECG record of a patient with non-sustained supraventricular tachycardia

Fig. 6. 3-lead 24-hour Holter ECG record of the patient with sustained ventricular tachycardia

the anti-inflammatory treatment. Sinus pause,
junctional escape rhythm, right or left bundle
branch block can rarely be seen in patients with
ARF (3,21).

Rhythm disorders are less common than
conduction disorders in patients with ARF. It has
been shown that the premature ectopic beats are
correlated with the carditis (4). Ventricular
arrhythmias can be seen in ARF and can be lead
to life-threatening situations (6,15,22). Compatible

with the literature there was a correlation between
carditis and ventricular premature contractions in
our study. Supraventricular tachycardia may also
be seen rarely in the course of ARF (3,23,24). All
of supraventricular tachycardia detected in our
cases non-sustained tachycardia attacks
shown on 24-hour Holter monitoring and ECGs
of  these  patients were  negative for
supraventricular tachycardia.

were
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Anti-arrhythmic drugs can be used in patients with
ventricular  or  supraventricular  arrhythmias
(23,24). It has been reported that phenytoin was
administered in a patient with ventricular
tachycardia. Lidocaine infusion may also be used
in patients with frequent ventricular ectopy, as we
experienced in this study, and DC cardioversion
and resuscitation may also be required during
acute phase of the disease, rarely (15).

Although the vast majority of rhythm and
conduction abnormalities detected during the
course of ARF are self-limited and response well
to anti-inflammatory treatment, they are more
common than expected. The incidence of both of
these situations are detected with a higher
frequency with 24-hour Holter monitoring than
standard ECG examination. For this reason, all
patients diagnosed with ARF should be carefully
monitored to evaluate rhythm and conduction
abnormalities. We suggest a routine 24-hour
Holter ECG analysis in tertiary pediatric heart
centers for patients diagnosed with ARF.
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