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Abstract

of TFT in patients with SVT other than AF.

Background and objectives: The association between thyroid dysfunction and supraventricular tachyarrhythmia
(SVT) other than atrial fibrillation (AF) is not well elucidated. We hypothesized that patients with suspected or docu-
mented SVT have undetected thyroid dysfunction more frequently than general population.

Subjects and methods: Patients with symptoms suggestive of SVT other than AF who were planned to undergo an
EP study at our center were eligible for this study. Patients with known thyroid disease, medications affecting thyroid
function test (TFT) or atrial fibrillation were excluded. The primary outcome was prevalence of TFT abnormalities in
the study population. The secondary outcome was prevalence of clinically significant arrhythmia during the EP study.

Results: A total of 533 patients were analyzed. Patients were divided into the two groups according to TFT results.
Fifty-six (10.5%) patients had abnormal TFT results (thyroid dysfunction group), while 477 (89.5%) had normal thyroid
function (euthyroidism group). The overall prevalence of thyroid dysfunction was 10.5%. The thyroid dysfunction
group showed a tendency for higher induction of clinically significant SVT than the euthyroidism group. However,
thyroid dysfunction was not an independent predictor of clinically significant SVT during EP study.

Conclusion: In this study, patients with suspected SVT who were planned for EP study had a relatively high inci-
dence of thyroid dysfunction. Clinically significant arrhythmia tended to be induced more frequently in the thyroid
dysfunction group than in the euthyroidism group. Further investigations are needed to verify the clinical implications
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Introduction

Many people experience palpitations at some point in
their lives. Palpitations, however, are not always due to an
arrhythmia, and not all arrhythmias result in palpitations.
Furthermore, while some patients are diagnosed by elec-
trocardiogram, others only have symptoms of arrhyth-
mias. Electrophysiology (EP) studies help to elucidate the
presence or mechanism of arrhythmia in these patients.
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and indicate if changes were made.

Thyroid dysfunction, particularly hyperthyroidism, can
cause palpitations, which are one of the common symp-
toms of thyroid disease [1]. There is a well-established
relationship between atrial fibrillation (AF) and thyroid
dysfunction. Therefore, a recent guideline recommends
the evaluation of thyroid function in AF patients [2—4].
Although supraventricular tachyarrhythmias (SVT) other
than AF are a common cause of palpitations, the asso-
ciation of non-AF SVTs and thyroid dysfunction has not
been well elucidated. The current guidelines recommend
ruling out hyperthyroidism in cases of inappropriate
sinus tachycardia or premature extra beats [5, 6]. There
are a limited number of studies and case reports that
investigate the relationship between thyroid dysfunction

© The Author(s) 2019. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license,


http://orcid.org/0000-0003-1025-7283
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s42444-019-0008-x&domain=pdf

Gwag et al. Int J Arrhythm (2019) 20:6

and SVT other than AF [7-10]. At our institution, thy-
roid function test (TFT) has been routinely performed in
all patients undergoing EP studies in the work-up of sus-
pected or documented SVT. In this study, we investigated
thyroid function abnormality in patients with non-AF
SVT to evaluate the clinical value of thyroid function test
in this setting.

Materials and methods

Patients with symptoms suggestive of SVT other than
AF who were scheduled to undergo an EP study at our
institution between January 2014 and May 2017 were eli-
gible for this study. Patients who met any of the follow-
ing criteria were excluded from the analysis: (1) previous
history of thyroidectomy or known thyroid dysfunction,
(2) medications that influence TFT, including thyroid
hormone, antithyroid drugs, amiodarone, or steroid, (3)
no TFT results within 2 months of the EP study, or (4)
previous history of AF.

TFT was performed unless patients had undergone
TFT within the prior 2 months at our institution. Serum-
free T4, total T3, and thyroid stimulating hormone (TSH)
were measured using chemiluminescent immunoassay
(ADVIA Centaur XP, Siemens). Based on the reference
intervals from a recent large nationwide epidemiologi-
cal study, the normal TFT ranges were defined as 0.62—
6.86 mU/L for TSH level and 0.96-1.60 ng/dL for FT4
level [11]. Euthyroidism was defined as TSH and FT4 lev-
els in the normal range. Subclinical hypothyroidism was
defined as TSH >6.86 mU/L with normal FT4 level, and
subclinical hyperthyroidism as TSH <0.62 mU/L with
normal FT4 level.

All EP studies were performed after discontinuation
of antiarrhythmic drugs. One duodecapolar catheter (or
two decapolar catheters) was placed in the high right
atrium and coronary sinus. Two quadripolar electrode
catheters were placed in the right ventricular apex and
His area, respectively. Isoproterenol was infused at a rate
of 2-5 mcg/min, unless a significant tachyarrhythmia
could be induced by programmed stimulation. If possi-
ble, radiofrequency ablation was performed for sponta-
neous or induced tachyarrhythmia.

A trained study coordinator collected the clinical and
laboratory data using a standardized case report form
and protocol. The baseline electrocardiograms were
reviewed by two EP specialists. The primary outcome
was prevalence of TFT abnormality in the study popu-
lation. The secondary outcome was prevalence of clini-
cally significant arrhythmia during EP study. Two EP
specialists determined whether arrhythmias were clini-
cally significant based upon consideration of the fol-
lowing characteristics: (1) sustained arrhythmia during
EP study, (2) reproducible induction by programmed
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stimulation, (3) arrhythmia generating palpitation similar
to previous symptoms, or (4) compatible with the previ-
ously documented electrocardiogram. The local insti-
tutional review board approved the study protocol and
waived the requirement for informed consent (IRB No.
2017-10-146).

Continuous variables are presented as median with
interquartile range or meanzstandard deviation,
whereas categorical variables are presented as number
and percentage. Continuous variables were compared
between groups using Student’s ¢-test. Categorical data
were compared between groups using Fisher’s exact test
or the Chi-square test, as appropriate. A logistic regres-
sion model was used to determine the independent pre-
dictors of clinically significant arrhythmia during EP
study. Variables with a p value <0.1 on univariate analysis
were included in the multivariate analysis. All tests were
two-sided, and p values <0.05 were considered statisti-
cally significant. IBM SPSS Statistics software version 23
(IBM Corporation, Armonk, NY, USA) was used for sta-
tistical analysis.

Results

Baseline characteristics of the study population

A total of 639 patients with suspected or documented
SVT underwent EP study. We excluded patients with his-
tory of thyroidectomy or known thyroid disease (n=33),
patients taking medications that affect the TFT (n=9),
patients without TFT results (#=33), and patients
with a previous history of AF (n=31). Of the final 533
patients, 56 (10.5%) had abnormal TFT results (thyroid
dysfunction group), while 477 (89.5%) had normal TFTs
(euthyroidism group) (Fig. 1). The types of thyroid dys-
function are shown in Fig. 2. The most common type of
thyroid dysfunction was subclinical hyperthyroidism
(80.4%). The mean duration between TFT and EP study
was 1.3£2.0 days in the thyroid dysfunction group and
1.4+ 3.2 days in the euthyroidism group (p=0.97). There
was no significant difference in the baseline clinical char-
acteristics between the two TFT groups (Table 1).

EP study results

EP study results are shown in Table 2. Paroxysmal
supraventricular tachycardia was the most common SVT,
while atrial fibrillation or flutter was the second most
commonly induced SVT in both groups. The thyroid
dysfunction group showed a tendency for higher induc-
tion of clinically significant SVT than the euthyroidism
group (94.6% vs. 86.6%, p=0.09). When patients with
previously documented SVT were analyzed separately,
clinically significant SVT could be induced in all patients
in the thyroid dysfunction group. In contrast, we were
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639 patients underwent electrophysiology study for work-up of

suspected SVT other than atrial fibrillation

* Previous thyroidectomy or known thyroid

dysfunction (n = 33)

* Medications affecting TFT (n = 9)
* No TFT results within 2 months (n = 33)

564 patients were analyzed

+ Previous history of atrial fibrillation (n = 31)

Abnormal TFT
(n = 56)

Normal TFT
(n=477)

Significant arrhythmia (-)
(n=3)

Significant arrhythmia (+)
(n=153)

Significant arrhythmia (-)

Significant arrhythmia (+)
(n=413)

(n =64)

Fig. 1 Flowchart of the study population. SVT supraventricular tachyarrhythmia; TFT thyroid function test

[ Thyreid dysfunction
“ 1059
Eurthyroidism />~<.
89.5% / S~ao -
Total=533

Fig. 2 Types of thyroid dysfunction

Subclinical hypothyroidism
54% (n=3)

Overt hypothyroidism
3.6% (n=2)

Overt hyperthyroidism
10.7% (n = 6)

Subclinical hyperthyroidism
80.4% (n = 45)

Total=56

unable to induce a significant SVT in 31 (9.2%) patients
in the euthyroidism group.

On multivariate logistic regression analysis, a previous
documentation of SVT was significantly associated with
induction of clinically significant SVT (Table 3).

Discussion

In the present study, we investigated thyroid function
abnormality in patients with suspected or documented
SVT undergoing EP study. The major findings of this
study were: (1) The prevalence of newly detected thy-
roid dysfunction in the study population was 10.5%, (2)

clinically significant arrhythmia tended to be induced
more frequently in the thyroid dysfunction group than
the euthyroidism group, while (3) thyroid dysfunction
was not an independent predictor of clinically significant
arrhythmia during EP study.

Since the relationship between AF and thyroid dys-
function is well established, TFT is recommended in all
AF patients [2—4]. Recent studies suggest that the risk
of AF is not only increased in overt hyperthyroidism,
but also in subclinical hyperthyroidism or high normal
euthyroid states [3, 12, 13]. Elevated thyroid hormone is
believed to play a role in AF through several mechanisms,
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Table 1 Baseline characteristics according to thyroid function
Euthyroidism Thyroid dysfunction p Value
(n=477) (n=56)

Sex (male) 215 (45.1) 19 (33.9) 0.12
Age (years) 4594154 441+166 041
Body mass index (kg/m2) 238435 231430 0.20
Hypertension 75 (15.7) 9(16.1) >0.999
Diabetes 26 (5.5) 1(1.8) 034
Echocardiographic results®

Presence of cardiomyopathy 5(1.2) 0(0) >0.999

LVEF (%) 635+65 65.1+49 0.09

LAVI (ml/m?2) 2801838 288+84 052
Documented SVT 336 (704) 40(71.4) >0.999
Pre-excitation of QRS 56 (11.7) 6(10.7) 0.84
Previous ablation of SVT 26 (5.5) 1(1.8) 034
Current medications
Beta blocker 46 (9.6) 8(14.3) 035
Calcium channel blocker 178 (37.3) 25 (44.6) 0.31
Other antiarrhythmic drugs 20(4.2) 2(3.6) >0.999

Values are reported as mean &= SD or n (%)

LAVI Left atrial volume index; LVEF left ventricular ejection fraction; SVT supraventricular tachyarrhythmia

* Echocardiographic results were not available in 65 patients (12.2% of total patients)

including an increase in sympathetic tone, ectopic atrial
beats, alteration of ionic channels, or a decreased atrial
refractory period [14, 15]. However, the current guide-
lines for management of SVT do not recommend routine
evaluation of thyroid function except in the case of inap-
propriate sinus tachycardia or premature extra beats [5,
6]. This result might be attributable to a lack of relevant
data from only a small number of retrospective studies
and case reports [7—10]. Regardless, in our institution,
TFT is routinely performed in patients undergoing EP
study for suspected or documented SVT. This practice
is based on the assumption that thyroid dysfunction may
also affect the prevalence of SVT by similar mechanisms
that increases the risk of AF. Ectopic beats resulting in
conduction delays can initiate re-entrant tachycardia.
Increased autonomic tone can also influence the occur-
rence of tachyarrhythmia associated with enhanced auto-
maticity. Furthermore, in patients with suspected, but not
documented SVT, it is difficult to distinguish paroxysmal
AF by symptoms alone. More than 600 patients with sus-
pected SVT underwent TFT according to the protocol at
our institution. We subsequently analyzed these patients
to verify the clinical utility of this routine practice.

The overall prevalence of TFT abnormality in this
study was 10.5%. The prevalence of each type of thyroid
dysfunction was relatively higher in this study than that
of the general Korean population in similar age-groups
[11]. In particular, subclinical hyperthyroidism was far

more prevalent in our study population than it was in
the general population (8.4% vs. 2.9%). This is a simple
comparison of numerical values between two different
populations. Nevertheless, we believe that it warrants
additional analysis, including that with a matching con-
trol group. In this study, the thyroid dysfunction group
had a tendency for higher induction rate of clinically
significant SVT than did the euthyroidism group, irre-
spective of previous documentation of SVT. Several
previous reports have implied that there is an associa-
tion between thyroid dysfunction and non-AF SVT. Fur-
thermore, some reports have suggested that antithyroid
medications or thyroid replacement therapy could alle-
viate paroxysms of such SVTs [8, 10, 16, 17]. One study
even reported that radioactive iodine could be an effec-
tive agent to prevent attack of recurrent paroxysmal
supraventricular tachycardia in euthyroid patients [17].
However, we are unable to fully explain how thyroid dys-
function affects non-AF SVTs. There are no previous
studies that have addressed this mechanism clearly. We
suggest it is possible that thyroid dysfunction increases
the prevalence of SVT by increasing the frequency of
premature beats and altering the autonomic tone, both of
which also contribute to the risk of AF. Subclinical hyper-
thyroidism comprised the majority of thyroid dysfunc-
tion in our study (Fig. 2). Therefore, further investigation
is needed to determine whether subclinical dysfunc-
tion affects arrhythmogenesis. One study suggests that,
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Table 2 Electrophysiology results

to thyroid function

study according

Euthyroidism Thyroid
dysfunction

p Value

Total population

Patient number 477 56

Significant SVT 413 (86.6) 53 (94.6) 0.09

Any SVT'
PSVT 375 (78.6) 47 (83.9) 0.39
Atrial fibrillation or flutter 48 (10.1) 8(14.3) 0.36
Atrial tachycardia 38(8.0) 4(7.0) >0.999
Junctional tachycardia 7(1.5) 0(0) >0.999
Inappropriate sinus tachy- 1(0.2) 1(1.8) 0.20

cardia

Patients with previously documented SVT

Patient number 336 40

Significant SVT 305 (90.8) 40 (100) 0.06

Any SVT*
PSVT 278 (82.7) 35(87.5) 0.51
Atrial fibrillation or flutter 36 (10.7) 6 (15.0) 043
Atrial tachycardia 28(8.3) 4(10.0) 0.76
Junctional tachycardia 6(1.8) 0(0) >0.999
Inappropriate sinus tachy- 0(0) 0(0) N/A

cardia

Values are reported as n (%)

N/A Not applicable; PSVT paroxysmal supraventricular tachycardia; SVT
supraventricular tachyarrhythmia

* Eight cases of atrial fibrillation or flutter, 4 of atrial tachycardia, and 5 of
junctional tachycardia were regarded as not clinically significant

* Four cases of atrial fibrillation or flutter, 4 of atrial tachycardia, and 4 of
junctional tachycardia were regarded as not clinically significant

in euthyroid patients, unusual irritability or sensitivity
of the cardiac muscle can result in arrhythmogenesis.
Another study found that endogenous subclinical hyper-
thyroidism can affect intrinsic cardiac morphology and
function [17]. However, these hypotheses are unsubstan-
tiated and require further investigation.

In multivariate logistic regression analysis, thyroid
dysfunction was not a significant predictor of clinically
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significant arrhythmia during EP study (p=0.10). In
contrast, documented SVT was significantly associated
with clinically significant arrhythmia. We believe that
unmeasured variables could have affected the result. For
example, patients with overt thyroid dysfunction tend
to be symptomatic with weight change, goiter, heat/cold
intolerance, or bowel habit change. These patients are
more likely to be treated with antithyroid medications or
thyroid replacement therapy than they are to be evalu-
ated with an EP study. This reason likely explains why we
found subclinical thyroid disease more often than overt
thyroid dysfunction in this study. We could not acquire
data regarding the detailed reasons for EP study, charac-
teristics, frequency, duration, or severity of the suspected
SVT episodes. These data would be meaningful with
regard to the homogeneity of the study population. For
example, while some patients might have been referred
for EP study after only a single episode of palpitations,
others may have had recurrent episodes. We may have
obtained more significant results if we had performed a
subgroup analysis using those data.

To the best of our knowledge, this is the largest study
to address the association between thyroid dysfunction
and the prevalence of non-AF SVT. We suggest that TFT
needs to be considered in patients with suspected or doc-
umented supraventricular tachyarrhythmia considering
the tendency of higher induction of clinically significant
arrhythmia in those with thyroid dysfunction than those
without. Although this study cannot provide conclusive
evidence regarding whether thyroid dysfunction is asso-
ciated with SVTs other than AF, we believe that it indi-
cates the need for further discussion about the clinical
significance of TFT in patients with suspected SVT.

This study has several limitations. First, this was a
cross-sectional single-center study; therefore, the causal
relationship between thyroid dysfunction and SVT could
not be definitively proven. We were unable to investigate
the follow-up outcomes after EP study, and follow-up
TFT data were unavailable. Our results are also possibly
subject to selection bias, because the study population

Table 3 Predictors of clinically significant arrhythmia during electrophysiology study

0Odds ratio (95% Cl) p Value 0Odds ratio (95% Cl) p Value
Thyroid dysfunction 2.74(0.83-9.02) 0.10 2.79 (0.84-9.30) 0.10
Male 0 (0.66-1.85) 0.71
Previous ablation of SVT 048 (0.19-1.24) 013
Documented SVT 3.31(1.96-5. 59) <0.001 3.33(1.97-5.62) <0.001
Pre-excitation of QRS 0.97 (044-2.13) 093
Cardiomyopathy 0.58 (0.06-5.32) 0.63
LVEF 02 (0.98-1.06) 0.44

Cl Confidence interval; LVEF left ventricular ejection fraction; SVT supraventricular tachyarrhythmia
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consisted of patients admitted to a tertiary university
hospital for EP study. Patients with symptoms of overt
thyroid dysfunction may have been excluded at the out-
patient clinic. Similarly, patients with tolerable symptoms
could have been medically followed without an EP study.
Therefore, our results are not necessarily generalizable
to all patients with suspected or documented SVT. Sec-
ond, the TFT reference ranges used in this study might
not apply to other ethnic groups because of differences
attributable to genetics and iodine intake. Lastly, an ina-
bility to induce SVT during EP study does not equate to
an absence of SVT, but rather low arrhythmia inducibil-
ity. An SVT could not be induced during the EP studies
of 31 patients with previously documented SVT (9.2%).

Abbreviations
AF: atrial fibrillation; EP: electrophysiology; SVT: supraventricular tachyarrhyth-
mia; TFT: thyroid function test; TSH: thyroid stimulating hormone.
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