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General Cardiology

The Prognostic Role of QTc Interval in
Acute Myocarditis

Yuan Hung, Wei-Hsiang Lin, Chin-Sheng Lin, Shu-Meng Cheng, Tsung-Neng Tsai, Shih-Ping Yang and Wen-Yu Lin

Background: Acute myocarditis is an inflammatory disease of the myocardium. Although a fulminant course of the
disease is difficult to predict, it may lead to acute heart failure and death. Previous studies have demonstrated that
reduced left ventricular systolic function and prolonged QRS duration can predict the fulminant course of acute
myocarditis. This study aimed to identify whether prolonged QTc interval could also be predictive of fulminant
disease in this population.

Methods: We retrospectively included 40 patients diagnosed with acute myocarditis who were admitted to our
hospital between 2002 and 2013. They were divided into the fulminant group (n = 9) and the non-fulminant group
(n = 31). Clinical symptoms, laboratory findings, electrocardiographic, and echocardiographic parameters were
analyzed. Multivariate logistic regression analysis was used to identify the independent factors predictive of
fulminant disease.

Results: Patients with fulminant myocarditis had a higher mortality rate than those with non-fulminant disease
(55.6% vs. 0%, p < 0.001). Multivariate analysis revealed that wider QRS durations (133.22 + 45.85 ms vs. 92.81 +
15.56 ms, p = 0.030) and longer QTc intervals (482.78 + 69.76 ms vs. 412.00 + 33.31 ms, p = 0.016) were significant
predictors associated with a fulminant course of myocarditis.

Conclusions: Prolonged QRS duration and QTc interval, upon patient admission, may be associated with an
increased risk of fulminant disease and increased in-hospital mortality. Therefore, early recognition of fulminant

myocarditis and early mechanical support could provide improved patient outcomes.
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INTRODUCTION

Myocarditis is an inflammation of the myocardium
that results in ventricular systolic dysfunction.”” The
etiology of acute myocarditis usually involves viral infec-
tion and typically has three phases: direct viral invasion,
immune dysregulation, and extensive myocardial injury
and remodeling.>* Viral myocarditis may be described
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as non-fulminant or fulminant, based on a comprehen-
sive integration of clinical, echocardiographic, hemo-
dynamic, and histological findings.>® Patients with ful-
minant myocarditis may develop rapid and severe he-
modynamic instability, fetal ventricular arrhythmia, car-
diogenic shock with multiple organ dysfunction syn-
drome, and often require immediate mechanical circula-
tory support.” Despite the potentially disastrous course
of fulminant myocarditis, previous reports have sug-
gested that early recognition of a fulminant course and
prompt, aggressive intervention, including mechanical
circulatory support, may result in improved outcomes.®
Many investigators have demonstrated that reduced
left ventricular function and prolonged QRS duration
can predict the fulminant course of viral myocarditis.8'1°
The QT interval represents the time from the onset of
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ventricular depolarization to the end of repolarization,
but it varies with heart rate and needs to be corrected.
Previous studies indicated that a prolonged QTc was ob-
served in patients with advanced heart failure; other re-
ports have provided support for the concept that pro-
longation of both the QRS duration and QTc interval is
predictive of mortality in patients with acute heart fail-
ure, ischemic heart disease, and idiopathic cardiomyo-
pathy.®™* However, the value of the QTc interval for pre-
dicting a fulminant disease course in patients with acute
myocarditis has not been clearly elucidated. Thus, this
study aimed to investigate the association of the QTc
interval with a fulminant course of acute viral myo-
carditis.

MATERIALS AND METHODS

Study population

This study was approved by the Tri-Service General
Hospital Joint Institutional Review Board. Between 2002
and 2013, 47 patients with a diagnosis of acute myo-
carditis at a tertiary medical center in Taiwan were en-
rolled in a retrospective medical records review; pa-
tients under the age of 15 years were excluded. A diag-
nosis of acute myocarditis was based on the clinical fea-
tures of acute heart failure following recent flu-like

symptoms, or according to the Dallas criteria.’ Of these
47 patients, one patient was excluded due to incomplete
data, three were excluded due to discharge against
medical advice, and three were excluded because coro-
nary angiography revealed significant obstructive coro-
nary artery disease (Figure 1). Therefore, 40 patients
with acute viral myocarditis were evaluated. These 40
patients were divided into the fulminant group (n = 9)
and the non-fulminant group (n = 31). The definition of
a fulminant course of acute myocarditis was the pres-
ence of severe hemodynamic compromise requiring
inotropic agents or ventricular assist devices, such as an
intra-aortic balloon pump (IABP), left ventricular assist
device, or extracorporeal membrane oxygenation (ECMO).

Patient characteristics

Clinical presentation, baseline characteristics and
serum biochemistry markers were obtained. Initial elec-
trocardiography (ECG) results obtained in the emer-
gency department were also collected, and the rhythm,
heart rate, PR interval, QRS duration, QTc interval, and
ST segment/T-wave changes were analyzed. All intervals
were determined using commercial ECG analysis soft-
ware (12-Lead Algorithm, Philips, Amsterdam, Nether-
lands). The algorithm in the software analyzes the mor-
phology and rhythm in the 12 leads, simultaneously, and
summarizes the results. The QT interval was measured

47 Patients with acute myocarditis were
identified from 2002 to 2013.

Y

* 3 Patients were lost to follow-up due to
discharge against medical advice.

* 3 Patients were excluded because
coronary angiography revealed critical
coronary artery disease.

* 1 Patient was excluded due to missing
data.

40 Patients with acute myocarditis were
enrolled in our study.

9 Patients were
identified in fulminant
group.

31 Patients were
identified in non-
fulminant group.

Figure 1. Study cohort.
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from the onset of the QRS complex to the end of the
T-wave. The QTc interval was determined using Bazett’s
Rate-Corrected QT interval formula, which is the com-
monly used method for correcting the QT interval for
heart rate variations (corrected QT interval = O\T/RRUZ).12

All patients underwent standard trans-thoracic echo-
cardiography at the time of presentation. Various para-
meters, including the left ventricular ejection fraction
(LVEF), left atrium (LA) diameter, left ventricular end-
systolic dimensions (LVEDs), thicknesses of the left ven-
tricular post wall (LVPW), and the maximal interventri-
cular septum (IVS), were calculated by using linear mea-
surements.”

Statistical analysis

All values are presented as means * standard devia-
tions. Measurements between groups at baseline were
compared using the Student’s t-test; statistical signifi-
cance was defined as a p-value < 0.05. The chi-square
test was used for comparisons of frequencies and cate-
gorical variables. A univariate logistic regression analysis
of the various clinical variables was performed to deter-

mine the predictors of a fulminant course in patients
with acute myocarditis. The variables selected in the
multivariate logistic analysis were those with a p-value <
0.05 in the univariate models. A two-sided p-value <
0.05 was considered statistically significant. The receiver
operating characteristic (ROC) curve analysis and the
area under the ROC curve (AUC) were used to quantify
the ability of the selected parameters for predicting
fulminant myocarditis, where a value of 1.0 indicates
perfect ability and a value of 0.5 represents no ability.
All statistical analyses were performed using the SPSS
statistical package (IBM®SPSS® Statistics, Version 20,
IBM, Armonk, NY, USA).

RESULTS

Baseline characteristics

The baseline characteristics, clinical manifestations,
and laboratory findings of patients with fulminant and
non-fulminant myocarditis are noted in Table 1. There
were no statistically significant differences in age, gen-

Table 1. Comparison of the characteristics and laboratory findings between the fulminant and non-fulminant groups

Non-fulminant group (N = 31) Fulminant group (N =9) p-value
Characteristics
Male (N, %) 25 (80.6%) 6 (66.7%) 0.38
Age (years) 33.32+16.01 41.56 +19.96 0.28
Hypertension 6 (19.4%) 2 (22.2%) 0.85
Diabetes mellitus 1(3.2%) 1(11.1%) 0.34
Hyperlipidemia 1(3.2%) 0 (0%) 0.59
Uremia 1(3.2%) 0 (0%) 0.59
VHD 1(3.2%) 0 (0%) 0.59
Prior Ml 0 (0%) 0 (0%) NS
Prior CVA 0 (0%) 0 (0%) NS
Manifestations
Chest pain (N, %) 20 (64.5%) 3(33.3%) 0.10
Fever (N, %) 16 (51.6%) 4 (44.4%) 0.73
Peripheral edema (N, %) 7 (22.6%) 0 (0%) 0.12
Serum biochemistry data
WBC (mm3) 10,386.13 £3904.52 14,911.11 + 8224.18 0.14
CRP (mg/dL) 5.89+6.73 4.39+4.43 0.58
CK (1U/L) 470.03 £ 630.18 610.44 +727.60 0.61
Troponin-I (ng/mL) 4.12+4.95 17.91+26.04 0.15
Na (mmol/L) 137.06 +3.62 136.44 +5.39 0.69
K (mmol/L) 4.08 £ 0.65 3.99 +0.53 0.69
GOT (IU/L) 212.42 £ 861.91 302.22 £590.74 0.77
Creatinine (1U/L) 1.24+1.77 1.14+0.34 0.87

BUN, blood urea nitrogen; CK, creatine kinase; CRP, C-reactive protein; CVA, cardiovascular accident; GOT, glutamate oxaloacetate
transaminase; K, potassium; MI, myocardial infarction; Na, sodium; NS, not statistically significant; VHD, valvular heart disease;

WBC, white blood cell.
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der, hypertension, diabetes mellitus, hyperlipidemia,
uremia, or valvular heart disease between both groups.
None of the patients had prior myocardial infarctions or
prior cerebrovascular accidents. Although not statisti-
cally significant, the laboratory findings of patients with
fulminant myocarditis had higher white blood cell counts
and troponin-I levels.

Electrocardiographic and echocardiographic findings

Table 2 summarizes the electrocardiographic and
echocardiographic findings of patients with fulminant
and non-fulminant myocarditis. The mean QRS duration
(133.22 + 45.85 ms vs. 92.81 + 15.56 ms, p = 0.03) and
the mean QTc interval (482.78 + 69.76 vs. 412.00 +
33.31, p = 0.02) were both significantly longer in the
fulminant group than those in the non-fulminant group.
Although other electrocardiographic parameters did not
reach statistical significance, we found trends toward
higher heart rates (116.78 + 48.17 vs. 88.50 + 24.17
beats per min, p = 0.12) and prolonged PR interval
(190.83 + 73.90 ms vs. 162.38 + 30.22 ms, p = 0.39) in
the fulminant group.

With respect to echocardiographic findings, the
LVEF was significantly lower in the fulminant group than
in the non-fulminant group (37.22 +16.03% vs. 50.64 +
15.49%, p = 0.03). Other parameters, such as left atrial
dimensions and left ventricular systolic and diastolic di-

mensions, showed no statistical differences between
the 2 groups.

Clinical outcome

Among patients with fulminant myocarditis, 5 (55.6%)
patients had received IABPs and 6 (66.7%) underwent
ECMO. Five patients in the fulminant group died of the
disease, compared with none in the non-fulminant
group. These 5 patients died of cardiogenic shock, with
multiple organ failure. The overall mortality was 12.5%,
and was significantly higher in the fulminant group than
in the non-fulminant group (p < 0.001).

A further comparison of survivors and non-survivors
in the fulminant group was conducted. All patient char-
acteristics, serum biomarkers, and electrocardiographic
and echocardiographic parameters were similar in the 2
subgroups (data not shown). Interestingly, although the
interval changes for QRS duration and QTc interval in
both the subgroups did not differ statistically, we found
a trend indicating a shortening for these 2 parameters in
the survivor subgroup after the initial treatment, espe-
cially for QTc interval (Figure 2).

Predictors of fulminant myocarditis

In the univariate logistic regression analysis, the
QRS duration (p = 0.01), QTc interval (p = 0.008), and
LVEF (p = 0.04) predicted the incidence of fulminant

Table 2. Comparison of the electrocardiographic and echocardiographic parameters between the fulminant and non-fulminant

groups
Non-fulminant group (N = 31) Fulminant group (N =9) p value

ECG parameters
HR (per minute) 88.50+24.17 116.78 +48.17 0.12
QRS (ms) 92.81+15.56 133.22 +45.85 0.03
PR (ms) 162.38 £30.22 190.83 £73.90 0.39
QT (ms) 354.81 + 64.65 361.33 +63.56 0.79
QTc (ms) 412.00+33.31 482.78 £ 69.76 0.02
VT/VF (N, %) 2 (6.5%) 1(11.1%) 0.64
TWI (N, %) 16 (51.6%) 4 (44.4%) 0.71
Qwave (N, %) 18 (58.1%) 6 (66.7%) 0.64

Echocardiographic parameters
LVEF (%) 50.64 +15.49 37.22+£16.03 0.03
IVS (mm) 11.27+2.14 10.00 £ 4.24 0.46
LVPW (mm) 9.91+2.11 11.00£3.61 0.45
LVEDs (mm) 38.33+10.23 30.00 £4.58 0.18
LVEDd (mm) 52.20+8.81 43.00 £ 3.00 0.09
LA dimension (mm) 36.23 +£8.22 36.00+7.35 0.96

HR, heart rate; IVS, intraventricular septum; LA, left atrium; LVEDd, end-diastolic left ventricular diameter; LVEDs, end-systolic left
ventricular diameter; LVEF, left ventricular ejection fraction; LVPW, left ventricular posterior wall.
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Figure 2.
in survivors and non-survivors with fulminant myocarditis. There were

Electrocardiogram parameters, QRS and QTc, showing changes

no statistically significant changes in both parameters. However, among
survivors, during recovery after initial treatment, a trend toward a
decline in both parameters was observed, especially for the QTc
intervals.

myocarditis (Table 3). The multivariate logistic regres-
sion model demonstrated that the wider QRS duration
(p =0.05) and longer QTc interval (p = 0.04) remained as
independent predictors of fulminant myocarditis (Table
3).

ROC curve analysis and diagnostic value

To confirm the diagnostic accuracy of QRS and QTc,
ROC curves were constructed. The sensitivity and speci-
ficity of QRS in predicting fulminant myocarditis were
77.8% and 64.5%, respectively (AUC = 0.75, optimal
cut-off value: 97.5 ms). The sensitivity and specificity of
QTc to predict fulminant myocarditis were 88.9% and
77.3%, respectively, (AUC = 0.88, optimal cut-off value:
429 ms) (Figure 3).

DISCUSSION

Major findings
In the present study, patients with acute myocar-
ditis were found to have wider QRS durations and longer

Table 3. Univariate and multivariate logistic regression analyses for predictors of fulminant course of acute myocarditis

Univariate analysis

Multivariate analysis

Variable
Odds ratio 95% Cl p-value* Odds ratio 95% Cl p-value
QRS 1.05 1.01-1.09 0.01 1.04 1.00-1.08 0.05
QTc 1.03 1.01-1.06 0.008 1.03 1.00-1.07 0.04
LVEF (%) 0.95 0.90-1.00 0.04 1.03 0.95-1.11 0.54
Cl, confidence interval; OR, odds ratio.
QRS QTc
1.09 1.09
Z 067 2 067
3 3
A . . 1- Specnflcigy ‘ B 4 1 :Specifléi(.y 7 '

Figure 3.

Receiver operating characteristic (ROC) curve of the ability of QRS and QTc to predict fulminant myocarditis. (A) The area under curve

(AUC) for QRS was 0.751. The threshold for the prediction of fulminant myocarditis was 97.5 ms, with 77.8% sensitivity and 64.5% specificity. (B) The
AUC for QTc was 0.882. The threshold for the prediction of fulminant myocarditis was 429 ms, with 88.9% sensitivity and 77.3% specificity.
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QTc intervals in the fulminant group than those in the
non-fulminant group. The in-hospital mortality rate was
higher in the fulminant group. These observations sug-
gested that these early electrocardiographic changes
might be associated with an increased risk of fulminant
course and higher in-hospital mortality rates.

Prior studies of risk factors and electrocardiographic
changes for fulminant myocarditis

Several studies have investigated the potential risk
factors for fulminant myocarditis. Some investigators re-
ported serum laboratory examinations, which might
provide prognostic information for patients with myo-
carditis. Higher C-reactive protein levels were reported
to be a risk factor for developing a fulminant course,**
and others observed that higher serum creatine kinase
MB isoenzyme levels implicated more extensive myocar-
dial injury." All these findings suggested that inflamma-
tory markers might provide help in determining ful-
minant myocarditis. Furthermore, several investigators
analyzed levels of inflammatory cytokines to predict
fulminant myocarditis. Knowlton et al. presented that
the serum interleukin (IL)-10 level at admission might be
used as a predictive marker in myocarditis as well as for
identifying patients who need mechanical cardiopul-
monary support.'®"’

Apart from serum biomarkers, changes in electro-
cardiographic and electroechocardiographic findings
have also been investigated. Intraventricular conduction
disturbances and QRS complex widths > 120 ms at ad-
mission have been reported in patients with fulminant
myocarditis; these QRS complex widths were longer
than those in the non-fulminant group.™ Previous stu-
dies have suggested that the risk of a fulminant course
is associated with a prolonged QRS duration and de-
pressed LVEF."> These results indicated that there may
exist a correlation between QRS prolongation and ful-
minant myocarditis. However, evidence regarding such
an association between QTc and myocarditis was lack-
ing. A previous report by Ichikawa et al. indicated that
the QT and QTc intervals remained constant during dif-
ferent myocarditis phases and that the QRS duration
shortened during the convalescent and remote phases
in children with a mean age of 7 years. Moreover, al-
most all parameters returned to normal after recovering
from the myocarditis.’® Consistent with these findings,

Acta Cardiol Sin 2016;32:223-230

we observed a trend toward shortened QRS duration
and QTc interval among survivors in the fulminant myo-
carditis group during treatment (Figure 2).

Potential mechanisms

The QT interval is measured from the onset of the Q
wave to the end of the T wave, reflecting ventricular de-
polarization and repolarization; it is also dependent on
the heart rate. To accommodate the rate dependency,
several formulae were have been applied; one of the
most commonly used formulae is Bazett’s formula. The
QT interval is a surrogate of the cellular action potential
duration, which is significantly affected by changes in
the sympathetic nervous system and sympathetic tone™
and by ischemia that results in increased intracellular
calcium levels during the cardiac action potential, inhib-
iting the repolarizing potassium current.?’ QT interval
prolongation has also been proposed as a risk factor for
ventricular arrhythmia and death; moreover, it is a pow-
erful predictor of mortality in heart failure patients.’"*?
The impaired depolarization and repolarization might be
caused by pathological processes that reduce cell-to-cell
coupling, including impaired expression or function of
gap junctions and myocardial fibrosis.”® In fulminant
myocarditis, direct viral invasion in cardiomyocytes
leads to inflammatory cell infiltration. As mentioned
above, electrocardiographic changes, such as wide QRS
duration and prolonged QTc interval, were observed in
patients with fulminant myocarditis; the possible me-
chanism of these changes may be due to the disruption
of cardiomyocyte integrity by breaking the connections
between actin-based cytoskeletal and sarcomeric struc-
tures from membrane-bound dystrophin-associated gly-
coproteins and the external basement membrane.**
These disruptions lead to alterations in cardiomyocyte
membrane potential, with subsequent dysfunction in
the myocardial conduction system. All of these changes
might contribute to the observed electrocardiographic
manifestations. During treatment, the profoundly dam-
aged cardiac conduction system undergoes recovery,
which is possibly responsible for the evolutional changes
of shortening of the QRS duration and QTc interval.

Prognosis in fulminant myocarditis
In our study, we found a significantly higher rate of
mortality in the fulminant group than in the non-ful-
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minant group. The observed electrocardiographic changes,
such as QRS duration and QTc interval prolongation, in
the fulminant group might precipitate fatal arrhythmia,
e.g., ventricular tachycardia, and increase the propen-
sity to in-hospital mortality.

McCarthy et al. reported that patients with ful-
minant myocarditis may have better long-term progno-
ses than those with non-fulminant myocarditis if they
receive aggressive interventions, such as mechanical cir-
culatory assistance.”®?® Overall success rates of 50-70%
have been demonstrated following mechanical support
for acute myocarditis, with patients showing cardiac re-
covery or eligibility for transplantation.”?’

Study limitations

There were several potential limitations to our study.
First, the diagnosis of acute myocarditis was made
based upon a clinical diagnosis, and not all patients re-
ceived routine endomyocardial biopsy to confirm the
diagnosis. Baughman reported that viruses might be
present in the myocardium without demonstrating the
Dallas criteria myocarditis,”® and also suggested that
myocarditis is underdiagnosed because of patchy in-
flammatory infiltrates in the myocardium and the hesi-
tancy of clinicians to perform an invasive diagnostic pro-
cedure.? Second, this study involved a retrospective
case-control study. Third, the number of patients was
very small, particularly in the fulminant group. However,
the reason for the low patient number was due to the
low prevalence of fulminant myocarditis. Finally, we ex-
cluded patients with incomplete data in both groups, re-
ducing the power of our analyses. We consider that fur-
ther multi-center studies employing a larger population
are mandatory for confirming the significance of elec-
trocardiographic parameters between non-fulminant
myocarditis and fulminant myocarditis as well as be-
tween survivors and non-survivors of fulminant myo-
carditis.

CONCLUSIONS

In conclusion, patients with fulminant myocarditis
had higher in-hospital mortality rates than non-ful-
minant patients. Early and aggressive mechanical circu-
latory support might decrease the associated mortality
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rate. This study suggests that patients with fulminant
myocarditis have an electrocardiographic presentation
that includes a wider QRS duration and a longer QTc in-
terval. These electrocardiographic parameters provide
important predictive information for early recognition of
fulminant myocarditis and may aid in providing timely
mechanical support to afflicted patients to reduce the
associated mortality rate and achieve better prognoses.
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