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Anti-Kv1.4 antibody is often detected in thymoma-associated myasthenia gravis patients with anti-acetylcholine receptor

antibody. Herein, we describe 2 patients with concurrent myocarditis and myositis. In both cases, anti-Kv1.4 antibody

was positive despite the absence of thymoma and anti-acetylcholine receptor antibody, and immunosuppressants

eventually resolved their symptoms and cardiac function. (Level of Difficulty: Advanced.) (J Am Coll Cardiol Case Rep

2023;9:101734) © 2023 The Authors. Published by Elsevier on behalf of the American College of Cardiology Foundation.

This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
M yocarditis is an inflammatory cardiac dis-
ease with severe manifestations,
including acute heart failure, fatal

arrhythmia, and sudden cardiac death. The most
EARNING OBJECTIVES

To recognize that anti-Kv1.4 antibody can be
seropositive in patients with myocarditis that
is suspected to be autoimmune in etiology
and complicated with myositis, although
thymoma, AChR-Ab, and MG are absent.
To understand that the evaluation of anti-
Kv1.4 antibody in patients with suspected
autoimmune myocarditis and myositis
independent of the presence of thymoma,
AChR-Ab, and MG may help physicians select
a more appropriate treatment for myocar-
ditis, given that anti-Kv1.4 antibody is a
biomarker indicating responsiveness to
immunosuppressants.
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common cause of myocarditis is a viral infection,
although some autoimmune diseases, such as myas-
thenia gravis (MG)1 and autoimmune-related
myositis,2 have been recently recognized as uncom-
mon causes of myocarditis.

Antistriational antibodies are increasingly recog-
nized as important biomarkers for myocarditis and/or
myositis in patients with MG3 and in those receiving
immune checkpoint inhibitors as biomarkers of
immune-related adverse events.4 In particular, anti-
Kv1.4 antibody is closely associated with
autoimmune-mediated myocarditis and/or myositis,
especially in thymomatous and antiacetylcholine re-
ceptor antibody (AChR-Ab)–positive MG.3,5 Few re-
ports have described anti-Kv1.4 antibody-positive
myocarditis in nonthymomatous and AChR-Ab–
negative patients. Herein, we describe 2 cases of
concurrent myocarditis and myositis in which anti-
Kv1.4 antibody was positive, despite the absence of
thymoma and AChR-Ab.
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FIGURE 1 Electrocardiograph

(A) Electrocardiogram on admis

the inferior leads. (B) Right coro

ABBR EV I A T I ON S

AND ACRONYMS

AChR-Ab = anti-acetylcholine

receptor antibody

CK = creatinine kinase

ECG = electrocardiogram

LV = left ventricular

LVEF = left ventricular ejection

fraction

MG = myasthenia gravis

TTE = transthoracic

echocardiography
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CASE PRESENTATION

CASE 1. A 74-year-old woman developed
diplopia and bilateral eyelid ptosis 10 days
before presentation. Although she had no
chest pain, a routine admission electrocar-
diogram (ECG) (Figure 1A) revealed complete
right bundle branch block, ST-segment
elevation in precordial leads V1-3, and
ST-segment depression in leads V4-6 and the
inferior leads. Laboratory tests revealed
significantly elevated levels of creatinine
kinase (CK) (6,669 IU/L), CK-MB isoenzyme
(242 IU/L), high-sensitivity cardiac troponin
T (1.482 ng/mL; normal range <0.014 ng/mL), brain
natriuretic peptide (299 pg/mL), and C-reactive pro-
tein (1.09 mg/dL). Transthoracic echocardiography
(TTE) (Video 1) demonstrated left ventricular (LV)
systolic impairment (left ventricular ejection fraction
[LVEF] ¼ 40%) with akinesis of the inferior segment.
Emergent coronary angiography (Figure 1B) was per-
formed for suspected acute ST-segment elevation
myocardial infarction, revealing total occlusion of the
proximal lesion in the right coronary artery, which
was treated using emergency percutaneous coronary
intervention with deployment of 3 drug-eluting
stents.

Despite successful coronary revascularization, the
ST-segment changes on ECG and elevated serum CK
ic and Coronary Angiographic Findings Pertaining to Case 1

sion showing a complete right bundle branch block, ST-segment e

nary angiography before percutaneous coronary intervention. Th
level persisted, and LVEF progressively decreased to
32%. The patient went on to develop symptoms of
heart failure during hospitalization, including dys-
pnea; chest X-ray revealed increased pleural effusion
compared with that observed at admission. The pa-
tient’s clinical course is shown in Figure 2. A left
biceps brachii muscle biopsy specimen (Figures 3A
and 3B) showed the infiltration of inflammatory cells
along with necrotic myofibrils, confirming a diagnosis
of inflammatory myositis. The progressive decrease
in the cardiac function after revascularization and the
concurrent myositis raised a possibility of myocar-
ditis; however, cardiac biopsy and magnetic reso-
nance imaging were not feasible due to the
deteriorated respiratory status. Steroid pulse therapy
was administered and resulted in the resolution of
diplopia, bilateral eyelid ptosis, and the serum CK
concentration. However, owing to respiratory muscle
failure, noninvasive positive-pressure ventilation
was administered. After treatment with tacrolimus
and intravenous immunoglobulin therapy, her respi-
ratory muscle function gradually improved. Her LVEF
improved to 50%, and she was discharged on day
41 after rehabilitation.

Serologic tests demonstrated that anti-Kv1.4 anti-
body and antititin antibody were positive, whereas
AChR-Ab and anti–muscle-specific kinase antibody
were negative. Computed tomography revealed no
thymoma, and ice pack and repetitive nerve
levation in leads V1-3, and ST-segment depression in leads V4-6 and

e proximal right coronary artery was obstructed.

https://doi.org/10.1016/j.jaccas.2023.101734


FIGURE 2 Clinical Course of Case 1

Clinical course of Case 1. Revascularization of the right coronary artery failed to resolve elevation of the CK level, whereas steroid pulse

therapy resulted in resolution of the elevated CK level and extraocular muscle paralysis. Although respiratory muscle failure worsened

thereafter, the addition of TAC and IVIg eventually improved respiratory muscle failure. Cardiac function was also improved using

immunosuppressive therapy. CK ¼ creatinine kinase; CK-MB ¼ MB isoenzyme of creatinine kinase; IVIg ¼ intravenous immunoglobulin;

mPSL ¼ methylprednisolone; PCI ¼ percutaneous coronary intervention; PSL ¼ prednisolone; TAC ¼ tacrolimus.
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stimulation tests were negative. Thus, the diagnostic
criteria for MG were not met; however, MG could not
be excluded, considering that extraocular and respi-
ratory muscle paralysis are common in MG.
FIGURE 3 Histologic Assessment of the Skeletal Muscle in Case 1

(A and B) Histologic examination of skeletal muscle biopsy specimens fro

and its enlarged image (B) showed extensive inflammatory cell infiltrati
CASE 2. A 70-year-old man with a history of inter-
stitial lung disease diagnosed based on reticular
shadows on chest X-ray (Figure 4A) presented with
orthopnea. Six months previously, he was diagnosed
m the left biceps brachii muscle. Hematoxylin and eosin staining (A)

on into the endomysium along with necrotic myofibrils.



FIGURE 4 Radiographic and Electrocardiographic Findings Pertaining to Case 2

(A) Chest X-ray pertaining to Case 2 obtained at the time of diagnosis of interstitial lung disease 9 months before the current admission, which

showed a reticular shadow in the lower lung fields. (B) Chest X-ray obtained at admission showing pulmonary congestion and an exacerbated

reticular shadow in the lower lung fields. (C) ECG at polymyositis diagnosis. No significant abnormalities were observed. (D) ECG on admission

demonstrating frequent premature atrial complexes with complete right bundle branch and left anterior fascicular blocks.

ECG ¼ electrocardiogram.
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with polymyositis and commenced tacrolimus and
prednisolone therapy. On admission, oxygen satura-
tion was 92% with oxygen administered at 3 L/min.
Chest X-ray (Figure 4B) showed pulmonary conges-
tion and markedly exacerbated reticular shadows in
the lower lung fields. Although TTE and ECG findings
(Figure 4C) at the time of polymyositis diagnosis were
normal, repeat TTE demonstrated severe global
hypokinesis with LVEF of 22% (Video 2). ECG on
arrival demonstrated frequent premature atrial com-
plexes with complete right bundle branch block and
left anterior fascicular blocks (Figure 4D). Laboratory
tests revealed elevated levels of brain natriuretic
peptide (976.1 pg/mL), high-sensitivity cardiac
troponin T (0.197 ng/mL), and C-reactive protein
(1.27 mg/dL), whereas the CK level was normal
(110 IU/L). KL-6 is a serum biomarker that is used to
help diagnose and assess disease activity for different
causes of interstitial lung disease. In addition to acute
decompensated heart failure, this patient was also
suspected of having acute exacerbation of interstitial
lung disease on the basis of an elevated KL-6 level of
1,763 U/mL. The patient was diagnosed with conges-
tive heart failure and acute exacerbation of intersti-
tial lung disease associated with polymyositis.
Steroid pulse therapy was administered on hospital
day 3, followed by 60 mg/day of oral prednisolone.
Steroid therapy and heart failure treatments gradu-
ally improved his heart failure condition and reticular
shadows in the lower lung fields.

Even after stabilization of heart failure, the LV
function remained impaired (LVEF 32%). Therefore,

https://doi.org/10.1016/j.jaccas.2023.101734


FIGURE 5 Cardiac Histologic and Magnetic Resonance Imaging Assessments Pertaining to Case 2

(A) Histopathologic examinations of the endomyocardial biopsy specimens from the RV. Hematoxylin and eosin staining (upper left) and its enlarged image (upper

right) showed cell infiltration of mononuclear cells with cardiomyocyte necrosis. Masson-trichrome staining (lower left) showed replacement fibrosis, and CD3 staining

(lower right) demonstrated infiltration of CD3-positive cells into the myocardium. (B) Cardiac magnetic resonance imaging. Cine imaging in the end-diastolic phase

(upper left) and end-systolic phase (upper right) revealed impaired left ventricular function (LVEF 20%), and late gadolinium enhancement imaging (short-axis, lower

left; long-axis, lower right) showed diffuse endocardial late gadolinium enhancement involvement in the LV. LV ¼ left ventricle; LVEF ¼ left ventricular ejection

fraction; RV ¼ right ventricle.
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coronary angiography was performed and showed no
significant coronary artery stenosis. Endomyocardial
biopsy from the right ventricle showed the mono-
nuclear cell infiltration with cardiomyocyte necrosis
and replacement fibrosis, whereas granulomas,
eosinophils, and giant cells were absent (Figure 5A),
indicating lymphocytic myocarditis. Cardiac mag-
netic resonance imaging (Figure 5B) revealed severely
impaired LV function (LVEF 20%). Late gadolinium
enhancement images showed diffuse endocardial late
gadolinium enhancement involving the left ventricle.
The patient was discharged 50 days after rehabilita-
tion. A summary of his clinical course is shown in
Figure 6.

Serologic tests for autoimmune markers showed
anti-Kv1.4 antibody positivity, whereas antititin
antibody, AChR-Ab, and anti–muscle-specific kinase
antibody were negative. Throughout the entire clin-
ical course of this case, there were no symptoms
or manifestations indicating the presence of MG,
and thymoma was not detected on computed
tomography.

DISCUSSION

In this case series, we described 2 cases of anti-Kv1.4
antibody-positive myocarditis with concurrent
myositis. Case 1 exhibited concomitant myositis and
suspected myocarditis. Although myocarditis was not
histologically confirmed, it was suggested by a clin-
ical course inconsistent with acute coronary syn-
drome and a recovery of cardiac function with
immunosuppression therapy. Case 2 was admitted to
our hospital because of acute congestive heart failure
caused by myocarditis 6 months after the diagnosis of
polymyositis. In both cases, anti-Kv1.4 antibody was
seropositive, and immunosuppressive therapy
improved the patients’ clinical conditions.

Kv1.4 is a subunit of the voltage-gated potassium
channel located in the brain and skeletal and heart
muscles. Anti-Kv1.4 antibody was first reported in
20055 and is closely associated with thymoma-
associated MG5, myocarditis and/or myositis,1,3 and
ventricular arrhythmia,6 given that Kv1.4 is
expressed in the majority of left ventricular car-
diomyocytes.7 Generally, anti-Kv1.4 antibody has
been reported to be detected in thymomatous and
AChR-Ab–positive MG.3,5 However, unlike previously
reported cases, ours were both anti-Kv1.4 antibody–
positive despite the absence of thymoma and
AChR-Ab. Furthermore, in Case 2, all manifestations
indicative of MG were absent. There are few
previous reports on anti-Kv1.4 antibody–positive
cases with myocarditis in nonthymomatous,



FIGURE 6 Clinical Course of Case 2

Clinical course of case 2. The pulmonary congestion and marked reticular shadow in the lower lung fields as well as the elevated levels of BNP

and hs-cTnT were present on admission; these features were improved using immunosuppressive therapy and heart failure treatment. Oral

prednisolone was gradually tapered as shown in this figure. BNP ¼ brain natriuretic peptide; DOB ¼ dobutamine; hs-cTnT ¼ high-sensitivity

cardiac troponin T; other abbreviations as in Figures 1 and 5.

Kuyama et al J A C C : C A S E R E P O R T S , V O L . 9 , 2 0 2 3

Atypical Anti-Kv1.4 Antibody-Positive Myocarditis M A R C H 1 , 2 0 2 3 : 1 0 1 7 3 4

6

AChR-Ab–negative, or even non-MG patients. To our
best knowledge, this is the first report describing
anti-Kv1.4 antibody–positive cases with concurrent
myocarditis and myositis, independent of the pres-
ence of thymoma, AChR-Ab, and MG, which may
highlight the importance of evaluating anti-Kv1.4
antibody in patients with myocarditis (especially
those with myositis), although MG-related manifes-
tations or findings, including thymoma and AChR-
Ab, are absent.

The presence of anti-Kv1.4 antibody in patients
with MG has predicted an improved therapeutic
response to the use of a calcineurin inhibitor.8

Therefore, assessment of anti-Kv1.4 antibody in pa-
tients with myocarditis may help physicians identify
responders to calcineurin inhibitors. Indeed, in Case
1, steroid therapy was ineffective in resolving the
patient’s clinical condition; however, the addition of
a calcineurin inhibitor resulted in the recovery of
cardiac function and resolution of myositis-related
symptoms. Still, given the paucity of evidence
regarding the clinical significance of anti-Kv1.4 anti-
body positivity, particularly in nonthymomatous MG
and non-MG patients, further large-scale in-
vestigations are strongly warranted.
CONCLUSIONS

We have described 2 anti-Kv1.4 antibody–positive
and AChR-Ab–negative cases with concomitant
myocarditis and myositis, despite the absence of
thymoma or diagnosis of MG. Evaluation of anti-
Kv1.4 antibody in patients with myocarditis and
myositis independent of the presence of MG may help
physicians select a more appropriate treatment for
myocarditis.
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