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Abstract:

A 72-year-old Japanese woman with systemic sclerosis was admitted to our hospital because of symptoms
of heart failure. Cardiovascular magnetic resonance (CMR) imaging had shown that extensive myocardial fi-
brosis secondary to systemic sclerosis was the main cause of heart failure. One month after CMR, she had
complete atrioventricular (AV) block. It was suggested that the progression of fibrosis to the AV node caused
complete AV block. This case report has clinical implications in highlighting the fact that CMR is useful for
not only evaluating the present pathophysiology but also predicting future adverse events in patients with sys-

temic sclerosis.
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Introduction

Patients with systemic sclerosis have multiple cardiovas-
cular manifestations, such as electrical abnormalities, valvu-
lar involvement, myocardial involvement, pericardial in-
volvement, and vascular involvement (1); therefore, it is not
easy to accurately understand the pathophysiology of heart
failure in patients with systemic sclerosis. Cardiac magnetic
resonance (CMR) imaging is a useful method for under-
standing the underlying pathophysiology of heart failure and
predicting the therapeutic response and future adverse car-
diac events (2).

We herein report a patient with systemic sclerosis for
whom CMR imaging was useful in understanding the patho-
physiology of heart failure.

Case Report

A 72-year-old Japanese woman became aware of stiffen-
ing of both fingers from October 2018, and Raynaud’s phe-
nomenon occurred from January 2020. In January 2019, she

was diagnosed with limited cutaneous systemic sclerosis
characterized by skin thickness of bilateral fingers and face,
mild interstitial lung disease, and an anticentromere antibody
level of 27.9 U/mL, which is outside the reference range
(<10.0 U/mL). In February 2019, she first visited our de-
partment to be screened for cardiac disorders.

An electrocardiogram revealed sinus rhythm with com-
plete right bundle branch block (CRBBB). Echocardiogra-
phy showed a transtricuspid pressure gradient (TRPG) of 12
mmHg, with no findings suggestive of pulmonary hyperten-
sion. A slightly dilated left ventricle (LV) with an end-
diastolic dimension of 51 mm, normal LV ejection fraction
(EF) of 60%, and mild aortic valve regurgitation (AR) with
noncoronary cusp prolapse were observed. Since her first
visit, we have repeated the electrocardiogram and echocar-
diogram at least once a year.

In March 2021, she was admitted to our hospital because
of peripheral edema and dyspnea on mild effort, which cor-
responded to New York Heart Association Function Classifi-
cation III. Upon presentation, her oxygen saturation on room
air was 94%, pulse rate was 78 beats/min with an irregular
rhythm, and blood pressure was 176/88 mmHg. On auscul-
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Figure 1.
ing a Wenckebach second-degree atrioventricular block with complete right bundle branch block (A).
Chest radiography revealing cardiomegaly with pulmonary congestion and slight pleural effusion

(B).

tation, there was a diastolic regurgitant murmur at Erb’s area
and a systolic regurgitant murmur at the apex; wet rales in
the lung fields were audible. Marked pretibial edema and
jugular venous distension were observed. Skin thickening of
the fingers of both hands extending proximal to the metacar-
pophalangeal joints was also observed. Blood tests revealed
a brain natriuretic peptide (BNP) level of 776.3 pg/mL,
which is outside the reference range (<18.4 pg/mL). The es-
timated glomerular filtration rate was 46 mL/min/1.73 m’.
An electrocardiogram showed a Wenckebach second-degree
atrioventricular (AV) block with CRBBB (Fig. 1A). Chest
radiography images revealed cardiomegaly with pulmonary
congestion and slight pleural effusion (Fig. 1B). Echocar-
diography revealed a remarkably dilated LV with an end-
diastolic dimension of 62 mm, a mildly reduced LV EF of
47%, and moderate functional mitral valve regurgitation due
to tethering. The AR jet due to noncoronary cusp prolapse
was eccentric and wide, but the pressure half time was 649
ms, and there was no holodiastolic retrograde flow in the
descending aorta, which was suggestive of mild AR. Echo-
cardiography also showed no right ventricular dilatation and
decreased wall motion, but a TRPG of 35 mmHg suggested
mild pulmonary hypertension.

CMR imaging was subsequently performed. All CMR im-
aging studies were performed using a 3-T cardiac-dedicated
system. The CMR imaging protocol included routine cine
imaging for the evaluation of the cardiac structure and func-
tion and late gadolinium enhancement (LGE) imaging for
the evaluation of myocardial scarring. In addition, phase-
contrast velocity-encoded imaging was performed to evalu-
ate the regurgitation volume and fraction at the sinotubular
junction. Cine imaging revealed LV dilatation and diffuse
LV hypokinesis. Phase-contrast velocity-encoded imaging re-
vealed a regurgitation volume and fraction of 18 mL and
25%, respectively, which were suggestive of mild AR

Baseline electrogram and chest radiography on admission. An electrocardiogram show-

(Fig. 2A). LGE imaging revealed diffuse subendocardial late
enhancement in the basal and mid LV walls and partial late
enhancement in the right ventricular wall (Fig. 2B). Al-
though non-ischemic cardiomyopathies, including cardiac
amyloidosis and cardiac sarcoidosis, were considered based
on the findings of LGE imaging, we confirmed by coronary
angiography that the coronary arteries were normal. The se-
rum and urine immunofixation tests revealed no immuno-
globulin  monoclonal protein, and technetium-99 m-
pyrophosphate scintigraphy showed a grade O myocardial
uptake. Serum soluble interleukin-2 receptor and angiotensin-
1-converting enzyme levels were within the reference ranges,
and bilateral hilar lymphadenopathies were not observed.
Based on these findings, cardiac amyloidosis and cardiac
sarcoidosis were excluded.

There was no complication with autoimmune rheumatic
disease other than systemic sclerosis. Since the time of the
diagnosis with systemic sclerosis, she had taken 10 mg of
prednisolone a day. We were unable to evaluate active in-
endomyocardial biopsy or “F-
fluorodeoxyglucose positron emission tomography; however,
active myocarditis was considered unlikely because she has
taken prednisolone, and there was no pericardial effusion.
Eventually, she was diagnosed with cardiac involvement of
systemic sclerosis.

During hospitalization, she was treated with diuretics, an-
giotensin II receptor blocker, and spironolactone, and the
symptoms of heart failure improved. Due to concerns about
worsening AV conduction, we did not prescribe a beta-
blocker. Monitor-electrocardiogram (ECG) showed first-
degree AV block and Wenckebach second-degree AV block
but not advanced AV block. We decided that there was no
indication for a pacemaker and discharged her after a two-
week hospital stay.

In April 2021, at the first visit after discharge, she did not

flammation via an

1978



Intern Med 61: 1977-1981, 2022 DOI: 10.2169/internalmedicine.8418-21

Regurgitation volume=18ml
Regurgitation fraction=25%

Figure 2. Cardiovascular magnetic resonance imaging. Phase-contrast velocity-encoded imaging
revealed a regurgitation volume of 18 mL and regurgitation fraction of 25%, which is suggestive of

mild aortic valve regurgitation (A). LGE imaging revealed diffuse subendocardial late enhancement

in the basal and mid LV walls (red arrows) and partial late enhancement in the right ventricular wall

(yellow arrows) (B).

February 2019

Sinus rhythm

March 2021

Wenckebach 2" degree AV block

April 2021

Complete AV block

Figure 3. Changes in the findings on the electrocardiogram over time. Atrioventricular (AV) con-

duction deteriorates over time, eventually leading to complete AV block.

have symptoms of heart failure or syncope; however, the
ECG showed complete AV block (Fig. 3). No exacerbation
of interstitial lung disease or deterioration of the renal func-
tion due to increased activity of systemic sclerosis was ob-
served. Because of the complete AV block with heart failure,
we inserted a permanent pacemaker (Fig. 4), and oral fu-
rosemide (20 mg), tolvaptan (3.75 mg), spironolactone (12.5
mg), candesartan (8 mg), and metoprolol (2.5 mg) were ad-
ministered.

Discussion

This case was an example of systemic sclerosis wherein
CMR imaging showed that extensive myocardial fibrosis
were the main causes of heart failure, and who had com-
plete AV block.

LGE-CMR imaging is a useful method for determining
the underlying pathophysiology of heart failure by visualiz-
ing the myocardial scar (2). Quantification of AR by CMR
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Figure 4. Chest radiography after pacemaker implantation.

A permanent pacemaker was inserted because of complete
atrioventricular block with heart failure.

imaging, which relies on phase-contrast velocity-encoded as-
sessment of antegrade and retrograde flow at the sinotubular
junction, is given a Class I recommendation for the assess-
ment of AR severity (3). In the present case, CMR imaging
confirmed mild AR and identified diffuse myocardial scar-
ring due to systemic sclerosis as the underlying mechanism
of heart failure. A previous study reported that there is a
four-fold increased relative risk of AR in patients with sys-
temic sclerosis (4). The pathophysiology of AR in this case
was noncoronary cusp prolapse, and thickening of the aortic
valve with regurgitation has been previously reported in sys-
temic sclerosis (1). This previously reported morphological
finding was not observed in the present case. Thus, the rela-
tionship between AR and systemic sclerosis was unclear in
this patient.

Atrial fibrillation, flutter, or paroxysmal supraventricular
tachycardia has been reported in 20-30% of patients with
systemic sclerosis (5). In addition, up to 67% of patients
with systemic sclerosis have ventricular arrhythmias (5).
Conduction disorders in systemic sclerosis are mostly due to
fibrosis of the sinoatrial node. Abnormal ECG findings and
bundle and fascicular blocks occur in 25-75% of patients
with systemic sclerosis; however, second-and third-degree
AV blocks are rare (<2%) (6). In the present case of sys-
temic sclerosis, exacerbation of AV conduction, which was
suggested to have been caused by progressive scarring, was
documented over time. Guzik et al. reported complete AV
block in systemic sclerosis with characterization on CMR
imaging (7). They reported that myocardial fibrosis secon-
dary to systemic sclerosis was the underlying pathophysiol-
ogy of complete AV block via CMR imaging performed at
the time of pacemaker indication; however, we found CMR
imaging useful for understanding the mechanisms underly-
ing heart failure and predicting exacerbation of AV conduc-
tion disorders before a pacemaker is indicated.

Initially, we planned surgical aortic valve replacement be-

cause we considered the main cause of heart failure to be
AR. The pressure half time value assessed by echocardiogra-
phy suggested mild AR; however, we considered the severity
of AR as assessed by echocardiography to have been under-
estimated, as the AR jet was wide, and the LV dilatation
was progressing. Since CMR imaging confirmed that the se-
verity of AR was mild and there was widespread fibrosis in
the LV, we judged the main pathophysiology of heart failure
to be LV remodeling due to extensive fibrosis secondary to
systemic sclerosis. At the Heart Team Conference, based on
the CMR imaging findings, we decided to perform careful
follow-up in consideration of the possibility that AV conduc-
tion disorder would worsen with the progress of fibrosis. We
were thus able to implant a pacemaker at the appropriate
time. This case report has clinical implications in highlight-
ing the fact that CMR imaging is useful for not only evalu-
ating the present pathophysiology but also predicting future
adverse events in patients with systemic sclerosis.

Sano et al. reported that the frequency of LGE was
17.5%, and LGE was distributed mainly in the basal to mid
inter-ventricular septum and the right ventricular insertion
points but involved all myocardial regions in patients with
systemic sclerosis (8). They also reported that more patients
with LGE were symptomatic and had ECG abnormalities as
well as a low LVEF than those without LGE. The present
patient demonstrated multiple points of LGE, mainly in the
LV subendocardium. She also had ECG abnormalities, such
as AV conduction disorders, CRBBB, and LV dysfunction,
which are compatible with the findings of the previous
study.

Follow-up

We implanted a permanent pacemaker in May 2021. After
the pacemaker was implanted and standard medical thera-
pies, including a beta-blocker, were started, atrial and ven-
tricular pacing rhythm was observed. The BNP level de-
creased to 191.0 pg/mL, but the LV function did not im-
prove. We feel that it may not be appropriate to evaluate the
therapeutic response yet, as only about four months have
passed since adequate device implantation and medical
therapies were performed.

The current guideline recommends an implantable car-
dioverter defibrillator (ICD) or cardiac resynchronization
therapy (CRT) be implanted in patients with an LVEF of
<35% despite standard medical therapy (9). The LVEF in
this patient was 47%, and she had not received full standard
medical therapies. Furthermore, non-sustained ventricular
tachycardia was not detected in this patient; therefore, we
implanted a permanent pacemaker according to the recom-
mendation of the current guideline. Recently, we reported
that multiple points of LGE were an independent predictor
of adverse cardiac events in patients with non-ischemic car-
diomyopathy (10). This patient had multiple points of LGE;
therefore, she was considered to carry a high risk of fatal
ventricular tachycardia and exacerbation of heart failure. We
will carefully perform echocardiography and a Holter-ECG
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and adequately upgrade to an ICD or CRT.
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