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KEY TEACHING POINTS

� Cardiac sarcoidosis is a disease in which
granulomatous inflammation in the heart leads to
cardiac dysfunction. Cardiac sarcoidosis most
commonly manifests with left ventricular
dysfunction, heart block, and/or atrial or
ventricular arrhythmias.

� Ventricular tachycardia (VT) is a particularly
devastating complication of cardiac sarcoidosis and
is associated with increased morbidity and
mortality. Despite optimal treatment, patients
often have recurrence of VT and are at increased risk
of sudden cardiac death.

� VT in cardiac sarcoidosis may occur as a result of
either inflammation or scar. Scar-mediated VT is
generally caused by re-entry around sites of scar,
whereas inflammatory VT is generally a result of
increased automaticity.

� VT in cardiac sarcoidosis may be treated with
immunosuppression, antiarrhythmic drugs, or
catheter ablation. Immunosuppression seems to be
most useful for patients with automaticity-
mediated VT secondary to inflammation.

� In our case series, high-dose intravenous (IV)
glucocorticoids were an effective treatment for
Introduction
Sarcoidosis is an autoimmune disorder in which granuloma-
tous inflammation leads to multiorgan dysfunction. Cardiac
involvement in particular is associated with substantial
morbidity and mortality.1 Potential cardiac manifestations
include atrioventricular block, ventricular tachycardia (VT),
heart failure, and sudden death. Steroids are recommended
for pulmonary sarcoidosis and may be effective for cardiac
involvement as well. For instance, steroid therapy is reported
to be associated with improvement in atrioventricular block
and left ventricular (LV) function.2,3 Based on this sort of
observational data, the Heart Rhythm Society recommends
immunosuppression for active cardiac sarcoidosis.4

VT may occur in up to 17% of patients with cardiac
sarcoidosis and is associated with increased mortality.3,5

VT may occur owing to active inflammation or scar, or by
both mechanisms.6 Currently, the Heart Rhythm Society con-
siders immunosuppression to be a reasonable treatment for
ventricular arrhythmias due to the proarrhythmic effects of
myocardial inflammation.4 Improvement in inflammation
on myocardial positron emission tomography (PET) is asso-
ciated with fewer VT episodes.7 However, despite some ev-
idence of benefit with conventional steroid treatment, rates of
failure and breakthrough VT are unacceptably high.8–10 One
explanation is that steroids may be effective for treating
inflammatory but not scar-mediated VT.6 Notably, patients
in these studies generally received between 30 and 60 mg
prednisone daily, which conforms with available guidelines.4

Antiarrhythmic drugs and catheter ablation are also
commonly used to treat VT in cardiac sarcoidosis.
malignant ventricular arrhythmias in cardiac
sarcoidosis patients with active myocardial
inflammation. The use of high-dose IV
glucocorticoids has previously been validated in
other systemic rheumatologic diseases, including
rheumatoid arthritis, lupus, and organ transplant
rejection.
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Table 1 Clinical courses for each patient

Hospitalization
number Presentation

Active
inflammation
(yes/no/unknown)

Methylprednisolone
dose Concomitant therapies

Disease-free
interval

Patient
1

1 VT storm Yes 500 mg ! 3 IV amiodarone
Mexiletine 300 mg TID
Prednisone 60 mg daily
Adalimumab

15 months

2 PVC/NSVT Yes 1000 mg ! 3 Methotrexate 12.5 mg
weekly

Mexiletine 300 mg TID
Adalimumab

1 month

3 PVC/NSVT Unknown 1000 mg ! 3 Methotrexate
Mexiletine 300 mg TID
Adalimumab

.2 months

Patient
2

1 VT storm Yes 500 mg ! 1 IV amiodarone 6 months
2 VT storm Yes 1000 mg ! 1

500 mg ! 1
IV amiodarone
Methotrexate 15 mg
weekly

1 month

Patient
3

1 VT storm Yes 500 mg ! 3 IV amiodarone .16 months

IV 5 intravenous; NSVT 5 nonsustained ventricular tachycardia; PVC 5 premature ventricular complexes; TID 5 3 times per day; VT 5 ventricular tachy-
cardia.
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erythematosus, rheumatoid arthritis, and solid organ rejec-
tion.11,12 High-dose IV glucocorticoids have a more rapid
onset of action and greater lymphocyte inhibition compared
with lower dosages.13 Currently, it is unknown whether
Figure 1 Findings for patient 1. a: Electromyography from implantable cardiove
transiently suppresses ventricular tachycardia (VT), followed by VT recurrence and
tricular contractions. c,d: Positron emission tomography scan demonstrating avid
high-dose IV glucocorticoids are effective in treating VT
due to cardiac sarcoidosis.3

In our case series, we describe 3 patients with cardiac
sarcoidosis at a single academic center who presented with
rter-defibrillator (ICD) interrogation showing antitachycardia pacing, which
ICD shock. b: Electrocardiogram demonstrating multifocal premature ven-

fluorodeoxyglucose uptake consistent with active inflammation.



Figure 2 Cardiac magnetic resonance for patient 2. a,b: T2 maps demonstrating increased inflammation/edema in the inferolateral wall (solid arrow), Panel b
demonstrates septal scar. c–f: Late gadolinium enhancement imaging demonstrating striking, patchy epicardial, midmyocardial, and transmural scar in the septum
and inferior and lateral walls (dashed arrows). Panel c demonstrates predominantly inferior wall fibrosis. Panel e demonstrates lateral wall and panel f demon-
strates fibrosis in both the septum and right ventricular free wall.
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VT storm with evidence of active myocarditis who were suc-
cessfully treated with high-dose IV glucocorticoids (Table 1).
Case report
Patient 1
A 56-year-old man with a history of Crohn disease on adali-
mumab and biopsy-confirmed pulmonary sarcoidosis with
probable cardiac involvement presented after receiving mul-
tiple shocks from his implantable cardioverter-defibrillator
(ICD) (Table 1). His history was also notable for complete
heart block and systolic heart failure status post cardiac re-
synchronization device implantation (CRT-D).

Four months prior to this admission for ICD shocks, he
was admitted for palpitations. A device interrogation at that
time revealed VT, which had terminated successfully with
antitachycardia pacing (ATP). He was treated with 40 mg
daily prednisone and sotalol. He continued to experience
symptomatic, multifocal premature ventricular contractions
(PVCs) and a PET demonstrated avid fluorodeoxyglucose
(FDG) uptake (Figure 1c/d); his sotalol was subsequently
switched to amiodarone 200 mg 3 times daily and his predni-
sone was increased to 60 mg daily.

Despite these interventions, the patient developed palpita-
tions while walking his dog, followed by 2 ICD shocks.
While in the emergency room, he received a third ICD shock
for witnessed VT. His electrocardiogram revealed sinus
rhythm with frequent multifocal PVCs (Figure 1b). ICD
interrogation demonstrated 17 episodes of sustained VT
with elevated PVC burden (29%). On 3 occasions he had
received multiple rounds of failed ATP for VT followed by
an appropriate ICD shock (Figure 1a).

He was started on amiodarone infusion and mexiletine
300 mg 3 times daily but 24 hours later continued to have ep-
isodes of sustained VT (Table 1). Given the team’s concern
for inflammatory-mediated VT despite oral prednisone, he
was treated with high-dose, 500 mg/day IV methylpredniso-
lone for 3 days. Within 24 hours of the first IV dose, his VT
resolved, with no further episodes during his hospitalization.
A repeat PET scan demonstrated an improvement in FDG up-
take. He was discharged on oral prednisone 60 mg daily and
transitioned to methotrexate as an outpatient. A follow-up de-
vice interrogation revealed improved PVC burden (7%)
without ICD therapies.

The patient initially did well but was readmitted 15
months later after an attempted steroid wean with nonsus-
tained VT (NSVT) and multifocal PVCs resulting in
decreased CRT-D pacing. A repeat PET showed an inter-
val increase in FDG uptake compared to his prior study.
He was treated with 1000 mg IV methylprednisolone daily
for 3 days with improvement in NSVT and PVC burden.
He was rehospitalized a third time 1 month later with
recurrent multifocal PVCs and heart failure, again respond-
ing favorably to 3 daily doses of 1000 mg IV methylpred-
nisolone. His VT was eventually controlled with the
addition of infliximab. Follow-up device interrogations
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demonstrated appropriate CRT-D pacing without further
ICD therapies.

Patient 2
A 65-year-old man with a history of pulmonary and cardiac
sarcoid presented with palpitations and was found to be in
monomorphic VT (Table 1). Several days prior to admission,
he had presented similarly with VT. At that time, a left heart
catheterization was performed, which was normal. A cardiac
magnetic resonance (CMR) demonstrated mild systolic
dysfunction (LV ejection fraction 5 44%) with striking
scar in the septal, inferior, and lateral walls with inflammation
on T2 mapping consistent with cardiac sarcoidosis
(Figure 2). His VT terminated without intervention. Unfortu-
nately, he was discharged prior to completing further
workup.

Two days later, he was readmitted with palpitations and
was again found to be in monomorphic VT (Supplemental
Figure 1). He converted to sinus rhythm after receiving IV
amiodarone but continued to have prolonged NSVT epi-
sodes. Given his ongoing ventricular arrhythmias and active
inflammation on CMR, he was treated with 1 dose of 500 mg
IV methylprednisolone. His NSVT improved, with only 1
additional episode during his admission. He underwent
ICD implantation and was discharged on 60 mg daily predni-
sone and amiodarone. On outpatient follow-up, his ejection
fraction had improved on echocardiography to 60%–65%
and device interrogation revealed no PVCs. He was transi-
tioned to methotrexate as an outpatient.

Seven months later after an attempted steroid wean, he
presented with palpitations and was again in slow VT. No
ICD therapies had been delivered, as the VT was below the
detection rate. He received IV amiodarone but had break-
through VT and NSVT. He was treated with a single dose
of 1000 mg IV methylprednisolone followed by 500 mg
the next day. Subsequently, the patient’s NSVT resolved.
Prior to discharge, a PET scan showed avid FDG uptake in
the lateral and septal walls, consistent with active inflamma-
tion and scar in the basal septum. He was discharged on pred-
nisone 40 mg daily with a prolonged taper.

One month later, he developed recurrent monomorphic
VT, which was treated successfully with ATP. He was started
on infliximab. A subsequent PET demonstrated reduced
inflammation. However, despite treatment with infliximab,
methotrexate, dofetilide, and mexiletine, the patient
continued to have ATP-responsive VT and had a decline in
systolic function. Ultimately, his VT was controlled after
he underwent VT ablation and CRT-D upgrade. Subsequent
ICD interrogations did not reveal any further therapies.

Patient 3
A 52-year-old man with a biopsy-proven pulmonary sarcoid-
osis and paroxysmal atrial fibrillation presented with several
days of shortness of breath and fatigue (Table 1). Four
months prior to this presentation, he had undergone atrial
fibrillation ablation. He was later placed on amiodarone after
developing recurrent atrial arrhythmias 2 weeks prior to his
presentation with VT.

On arrival, he was found to be in monomorphic VT
(Supplemental Figure 2). Serum angiotensin-converting
enzyme was elevated but additional lab work was
unremarkable. He converted to sinus rhythm after treatment
with IV amiodarone but had multifocal PVCs and break-
through VT. A CMR was performed, which showed severe
LV systolic dysfunction (LV ejection fraction 5 28%),
patchy midmyocardial fibrosis in the septum, and increased
inflammation on T2mapping consistent with cardiac sarcoid-
osis (Supplemental Figure 3). A myocardial PET
demonstrated active inflammation in the inferolateral wall.

As his VT storm was unresponsive to intravenous amio-
darone, the patient was treated with 500 mg IV methylpred-
nisolone daily for 3 days, which resulted in improved ectopy
without further VT. He underwent ICD implantation and was
discharged on 60 mg daily prednisone and oral amiodarone.
He was ultimately transitioned to methotrexate as an outpa-
tient and to date has had no recurrence of ventricular arrhyth-
mias.
Discussion
We describe 3 patients with cardiac sarcoidosis presenting
with either VT storm or significant NSVT that responded
to high-dose IV glucocorticoids. In each case, ventricular ar-
rhythmias were refractory to antiarrhythmic drugs and/or oral
steroids prior to receiving high-dose glucocorticoids
(Table 1). Each patient also had evidence of active inflamma-
tion by PET or CMR. Patients were given 500–1000 mg IV
methylprednisolone for 1–3 days under the supervision of a
heart failure cardiologist. All 3 patients had significant
improvement in their arrhythmia burden within 24–48 hours
of therapy. Additionally, no patients experienced serious in-
fectious complications, likely owing to the short duration of
high-dose IV glucocorticoids received.14 To our knowledge,
this is the first case series of high-dose IV glucocorticoid use
in patients with cardiac sarcoidosis presenting with ventricu-
lar arrhythmias. The results of this case series are informative
for the management of VT in this population.

Although not well studied, there is at least rationale for the
use of high-dose IV glucocorticoids for inflammatory-
mediated VT in cardiac sarcoidosis. Previous studies have
demonstrated glucocorticoids to be effective in the treatment
of pulmonary and cardiac sarcoidosis.3,15 Additionally, high-
dose IV glucocorticoids seem to be effective for acute mani-
festations of other autoimmune disorders.11,12

In cardiac sarcoidosis, ventricular arrhythmias may occur
owing to either scar or active sarcomyocarditis.6 Scar-
mediated VT generally results from re-entry, whereas VT
due to sarcomyocarditis is caused by triggered activity or
enhanced automaticity. In patient 1, the failure of ATP
together with the response to high-dose glucocorticoids sug-
gests inflammatory VT. Additionally, all 3 patients had
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multifocal PVCs and evidence of inflammation on imaging.
The presence of inflammation may explain why our patients
responded favorably to high-dose IV glucocorticoids. It is
important to note that patient 2—who had the highest scar
burden on CMR—also had the most malignant course and ul-
timately required VT ablation. Immunosuppression is theo-
rized to help with inflammatory-mediated but not scar-
mediated VT.6 Patients with predominantly scar-mediated
VT may respond better to antiarrhythmic drug therapy or
catheter ablation.6

It is further notable that VT recurred in all but 1 patient,
highlighting the tendency for relapses with this disease. Pa-
tients in whom VT recurred ultimately required increased
immunosuppression or VT ablation. Thus, high-dose IV glu-
cocorticoids should not be seen as definitive therapy for in-
flammatory VT. Rather, they should be viewed as a bridge
to additional interventions such as increased immunosup-
pression or catheter ablation. This parallels the role of high-
dose IV glucocorticoids in other rheumatologic illnesses in
which patients are often transitioned to steroid-sparing
immunosuppressive agents long term.

A limitation of our case series is its small sample size and
relatively short follow-up in 2 patients. Further studies as-
sessing high-dose IV glucocorticoids for ventricular arrhyth-
mias in cardiac sarcoidosis are needed. Another limitation of
our data is the simultaneous use of antiarrhythmic and immu-
nosuppressive drugs in our patients. However, this is repre-
sentative of a real-world cohort where patients often
receive a combination of therapies acutely for VT. Addition-
ally, both patient 1 and patient 3 responded to high-dose IV
glucocorticoids despite experiencing breakthrough VT after
several weeks of amiodarone therapy. Thus, the concomitant
use of antiarrhythmic drugs should not completely discredit
our findings.
Conclusions
In conclusion, in our case series, high-dose IV glucocorti-
coids were effective in treating VT storm or symptomatic
NSVT in patients with cardiac sarcoidosis and active inflam-
mation. Future prospective studies are warranted to validate
our findings.
Appendix
Supplementary data
Supplementary data associated with this article can be found
in the online version at https://10.1016/j.hrcr.2020.06.028.
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