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Initial Presentation

• 41 yo, PMHx of HIV [normal CD4 count and non-

detected viral load], smoker, works as 

a truck driver

• No family history of SCD or cardiomyopathy.

• cc: syncope

• hsTroponin peaked at 600, TWI on EKG

• ESR/CRP normal

• CTPE negative for PE.

• CTA aorta negative for dissection.

• CCTA: no CAD, calcium score of 0

Echocardiogram

• LVEF 57%
• No regional wall motion abnormalities.
• Borderline RV enlargement
• No significant valve abnormalities.

Telemetry

• 2 symptomatic NSVT episodes
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CMR

• Non-ischemic mid myocardial delayed enhancement involving the basal to mid interventricular septum, especially on 
the RV side of the septum. RV insertion sites delayed enhancement also present.

• Mild RV enlargement, mild RV systolic dysfunction.

2010 revised criteria for diagnosis of ARVC

I. Global or regional dysfunction and structural alterations

By 2D echo:
● Regional RV akinesia, dyskinesia, or aneurysm
● and 1 of the following (end diastole):

— PLAX RVOT ≥ 32 mm (corrected for body size PLAX/BSA ≥ 19 mm/m2 )
— PSAX RVOT ≥ 36 mm (corrected for body size PSAX/BSA ≥ 21 mm/m2 )
— or fractional area change ≤ 33%

By MRI:
● Regional RV akinesia or dyskinesia or dyssynchronous RV contraction
● and 1 of the following:

— Ratio of RV end-diastolic volume to BSA ≥ 110 mL/m2 (male) or ≥ 100 mL/m2 (female)
— or RV ejection fraction ≤ 40%

By RV angiography:
● Regional RV akinesia, dyskinesia, or aneurysm

Major

By 2D echo:
● Regional RV akinesia or dyskinesia
● and 1 of the following (end diastole):

— PLAX RVOT ≥ 29 to < 32 mm (corrected for body size PLAX/BSA ≥ 16 to < 19 mm/m2 )
— PSAX RVOT ≥ 32 to < 36 mm (corrected for body size PSAX/BSA ≥ 18 to < 21 mm/m2 )
— or fractional area change > 33% to ≤ 40%

By MRI:
● Regional RV akinesia or dyskinesia or dyssynchronous RV contraction
● and 1 of the following:

— Ratio of RV end-diastolic volume to BSA ≥ 100 to < 110 mL/m2 (male) or ≥ 90 to < 100 
mL/m2 (female)

— or RV ejection fraction > 40% to ≤ 45%

Minor

II. Tissue characterization of wall

Residual myocytes < 60% by morphometric analysis (or 50% if estimated), with fibrous 
replacement of the RV free wall myocardium in ≥ 1 sample, with or without fatty 
replacement of tissue on endomyocardial biopsy

Major

Residual myocytes 60% to 75% by morphometric analysis (or 50% to 65% if estimated), with 
fibrous replacement of the RV free wall myocardium in ≥ 1 sample, with or without fatty 
replacement of tissue on endomyocardial biopsy

Minor

III. Repolarization abnormalities

Inverted T waves in right precordial leads (V1, V2, and V3) or beyond in individuals > 14 years of age (in the absence of complete 
right bundle-branch block QRS ≥ 120 ms)

Major

● Inverted T waves in leads V1 and V2 in individuals > 14 years of age (in the absence of complete right bundle-branch block) or in 
V4, V5, or V6
● Inverted T waves in leads V1, V2, V3, and V4 in individuals > 14 years of age in the presence of complete right bundle-branch block

Minor

IV. Depolarization/conduction abnormalities

Epsilon wave (reproducible low-amplitude signals between end of QRS complex to onset of the T wave) in the right precordial leads 
(V1 to V3)

Major

● Late potentials by SAECG in ≥ 1 of 3 parameters in the absence of a QRS duration of ≥ 110 ms on the standard ECG
● Filtered QRS duration (fQRS) ≥ 114 ms
● Duration of terminal QRS < 40 V (low-amplitude signal duration) ≥ 38 ms
● Root-mean-square voltage of terminal 40 ms ≤ 20 V
● Terminal activation duration of QRS ≥ 55 ms measured from the nadir of the S wave to the end of the QRS, including R, in V1, V2, 
or V3, in the absence of complete right bundle-branch block

Minor

V. Arrhythmia

Nonsustained or sustained ventricular tachycardia of left bundle-branch morphology with superior axis (negative or indeterminate 
QRS in leads II, III, and aVF and positive in lead aVL)

Major

● Nonsustained or sustained ventricular tachycardia of RV outflow configuration, left bundle-branch block morphology with inferior 
axis (positive QRS in leads II, III, and aVF and negative in lead aVL) or of unknown axis
● > 500 ventricular extrasystoles per 24 hours (Holter)

Minor

VI. Family history

● ARVC/D confirmed in a first-degree relative who meets current Task Force criteria 
● ARVC/D confirmed pathologically at autopsy or surgery in a first-degree relative 
● IdenƟficaƟon of a pathogenic mutaƟon† categorized as associated or probably associated with ARVC/D in the paƟent under 
evaluation

Major

● History of ARVC/D in a first-degree relative in whom it is not possible or practical to determine whether the family member meets 
current Task Force criteria 
● Premature sudden death (< 35 years of age) due to suspected ARVC/D in a first-degree relative
● ARVC/D confirmed pathologically or by current Task Force Criteria in second-degree relative

Minor

Marcus, F. I., McKenna, W. J., Sherrill, D., Basso, C., Bauce, B., Bluemke, D. A., ... & Zareba, W. (2010). Diagnosis of 
arrhythmogenic right ventricular cardiomyopathy/dysplasia: proposed modification of the task force 
criteria. Circulation, 121(13), 1533-1541.

Diagnostic terminology:
• Definite diagnosis: 2 major or 1 major and 2 minor criteria or 4 minor from different categories.
• Borderline: 1 major and 1 minor or 3 minor criteria from different categories.
• Possible: 1 major or 2 minor criteria from different categories.
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2010 revised criteria for diagnosis of ARVC

I. Global or regional dysfunction and structural alterations

By 2D echo:
● Regional RV akinesia, dyskinesia, or aneurysm
● and 1 of the following (end diastole):

— PLAX RVOT ≥ 32 mm (corrected for body size PLAX/BSA ≥ 19 mm/m2 )
— PSAX RVOT ≥ 36 mm (corrected for body size PSAX/BSA ≥ 21 mm/m2 )
— or fractional area change ≤ 33%

By MRI:
● Regional RV akinesia or dyskinesia or dyssynchronous RV contraction
● and 1 of the following:

— Ratio of RV end-diastolic volume to BSA ≥ 110 mL/m2 (male) or ≥ 100 mL/m2 (female)
— or RV ejection fraction ≤ 40%

By RV angiography:
● Regional RV akinesia, dyskinesia, or aneurysm

Major

By 2D echo:
● Regional RV akinesia or dyskinesia
● and 1 of the following (end diastole):

— PLAX RVOT ≥ 29 to < 32 mm (corrected for body size PLAX/BSA ≥ 16 to < 19 mm/m2 )
— PSAX RVOT ≥ 32 to < 36 mm (corrected for body size PSAX/BSA ≥ 18 to < 21 mm/m2 )
— or fractional area change > 33% to ≤ 40%

By MRI:
● Regional RV akinesia or dyskinesia or dyssynchronous RV contraction
● and 1 of the following:

— Ratio of RV end-diastolic volume to BSA ≥ 100 to < 110 mL/m2 (male) or ≥ 90 to < 100 
mL/m2 (female)

— or RV ejection fraction > 40% to ≤ 45%

Minor

II. Tissue characterization of wall

Residual myocytes < 60% by morphometric analysis (or 50% if estimated), with fibrous 
replacement of the RV free wall myocardium in ≥ 1 sample, with or without fatty 
replacement of tissue on endomyocardial biopsy

Major

Residual myocytes 60% to 75% by morphometric analysis (or 50% to 65% if estimated), with 
fibrous replacement of the RV free wall myocardium in ≥ 1 sample, with or without fatty 
replacement of tissue on endomyocardial biopsy

Minor

III. Repolarization abnormalities

Inverted T waves in right precordial leads (V1, V2, and V3) or beyond in individuals > 14 years of age (in the absence of complete 
right bundle-branch block QRS ≥ 120 ms)

Major

● Inverted T waves in leads V1 and V2 in individuals > 14 years of age (in the absence of complete right bundle-branch block) or in 
V4, V5, or V6
● Inverted T waves in leads V1, V2, V3, and V4 in individuals > 14 years of age in the presence of complete right bundle-branch block

Minor

IV. Depolarization/conduction abnormalities

Epsilon wave (reproducible low-amplitude signals between end of QRS complex to onset of the T wave) in the right precordial leads 
(V1 to V3)

Major

● Late potentials by SAECG in ≥ 1 of 3 parameters in the absence of a QRS duration of ≥ 110 ms on the standard ECG
● Filtered QRS duration (fQRS) ≥ 114 ms
● Duration of terminal QRS < 40 V (low-amplitude signal duration) ≥ 38 ms
● Root-mean-square voltage of terminal 40 ms ≤ 20 V
● Terminal activation duration of QRS ≥ 55 ms measured from the nadir of the S wave to the end of the QRS, including R, in V1, V2, 
or V3, in the absence of complete right bundle-branch block

Minor

V. Arrhythmia

Nonsustained or sustained ventricular tachycardia of left bundle-branch morphology with superior axis (negative or indeterminate 
QRS in leads II, III, and aVF and positive in lead aVL)

Major

● Nonsustained or sustained ventricular tachycardia of RV outflow configuration, left bundle-branch block morphology with inferior 
axis (positive QRS in leads II, III, and aVF and negative in lead aVL) or of unknown axis
● > 500 ventricular extrasystoles per 24 hours (Holter)

Minor

VI. Family history

● ARVC/D confirmed in a first-degree relative who meets current Task Force criteria 
● ARVC/D confirmed pathologically at autopsy or surgery in a first-degree relative 
● IdenƟficaƟon of a pathogenic mutaƟon† categorized as associated or probably associated with ARVC/D in the paƟent under 
evaluation

Major

● History of ARVC/D in a first-degree relative in whom it is not possible or practical to determine whether the family member meets 
current Task Force criteria 
● Premature sudden death (< 35 years of age) due to suspected ARVC/D in a first-degree relative
● ARVC/D confirmed pathologically or by current Task Force Criteria in second-degree relative

Minor

Marcus, F. I., McKenna, W. J., Sherrill, D., Basso, C., Bauce, B., Bluemke, D. A., ... & Zareba, W. (2010). Diagnosis of 
arrhythmogenic right ventricular cardiomyopathy/dysplasia: proposed modification of the task force 
criteria. Circulation, 121(13), 1533-1541.

Towbin, J. A., McKenna, W. J., Abrams, D. J., Ackerman, 
M. J., Calkins, H., Darrieux, F. C., ... & Zareba, W. (2019). 
2019 HRS expert consensus statement on evaluation, risk 
stratification, and management of arrhythmogenic 
cardiomyopathy. Heart rhythm, 16(11), e301-e372.
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?Sarcoidosis FDG-PET scan

Recurrent 
presentations with 

PVCs and NSVT

Symptoms of near syncope and exertional intolerance
Beta blockers then amiodarone added

ICD implanted Primary prevention of sudden cardiac death

18-FDG PET/CT (Outside hospital)

FDG uptake in the basal septal, inferior, and inferolateral wall segments of the LV. Mild uptake in 
the apical LV and RV free wall.

Corresponding area of decreased perfusion on N-13 Ammonia perfusion study.

Multiple hypermetabolic cervical nodes and naso-oropharynx likely secondary to covid 19 
infection.

No mediastinal, hilar adenopathy, or lung findings to suggest sarcoidosis.
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Biopsies

Cervical lymph node: Negative for 
metastatic tumor and granuloma.

Myocardium: patchy fibrosis. 
Negative for myocarditis, 
sarcoidosis, iron overload, 
amyloidosis, and ischemic changes.
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18-FDG-PET/CT

• Resting myocardial perfusion with 
rubidium was normal.

• With 18 FDG imaging there was uptake in 
the basal anteroseptal, anterolateral, 
inferior, inferoseptal, inferolateral, lateral 
and septal walls. SUV max: 5.4.

• There was no evidence of abnormal 
extracardiac activity.

Birnie, D. H., Sauer, W. H., Bogun, F., Cooper, J. M., Culver, D. A., Duvernoy, C. S., ... & Soejima, K. (2014). HRS expert 
consensus statement on the diagnosis and management of arrhythmias associated with cardiac sarcoidosis. Heart 
rhythm, 11(7), 1304-1323.
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Corticosteroids First line agents
High rates of recurrence in monotherapy

Immunomodulators
Upfront addition to conticosteroids in cases of rapidly
progressive heart failure, life-threatening arrhythmias, and 
extensive inflammation on cardiac PET
Methotrexate, azathioprine, mycophenolate mofetil, 
leflunomide, and cyclophosphamide

Biologic anti-tumor necrosis 
factor (TNF)

Third line agents
Infliximab and adalimumab

Lehtonen, J., Uusitalo, V., Pöyhönen, P., Mäyränpää, M. I., & Kupari, M. (2023). Cardiac sarcoidosis: 
phenotypes, diagnosis, treatment, and prognosis. European Heart Journal, 44(17), 1495-1510.

Treatment for cardiac sarcoidosis

Sarcoidosis treatment started

Immunosuppression: Prednisone and Mycophenolate Mofetil

Prophylactic TMP/SMX, nystatin, calcium + Vitamin D supplements.
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Towbin, J. A., McKenna, W. J., Abrams, D. J., Ackerman, 
M. J., Calkins, H., Darrieux, F. C., ... & Zareba, W. (2019). 
2019 HRS expert consensus statement on evaluation, risk 
stratification, and management of arrhythmogenic 
cardiomyopathy. Heart rhythm, 16(11), e301-e372.

Birnie, D. H., Sauer, W. H., Bogun, F., Cooper, J. M., Culver, D. A., Duvernoy, C. S., ... & Soejima, K. (2014). HRS expert 
consensus statement on the diagnosis and management of arrhythmias associated with cardiac sarcoidosis. Heart 
rhythm, 11(7), 1304-1323.
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18-FDG-PET/CT - 5 months later

• Resting myocardial perfusion with 
rubidium was normal.

• With 18 FDG imaging there was 
uptake in the basal anteroseptal, 
inferior, inferoseptal, and 
inferolateral walls. SUV max: 4.7.

• There was no evidence of abnormal 
extracardiac activity.

Ongoing ventricular arrhythmias

Uptitration of immunosuppressive 
regimen

Switching between different 
antiarrhythmics (amiodarone, 
sotalol, mexiletine)

PVC/VT ablation
•Apical inferior RV PVC ablated. 

Numerous other pleomorphic PVCs 
seen but not pursued for ablation.

Cardiac function slowly 
decreasing down to LVEF of 30%

Adalimumab started

Transplant evaluation
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HIV infection still considered relative contraindication to 
heart transplantation at most centers...

Perception of HIV-positive patients as high 
risk recipients to be avoided given scarce 
organ supply

Concern for immunosuppression-triggered 
progression of HIV to AIDS

Drug interactions which could worsen 
outcomes

• Impact of certain antiretrovirals on cytochrome P-450 
metabolism

From kidney 
transplant data:
• HIV remained stable post-

transplantation
• HIV positive recipients 

have higher rejection rates

Doberne, J. W., Jawitz, O. K., Raman, V., Bryner, B. S., Schroder, J. N., & Milano, C. A. (2021). Heart 
transplantation survival outcomes of HIV positive and negative recipients. The Annals of thoracic surgery, 
111(5), 1465-1471.

Doberne, J. W., Jawitz, O. K., Raman, V., 
Bryner, B. S., Schroder, J. N., & Milano, 
C. A. (2021). Heart transplantation 
survival outcomes of HIV positive and 
negative recipients. The Annals of 
thoracic surgery, 111(5), 1465-1471.
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Admission for recurrent VT 
requiring multiple shocks and 
ATP

Listed for transplant

Orthotopic heart transplant

Post-op tamponade requiring 
return to OR

Discharge home

Post-op pericarditis

Admission for acute rejection

Explanted 
heart 
pathology
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Kim, S. J., Pak, K., & Kim, K. (2020). Diagnostic 
performance of F-18 FDG PET for detection of 
cardiac sarcoidosis; A systematic review and 
meta-analysis. Journal of Nuclear Cardiology, 
27, 2103-2115.

How sensitive and 
specific is 18-FDG 
PET for cardiac 
sarcoidosis?

Protonotarios, A., Wicks, E., Ashworth, M., Stephenson, E., Guttmann, O., Savvatis, K., ... & 
Elliott, P. (2019). Prevalence of 18F-fluorodeoxyglucose positron emission tomography 
abnormalities in patients with arrhythmogenic right ventricular cardiomyopathy. International 
journal of cardiology, 284, 99-104.

How common 
is inflammation 
on 18-FDG PET 
in patients with 
ARVC?
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Peretto, G., Casella, M., Merlo, M., Benedetti, S., Rizzo, S., Cappelletto, C., ... & Cooper Jr, L. T. (2023). 
Inflammation on endomyocardial biopsy predicts risk of MACE in undefined left ventricular Arrhythmogenic 
cardiomyopathy. Clinical Electrophysiology, 9(7_Part_1), 951-961.

How common is 
inflammation in 
patients 
with ACM?

Asatryan, B., Asimaki, A., Landstrom, A. P., Khanji, M. Y., Odening, K. E., Cooper, L. T., ... & Chahal, C. A. A. 
(2021). Inflammation and immune response in arrhythmogenic cardiomyopathy: state-of-the-art 
review. Circulation, 144(20), 1646-1655.

Where 
does inflammation 
fall in the 
pathogenesis of 
ACM?
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• Thank you!

Cardiovascular Disease in Kenya
Joseph D. Steffens, MD

Ron Johannsen, MD
12/18/2023
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Disclosure

• I have no financial disclosure or conflicts of 
interest with the presented material in this 
presentation. 

• Any photos of patients have been used with 
permission and are for teaching purposes 
only

Kenya

• Gained independence from 
Great Britain in 1963

• Population: 53.1 million 
people (2021)

• Official languages are 
Swahili and English
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Epidemiology

• Life expectancy 67.7 years
• Median age is 19.6 years 
• Prevalence of rheumatic heart disease (RHD) is ~15% 

in East Africa 
(https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10522
432/) 

• 300,000-400,000 deaths per year worldwide (vast 
majority are women, ~85%, and common ages of 
death second and third decade of life and in 
pregnancy)

World Health Organization Data: Kenya
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World Health Organization Data: United States

Eldoret and Kapsowar
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RHD Screening
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12 year old male presents with his father for RHD 
Screening
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RHD Secondary Prevention

https://www.rhdaustralia.org.au/news/clinical-update-secondary-prevention-arf

2020 
ACC/AHA 
Guidelines
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Wilkins Score

Case 1

• 12 year old male with history of rheumatic 
heart disease

• Worsening mitral stenosis with shortness of 
breath and weight loss

• Medically managed with metoprolol, 
furosemide, and spironolactone
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Transseptal PunctureTransseptal Puncture

Courtesy, Dr. Jason Rogers, UC DavisCourtesy, Dr. Jason Rogers, UC Davis
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Post mitral balloon valvuloplasty
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Case 2

• 25 year old woman who was in the hospital to 
schedule an appointment

• Has been feeling short of breath and unable to 
walk on any incline

• Her father recently passed away from RHD
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Course

• She was admitted overnight, diuresed, and 
beta blockade was initiated

• She underwent PBMV the following morning
• Mean gradient improved to 4 mmHg with no 
mitral regurgitation

Thank you!
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Thank you!
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