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Arrhythmogenic left ventricular cardiomyopathy (ALVC) is a left ventricle—dominant arrhythmogenic cardiomyopathy (ACM) sub-
type often associated with malignant ventricular arrhythmias, left ventricular (LV) scar and sudden cardiac death. Awareness about
LV involvement is now on the rise. The diagnosis relies on structural abnormalities on cardiac magnetic resonance (CMR) imaging
and known ACM-causing genetic mutations.

A 28-year-old lady (Case 1) was referred for cardiac screening after her father passed away suddenly. Her paternal uncle (Case 2)
had been diagnosed with supposed dilated cardiomyopathy prior to referral. Both cases were worked up extensively with an elec-
trocardiogram (ECG), 24-h ambulatory ECG monitor, exercise testing, and CMR imaging. Investigations of Case 1 showed T-wave
inversion in the infero-lateral leads and a ventricular ectopic burden of 3% on ambulatory monitoring. Cardiac magnetic resonance
imaging revealed moderately reduced LV systolic function (ejection fraction of 40%) with circumferential macroscopic fibrosis. Her
uncle (Case 2) also had an impaired and dilated ventricle with extensive scar on CMR. Following the recent introduction of a car-
diogenetic service in our unit, both were heterozygous for a pathogenic Filamin-C variant (c.7384+1G>A). Based on CMR findings
and genetic results, the diagnosis of both patients was deemed to be ALVC. After years of surveillance, Patient 1 now has an im-
plantable cardioverter defibrillator (ICD) indication.

The importance of diagnosing patients with ACM lies in the predisposition to sudden cardiac death. Gene-specific treatment algo-
rithms in ACM may alter management strategies, including ICD implantation as primary prevention. An in-depth multidisciplinary
discussion and respecting patient autonomy are key factors in any decision pertaining to ICD implantation.
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Learning points

a predisposition to arrhythmias and sudden cardiac death.

for ICD implantation.

o Arrhythmogenic cardiomyopathy (ACM) is a myocardial disorder that is not due to ischaemic, valvular heart, or hypertensive disease and has

Left ventricular involvement is a common finding in ACM, linked to several genetic mutations.
A cardiogenetic service is crucial in the management of inherited cardiac conditions as it confirms a genetic diagnosis, is useful for phenotypic
characterization, may help evaluate cardiovascular risk, and alters therapeutic strategies. Filamin-C is a typical example, with lower thresholds

Introduction

Arrhythmogenic cardiomyopathy (ACM) is an arrhythmogenic condi-
tion of the myocardium that is not due to ischaemic, valvular heart, or
hypertensive disease.' Arrhythmogenic left ventricular cardiomyopathy
(ALVC) is a left ventricular (LV)—dominant ACM subtype that has been
increasingly recognized as a distinct phenotype over the past years. The
diagnosis of ALVC is clinically challenging. The recently published Padua
criteria have provided an approach towards identifying the condition
thatinvolves LV structural myocardial abnormalities on cardiac magnetic
resonance (CMR) imaging and the presence of ACM-causing gene

mutations.” Several gene mutations have been linked to ALVC.
Mutations in Filamin-C (FLNC) have particularly been shown to confer
substantial arrhythmic risk, hence the lower thresholds for implantable
cardioverter defibrillator (ICD) implantation.?

We present two FLNC variant positive ALVC cases from the same
family diagnosed following the unexpected death of a previously
healthy 36-year-old relative in his sleep. Post-mortem examination re-
vealed a previously undiagnosed cardiomyopathy with biventricular
hypertrophy.

Summary figure

Case 1 i
2003 Sudden cardiac death of her father -
2007 First paediatric cardiology review u
August 2016 First echocardiogram as an adult [ejection fraction of 50%)
September 2016 | Betablockerand ACE inhibitor treatment started e i
June 2017 First cardiac MRI (ejection fraction of 40% and late gadolinium enhancement in 2 iE =
multiple left ventricular segments)
Dec 2018 24-hour ambulatory ECG monitoring revealed a modest ventricular ectopic (VE) T it
burden of 3.1% (n=3058) with multiple episodes of bigeminy and trigeminy =
July 2019 Cardiopulmonary exercise testing (CPET) reported a low VO: max of FERCY 2 ks o i
16.6m Is/kg/min (75% predicted) with VEs at peak
May 2020 Referral to inherited cardiomyopathy clinic
May 2020 Electrocardiogram showed poor R wave progression, left anterior fascicular block
(QRS axis of -40) and T wave inversion in V1-V6, Ill and AVF
September 2021 | Cardiopulmonary exercise testing (CPET) reported an improved VO: max of
18.7mls/kg/min (90% predicted) with VEs at peak
November 2021 Second CMR (Ejection fraction of 47% and late gadolinium enhancement in
multiple left ventricular segments)
November 2021 Referred for genetic testing; Heterozygous positive for the pathogenic FLNC
variant, c 7384+1G>A
December 2021 Diagnosis of arrhythmogenic left ventricular cardiomyopathy (ALVC)
Case 2
2003 Sudden cardiac death of brother il 3 s
2004 First contact at general cardiology clinic —_ —_— ———— | _— —4
2004 Coronary angiogram showed luminally normalcoronaries 3 = 4 { 1
2008 Echocardiogram reported a dilated left ventricle with an ejection fraction of 54% :"-_-' RSN RRCET S R -v' i }
August 2015 Flecainide provocation test negative T_ 1 gHSERAHNRNES § B8 AS __ﬂ_: BN (RIS ASEAAN SNERAT AN EAS
July 2018 24-hour ambulatory ECG monitoring periods of sinus bradycardia with an average . 7 : -~
heart rate of 48 beats per minute with isolated VES (0.9% burden, n=1199) S & M ol st (BN A M a B Mt MR
July 2020 Referral to inherited cardiomyopathy clinic = RS AR R A=t e e e N e g
July 2020 Electrocardiogram showed sinus bradycardia at 53bpm, with low QRS voltagesin
the limb leads (one complex marked with red circle) and an isolated ventricular
ectopic with right bundle branch block (RB88) morphology
November 2020 CMR reported a dilated left ventricle with a mildly impaired LV systolic function
and late gadolinium enhancement in multiple left ventricular segments)
November 2021 Referred for genetic testing; Heterozygous positive for the pathogenic FLNC
variant, .7384+1G>A
December 2021 Diagnosis of arrhythmogenic left ventricular cardiomyopathy (ALVC)




Genetic testing in the management of inherited cardiac disorders

A 28-year-old female was referred to the inherited cardiomyopathy
clinic for screening following the unexpected passing of her father.
Cardiac genetic testing was not available at the time of the deceased
passing, making it harder to establish a genotype—phenotype correl-
ation. She was initially labelled with a diagnosis of a hypokinetic non-
dilated cardiomyopathy (DCM) from the age of 23 years. The diagnosis
was based on investigations including electrocardiogram (ECG), trans-
thoracic echocardiogram (TTE), 24-h ambulatory ECG, CMR, and car-
diopulmonary exercise test (CPET). Electrocardiogram showed poor
R-wave progression, left anterior fascicular block (QRS axis of —40),
low QRS voltages in the precordial leads, and T-wave inversion in
V1-Vé, lll, and AVF (Figure 1). Her first TTE showed mildly reduced
LV systolic function of 46% (based on Simpson’s biplane). A 24-h am-
bulatory ECG monitor recorded a modest ventricular ectopic (VE) bur-
den of 3.1% (n=3058), without any malignant arrhythmias. Cardiac
magnetic resonance imaging reported LV systolic dysfunction with an
ejection fraction (EF) of 40% and normal LV wall thickness of 8 mm.
There was circumferential mid-wall and subepicardial late gadolinium
enhancement (LGE) in the basal to mid-ventricular LV free wall seg-
ments, consistent with a non-ischaemic aetiology. Coronary angiog-
raphy was not performed in this case, and the presence of fibrosis in
a non-ischaemic distribution effectively ruled out coronary artery dis-
ease as a plausible cause for LV dysfunction in this clinical scenario.
Cardiopulmonary exercise test reported a low VO, max of 16.6 mL/
kg/min [75% of predicted maximum for age, body surface area (BSA),
and ethnicity] with VEs at peak (including two couplets).

During her first visit in the clinic, the patient had a New York Heart
Association (NYHA) score of 1 and did not complain of any cardiac
symptoms. The patient was leading an active lifestyle, engaging in fre-
quent exercise routines such as Zumba and circuit training with no
symptoms of note. She was employed in accounting and was
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predominantly sedentary during her working hours. Examination was
unremarkable, with normal vesicular breath sounds, normal first and se-
cond heart sounds with no added sounds, and no lower limb oedema.
She has a regular pulse at 80 b.p.m. with a non-invasive blood pressure
of 110/70 mmHg. Her body mass index (BMI) was 39 kg/m? categoriz-
ing her within the obese range. She was being optimized on anti-heart
failure therapy including enalapril 10 mg at night, carvedilol 12.5 mg
twice daily, and empagliflozin 10 mg daily, which subsequently led to sig-
nificant improvement in LVEF (50%) on TTE. Further up-titration was
limited due to hypotension. Her N-terminal pro-brain natriuretic pep-
tide (NT-proBNP) was 76 pg/mL (normal range: 5-125 pg/mL). A re-
peat CPET and CMR and referral for genetic testing were organized
at a follow-up visit as a cardiogenetic service was unfortunately unavail-
able during her initial evaluation in the preceding years.

Repeat CMR reported normal LV dimensions with an improved sys-
tolic function (LVEF 47%). Thin subepicardial to mid-myocardial linear
LGE was demonstrated in all LV basal segments on CMR, as well as the
mid-ventricular anterior, anterolateral, and inferior walls (Figure 2A—).
The degree of scar was similar to the previous CMR. Right ventricular
(RV) size and global systolic function were normal. Cardiopulmonary
exercise test showed an improved VO, max of 18.7 mL/kg/min (90%
of predicted maximum for age, BSA, and ethnicity) with some isolated
VEs at peak exercise.

Informed consent for genotyping was acquired. The GeneStudio S5™
system was used to sequence the DNA libraries, and 195 genes were in-
cluded (see Supplementary material online, Appendix S1). Variants were
interpreted according to the latest American College of Medical
Genetics and Genomics (ACMG) guidelines.* The patient was found
to harbour a pathogenic splice site variant in FLNC, c.7384+1G>A (het-
erozygous). This was a novel variant, and studies to assess the functional
impact of this variant were thus not available. The amino acid change was
however expected to disrupt RNA splicing, hence resulting in an altered
protein-coding sequence (PVS1: very strong). In silico analyses also
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Electrocardiogram of Patient 1 showing poor R-wave progression, left anterior fascicular block (QRS axis of —40), and T-wave inversion in

V1-Vé, lll, and AVF.
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Figure 2 (A-) Cine imaging and phase-sensitive inversion recovery cardiac magnetic resonance imaging sequence of Patient 1 in various planes, dem-
onstrating thin subepicardial to mid-myocardial linear late gadolinium enhancement in all left ventricle basal segments (arrows).

resulted in pathogenic computational verdicts (PP3: supporting). The
case was subsequently discussed at our monthly cardiogenetic multidis-
ciplinary team meeting. All members agreed that there were sufficient
grounds to label the proband with a FLNC ALVC phenotype.

After years of surveillance, the patient now has a FLNC cardiomyop-
athy diagnosis. Typical ECG changes, diffuse scar on CMR, absence of
overt LV dysfunction, and family history of sudden cardiac death
(SCD) lead to an ALVC diagnosis, instead of DCM. She now fulfils cri-
teria for an ICD insertion, especially in the context of a family history of
SCD.? There is strong evidence to support exercise restriction in such
patients."” Individuals who engage in high-intensity physical activity may
manifest more overt disease expressivity, and disease progression may
also progress at a quicker rate. She was thus advised to refrain from
these activities and to limit herself to mild-moderate aerobic training.
Family planning and the possibility of disease progression during preg-
nancy were discussed at length. First-degree family members have
been invited to undergo clinical and genetic screening. She was referred
for ICD implantation, as per the latest European Society of Cardiology
recommendations (2022) and the Heart Rhythm Society (HRS) con-
sensus document for Arrhythmogenic Cardiomyopathy (2019) (Class
IIA Recommendation)."® She was also made aware of psychology facil-
ities should she want to avail of the services. She presented with non-
anginal chest pain in the interim, with a long non-sustained ventricular
tachycardia (NSVT) episode picked up incidentally on ambulatory mon-
itoring. Implantable cardioverter defibrillator implantation was expe-
dited, and she is now undergoing follow-up in clinic. Only short
NSVTs have been noted on ICD interrogations over a 1-year follow-up,
with none requiring any ICD therapies. The patient remained well in
NYHA Class 1.

Case 2

A 61-year-old gentleman was referred for cardiac screening as his
brother had died suddenly at the age of 36. The referral coincided
with the referral of Case 1, the current case’s niece. This patient
had been extensively evaluated prior to referral in a general cardi-
ology clinic. He had been diagnosed with probable DCM 12 years
prior to the index referral. Regular TTEs demonstrated a stable

EF of 45-50% over the years. He had luminally normal coronaries
and a negative flecainide challenge test. A 24-h ambulatory ECG
monitor had revealed prolonged periods of sinus bradycardia with
an average heart rate of 48 b.p.m. with isolated VEs (0.9% burden,
n=1199) harbouring a right bundle branch block (RBBB)
morphology.

At the time of referral, the patient was on perindopril 4 mg twice dai-
ly, carvedilol 6.25 mg twice daily, and simvastatin 20 mg at night. He was
asymptomatic and in NYHA functional Class 1. He had no history of
syncope, palpitations, or dizziness. He worked in an office, with a mod-
erately active lifestyle. Physical examination was normal, with clear
breath sounds, no added heart sounds, and no signs of lower limb oe-
dema. He had a regular pulse at 70 b.p.m. with a normal non-invasive
blood pressure of 128/78 mmHg. N-terminal pro-brain natriuretic pep-
tide was within normal limits (60 pg/mL, normal range 5-125 pg/mL),
and an ECG showed sinus bradycardia at 53 b.p.m., with low QRS vol-
tages in the limb leads and an isolated VE with RBBB morphology
(Figure 3).

A CMR showed a dilated LV (indexed end-diastolic volume 118 mL/m?)
with a mildly impaired LV systolic function (LVEF 50%). Right ventricular
size and systolic function were normal. Fairly extensive mid-myocardial
and subepicardial LGE in the basal to mid-inferior and infero-lateral seg-
ments of the LV was reported (Figure 4A—). The patient was referred
for genetic testing and tested heterozygous positive for the same patho-
genic FLNC variant as his niece (Case 1).

As per the HRS consensus published in 2019, Case 2 did not fulfil cri-
teria for ICD implantation at the time, although he has one major risk
factor (SCD in the proband)."* He was offered a programmed electric-
al stimulation or an ICD as per current guidelines,® but he regretfully
declined both. He also turned down an implantable loop recorder. A
7-day ambulatory ECG monitor and CPET were requested. Aerobic
exercise capacity was normal on CPET (VO, max 25.7 mL/kg/min, re-
presenting 87% of predicted maximum for age, BSA, and ethnicity) with
an increased VE burden at peak exercise, including isolated VEs and two
triplets. Repeat ambulatory monitor is currently pending, and the pa-
tient is presently under follow-up in clinic for over 1 year. The patient
remains asymptomatic from cardiology point of view, with a good ex-
ercise tolerance in NYHA Class 1.
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Electrocardiogram of Patient 2 showing sinus bradycardia at 53 b.p.m., with low QRS voltages in the limb leads and an isolated ventricular

ectopic with right bundle branch block (RBBB) morphology.

We report a FLNC cardiomyopathy family with a strong history of
SCD. Previously presumed to be medically optimized, genetic testing
has now led to a clinical and genetic diagnosis. As per current

recommendations, Case 1 now fulfilled criteria for ICD implantation,
after years of surveillance."

Arrhythmogenic cardiomyopathy is an umbrella term that refers to
an arrhythmogenic condition of the myocardium that is not due to is-
chaemic, valvular heart, or hypertensive disease, as described by the

(A-J) Cine imaging and phase-sensitive inversion recovery cardiac magnetic resonance imaging sequence of Patient 2 in various planes dem-
onstrating fairly extensive mid-myocardial and subepicardial late gadolinium enhancement in the basal to mid-inferior and infero-lateral segments of the

left ventricle (arrows).



HRS." Arrhythmogenic cardiomyopathy encompasses a number of dis-
order subtypes, including systemic, infectious, inflammatory, or genetic,
and at times, there may be an overlap with other cardiomyopathies, es-
pecially DCM. Ventricular arrhythmias were considered to be a direct
consequence of LV systolic dysfunction. An arrhythmogenic phenotype
is now often preferred in cardiomyopathy phenotypes that present with
low QRS voltages on ECG, pathological T-wave inversion, mildly im-
paired LV dysfunction, overt chamber dilatation, malignant arrhythmias,
and diffuse myocardial fibrosis on CMR.” This subset of DCM patients
overlaps with ALVC. Patients are often gene positive for mutations in
LMNA, SCN5A, FLNC, TTN, or RBM20. The abnormal ECG, mildly di-
lated and impaired LV function on TTE, arrhythmias during exercise on
CPET, diffuse scar on CMR, positive family history, and FLNC genotype
were the main factors that led to an ALVC diagnosis in this family.®

Arrhythmogenic right ventricular cardiomyopathy (ARVC) was the
first reported ACM subtype, hence why it is the most cited ACM.
Arrhythmogenic cardiomyopathy is now no longer regarded as a dis-
ease affecting just the right ventricle. Awareness about LV involvement
is on the rise, present in up to 87% of cases (70% biventricular involve-
ment and 17% isolated LV involvement).9Arrhythmogenic left ventricu-
lar cardiomyopathy is an uncommon cause of ACM that primarily
involves fibrofatty replacement of the LV myocardium, leading to
scar-related malignant arrhythmias and scD.? Fatty infiltration has trad-
itionally also been used to distinguish ALVC from DCM, though this
distinction is difficult in practice. Some prefer referring to ACM in cases
presenting with fatty infiltration in the context of a desmosomal muta-
tions. Thankfully, this distinction does not really impact the manage-
ment strategy. The latest recommendations however reinforce the
need to refer patients for genetic testing, moving towards a more
personalized treatment strategy that is gene dependent.® A genome-
specific algorithm is now currently in place.

Extensive criteria are present for the diagnosis of ARVC given this is
the earliest known ACM reported. Criteria for ALVC are, on the other
hand, less clear. The evaluation should begin with a full history as well as
baseline investigations including an ECG, TTE, ambulatory ECG moni-
toring, and CMR.' Further tests may include an exercise stress test
(or CPET), pharmacological testing, endomyocardial biopsy, or an elec-
trophysiological study. Patients with ALVC may present to clinic with
palpitations, syncope, following a cardiac arrest, or referral following
the unexpected death of a relative. The recently proposed Padua cri-
teria (2020) include a new classification for the diagnosis of ACM, as
well as ALVC.% The criteria for diagnosis of ACM involve six categories,
each having major and minor criteria. The six categories include
structural and functional abnormalities on imaging, depolarization and
repolarization abnormalities, family background, and ventricular ar-
rhythmias. In the case of ALVC, there are only two major criteria within
the structural myocardial abnormalities and genetics background cat-
egories that are required for the diagnosis. The diagnosis may be
made in the presence of LV structural abnormalities and a positive
gene mutation for ACM, in the absence of RV involvement.? The struc-
tural criterion involves the finding of LV LGE on CMR in more than one
LV segment (based on the bull’s-eye plot) in at least two orthogonal
views and must involve the free wall (subepicardial or midmyocardial),
septum, or both. The LGE burden has been found to be directly related
to the extent of LV dysfunction."”"> The CMR images of both cases
presented in this manuscript are in keeping with the major criterion
with LGE across multiple segments. Decreased global or regional LV
systolic function is considered as minor criteria. The ECG abnormalities
encompassing minor criteria include T-wave inversion in left precordial
leads, low-voltage QRS morphology in limb leads or >500 VEs of RBBB
morphology over 24 h. Case 1 demonstrated T wave inversion in all
precordial leads and a 24-h VE load of 3058 VEs, while Case 2 demon-
strated low-voltage QRS morphology in the limb leads, as well as a VE
load of 0.9% (1199 VEs) on 24-h ambulatory testing. Both satisfy Padua
criteria for an ALVC diagnosis.

M. Abela et al.

The ESC has issued new guidelines in 2023 for the management of
cardiomyopathies in which they describe a diagnostic approach based
primarily on the predominant cardiac phenotype.13 They have de-
scribed five phenotypes including hypertrophic cardiomyopathy
(HCM), DCM, non-dilated LV cardiomyopathy (NDLVC), ARVC, and
restrictive cardiomyopathy (RCM). One of the major changes encom-
passes the term ACM, removing ALVC from the cardiomyopathy clas-
sification. While highlighting the importance of malignant arrhythmias
as a red flag among patients with cardiomyopathies, the ESC did not
maintain the term ACM as a distinct phenotype. Rather, it emphasized
the importance of the description of the morphological and functional
phenotype along with a description of the aetiology. The revised ESC
classification highlights the heterogeneity in disease expressivity, shifting
away from rigid nomenclature. A NDLVC phenotype may inadvertently
better suite this case series, yet the practical nature of these new re-
commendations when dealing with overlapping phenotypes remains
to be seen."

Inhomogeneity in disease expressivity is well established in cardiomy-
opathies, nicely depicted in the presented case series. The penetrance
in these phenotypes is often age related with various degrees of expres-
sion. Onset is often observed in the third to fifth decade of life. Certain
variables may be specific to families. Different mutations may confer
specific risks (malignant arrhythmias, conduction disease, and heart fail-
ur‘e).1 Probands often have a more aggressive phenotype when com-
pared with family members.'* A third of asymptomatic carriers in
familial cardiomyopathy were given a cardiomyopathy diagnosis at
the first evaluation, highlighting the importance of cascade genetic
screening when a gene is identified.' Gene-positive relatives may be
clinically unaffected at baseline, have borderline findings not fulfilling
clinical diagnostic criteria (incomplete penetrance), or else harbour
the disease. The role for genetic testing is extensively discussed in the
HRS consensus document. There are several genes implicated in the
pathogenesis of ACM. Full coverage of known ACM-related genes is
recommended during genotyping patients with a suspected ACM.
Some of the well-established genes include Desmoplakin (DSP),
Desmoglein-2  (DSG2), Plakophilin ~ (PKP2), BLC2-Associated
Athanogene 3 (BAG3), and FLNC."*¢"%"7 FLNC is a protein involved
in myocyte integrity and cell signalling, an important gene strongly
linked with ALVC.*'® Apart from assisting in the diagnosis of an
ACM, identification of likely pathogenic or pathogenic genetic variants
(as per American College of Medical Genetics and Genomics 2015 clas-
sification) may alter the management of cases. Predictive testing in
family members is also recommended.'**°

The strong relationship between high-intensity physical activity and
adverse outcomes in ACM is now well established."#2"?2 The phenom-
enon of exercise-induced ACM also supports this phenomenon. Several
cohorts consistently show that gene-positive individuals, who continue
to exercise often present earlier, have a higher rate of ventricular ar-
rhythmias and increased risk of SCD.>**** Gene-positive individuals
with a family history of ACM are not advised to engage in competitive
sports.25 Data on the role of exercise in the pathophysiology of ACM
often target families with desmosomal variants, and the science support-
ing exercise restriction in FLNC ACM is unfortunately not robust.
Exercise recommendations also fail to make this important distinction.
A shared decision approach is preferable, with a personalized exercise
prescription tailored according to the patient’s phenotype. Individuals
with ACM should be encouraged to undergo 150 min of physical activity
weekly, at low—moderate intensity depending on symptoms, family his-
tory of SCD, degree of LV involvement, and arrhythmias.>® Disciplines
that offer a low—moderate static and dynamic component would be
preferable. We advised light—-moderate-intensity exercise in Patient 1,
advising against high-intensity physical activity because of the extensive
LV involvement and positive family history. This case series nicely illus-
trates how genetic testing can alter a patient’s therapeutic strategy.
Access to genetic testing is now at an all-time high. A paradigm shift
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towards genome-specific management strategies has led to the develop-
ment of comprehensive cardiogenetic services in several institutions.®
One must however acknowledge the complexities involved in setting
up and maintaining such a service. A multidisciplinary collaboration
with cardiomyopathy experts, cardiac imagers, electrophysiologists, ge-
neticists, and psychologists is paramount. Shared decision-making with
patients should also take a prominent role. Most consensus documents
and guidelines now strongly advocate this approach.(”25

Conclusion

An ACM diagnosis has several clinical implications. A comprehensive
evaluation is carried out in all patients with suspected ACM. Genetic test-
ing is certainly an important player in phenotypic characterization and risk
stratification. Certain mutations have been shown to confer a higher
SCD risk, hence why international recommendations have included gen-
etics in treatment algorithms. As has been presented in both cases, refer-
ral for genetic testing years after being followed up in clinic had substantial
implications for long-term prevention against SCD.
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